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Abstract In this paper we use published isotopic ages for gold deposits and related rocks in the Jiaodong peninsula ( East Shandong
Province) to investigate the time and tectonic setting of the large scale gold metallogeny in the region, which contains world-class lode
gold deposits. According to this database, metallogenic processes in this area occurred in the Mesozoic, with peak activities hetween
110 Ma and 130 Ma. In the Jiaodong gold province the mineralising events are coeval with or postdates Mesozoic granitoid intrusions.
Both the Rb-Sr isochron ages and zircon SHRIMP dating results suggest that Mesozoic granitoids were emplaced during several thermal
events. The identification of inherited zircons coupled with I, ratios ( >0.709) indicate that these granitoids were mainly sourced from
the continental crust by remelting or partial melting. The I, values obtained from ores and fluid inclusions are generally higher than
0.709, and slightly higher than those for Mesozoic granitoids. This also indicates that both ore fluids and metals were mainly sourced
from the crust. A synthesis of the available data suggests that collision hetween the South and North China continents was probably the
dominant factor responsible for the gold metallogeny in the Jiaodong gold province. Granitoid emplacement and large-scale gold
metallogenesis can be related to three important stages in the geodynamic evolution of a collisional orogen ( compression-crustal
thickening-uplift, lithospheric delamination and transition to extension and a final extension phase). The most important metallogenic
phase occurred at the transition from collisional compression to extension tectonics. A previously developed model for collisional
orogeny, metallogeny and fluid flow (CMF) can he used to interpret the key characteristics of ore deposits and igneous rocks in the
Jiaodong gold province.

Key words Jiaodong gold province, Gold deposit, Granite, Isotopic ages, I, , Continental collision
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Fig. 1

Geology and distribution of gold deposits in the Jiaodong metallogenic province

(data from Cun and Chen, 1992; Hu et al. , 1997; Ma, 2002; Fan et al. , 2003)
Abrreviations for granitoid intrusions; BG, Biguo; GD, Guojiadian; GL, Guoejialing; HY, Haiyang; KY, Kunyushan; LJ, Luanjiahe; LL, Linglong.
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Table 1 Isotope ages for ore deposits and related rocks in the Jiaodong gold province, East China

R/ reie ] HE T (Ma) I, st

ER rh ] 77 35 BP99-65) S5 118.42£0.25 (P), 117.03 £0.13 (1) Bk B, 2002
FHTT 414y] 77 % ( BP99-07) S5 120.53:0.49 (P), 117.33 £0.15 (1) Wik B%, 2002
EER RS R SR 117.49£0.25 (P), 116.83 £0.36(1) e B 2002
EFEAN THEEE HE  100.59+1.96 fhEH %1995
KEF o 147 9 ( DZ004 ) S5 117.39£0.64 (P), 115.62 £1.01(]) k% 2002
KHEF 3 MAREE R B 10621 ~ 1271 (n=7) FARN,KIRIT, 1998
-0 THEMRALER LT HWS 118.6 ~ 127.5 (n=7) ZESFE, 1998
47 7F T4 B Hném 128.2£7.2; I, =0.7128 +0.0001 Wk B%, 2002
RE AR A HE  116.1+0.3 (P), 116.3 0.8 (1) B, 2003
5% kG E S5 115.2:0.2 (P), 114.4 0.2 () AHR% 2003
e 087 AiAnka mes 1565 I, =0.7095 R, 1993
I B S e 153 2n=14,1) LT, 1993
e P BRRAE B 2 ggs 1330 £350; Iy, =0.706 Wang et al. , 1992
i FeIR  BRARAE 2 g 161(1; 1, =0.7122 Wang et al. , 1992
A R IE R A S 132, 124, 117, 102 Wang et al. , 1992
T BHAL K # HE 164 +1 (P) Qiu et al. , 2002
ek Gl RIS IE i 5+ iR 1545 15, =0.7103 A%, 1993
B BRI E ME 150 (n=12, 1) BAERE, 1993
T WHRIW L2 MWE 165, 149, 135, 128, 118, 116 Wang et al. 1992
itk e BH IS L R EE  135+£2(P) Qiu et al. 2002
Eiek i ER LR E & 155 £2 (P) Qiu er al. , 2002
s REMILR S PmegE 152,47 £7.15; 15, =0.7125 Wang et al. , 1992
A R/ GLAIIE=ELN & 128, 121 Wang et al. , 1992
W ViAo HE 101, 94, 82 Wang et al. , 1992
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Continoued Table 1
o i 4 W iXAT B Jk  FiT (Ma)F L, oAk
R K BHE |5 101, 100 Wang et al. , 1992
Erch L g JEBEE Bk | 122 Wang et al. , 1992
A A K #E 101 Wang et al. , 1992
HIHH i Bk #wE 110,98 Wang et al. , 1992
T Rt Ll |ME 123,116 Wang et al. , 1992
2372 LG ang 123 +4, 1233, 122 211 Yang. Zhou, 2001
Bk 981Q07 & SmgE 121.6 £8.1; 1, =0.7094 £19 Yang, Zhou, 2000
Bk 981106 § A F & HpiE 121.8+3.5; 1, =0.7102 1 Yang, Zhou, 2000
235 A 98DKO7 5 A MG BmiE 120229; 1, =0.7113 £48 Yang, Zhou, 2000
B 5 1O B ERES, gnéE 110.6 +2.4; 1, =0.7121 £2 Yang, Zhou 2000
B 108 BB B2 H =8 HpgE 101 24 1y, =0.7120 +2 RN, 1994
257 7 BRG MY YMARE Mg 111.4£2.8; I, =0.7121 =1 K PRiE %, 1994
B GEfBEk i 126.6 £7.5; L, =0.7111 £2 AHE 1993
62574 W E amgE 11222 CGRIREA 1g,) 577 A B, 1987
B iy HE 1112 ST, B, 1987
R, £ PMEE HKAG LTy i 46.5:2.3;1;,=0.7120 1 R, 1994
55 H Rk Hnge 119.8 £1.6; [, =0.7116 +3 IR 1994
Y 4 Ak piE 134 :8; 15, =0.7104 + 1 A et 1993
¥ R :uboll ) QEPRENT Hm  88.120.1;1;,=0.7116 2 B, Mk, 1987
R/ H MmEEA R e 10527 (RIRE I,) B, HEE, 1987
A/ FIR WmEEATR MW 106 2 BAR, h$4, 1987
tE AFBk A Hmgg  113.520.6 (RRHE I5,) #5RE, 2002
ok Ok B S8 121.3:0.2 (P); 121.1 £0.5 (1) Zhang et al. , 2003
Rl FHBKOGNSEEE ngE 188.9x4.2; I, =0.7111 HIRIEE, 1994
Rl o= i 1155 CRIRAE 1) B, B4, 1987
LREE/NE  HeEne Hpbs 125.8+1.7; L, =0.7168 +2 BT, 1998
ORE/ME AYGBEK mmiE 137.6x7.1; I, =0.7163 =1 AL FE 1993
OEE/ME TaKAZHE mER 135.1x5.2 %, 1993
OERE/ME RO, FETMEEE iR 10625; I, =0.7152 £ 1 KRS, 1994
oEE KE = HmdE 135.1%5.2; I, =0.7215 £25 B, (e, 1987
OEE KBE& WHE  120x2 R, g, 1987
KFRE VNS Wi 145:1 (BHA) ZHHE, 1998
mIKE LB e 11327 %%, 1998
AR E o= mEE 118 29; I, =0.71015 £ 19 WIES% 1995
B B R SRS R (91344) S 129.01 £0.58 (P), 130.68 £2.73 (1) W% 1995
AR E B R ER T (91344) | 126.39 WAESE, 1995
4 B SR s T M5 147.30£2.13, 135,17 £3.48 W% 1995
AR B4k M i S 131.03:2.42,126.3922.04 HEe% 1995
AR B etk s B m i M5 123.92£2.53,120.03 +1.77 pE D 1995
&H Bl ahdEKka i 145.5 iR, 1994
&HT By B LikxE meE 134.3; 1y, =0.709 BEY%, 199%
£HM By BalExs E 1344138 iz, 1998
£H/ Bl akBRaE WE  124.5-132.1 (N=7) WIREE, 1994
T AL kit it S TR
SHH B R#LIERE S& 131 (P), 129 (P) Qiu et al. , 2002
£HM Bk EHKOaORNE =& miE 121.3£0.6; I, =0.7105 =1 RS, 1994
LHTR s Hpd 113.3:4.4; I, =0.7103 =1 iR, 1994
SHT A E R Y e 112.3£3.3; I, =0.7105 +3 IR, 1994
& HTH G ] Bk 104.8+1.5; I, =0.7131 =1 BHOEEE 1996
& AT SR A IR s e 101.8+3.4; I, =0.7106 =4 IR 1994
Tt 7 WS 124.6 2.5 IhEHSE, 1995

E: T SN PSRRI AR R AR T RS DT T & B ALE,
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Fig. 2 Histograms of ages for the Jiaodong gold province and
Tan-Lu belt (data from Table 1 and 4)
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b B E AL Z W AESIE S A 2B 2B B N E R
ZRAE(ERESH, 1989; $% E%,1997; Wang et al. ,
1992,1998) ,[Afu ZME(R D) B8R T HEAER. XTFB
WAL R A, BB B (0% 4 SHRIMP Gh45 4R 8 (R 2) T
A T ARIRERERNMSR EILXER (1) B
MIEFATE T 150 ~ 170 Ma, i PR IG SETB IR T 126 ~
130Ma, 5 f& B AR AT 120Ma, (2) 155 a3 ARTTE
5 RSB 8] B AR — B, LB AE 6 A 2 R R AE X
] RE S IE R AR B AR (— B > 600°C) & TR B
(—f350 ~200C)H %, 3) FRUEMSTESHESRE
L B A — B kAR A, B0, SRR R AR Bk
HIA 150 ~ 160Ma (M4 &8 A, T & L& MRk 1
B A AR E AR AR 154 Ma, JRARIE RN K A4 A
iR 166Ma, (4) FRiUMILIIER BAPIHE KRER
4 180 ~300Ma F1 > 1800Ma [HI4k Ak 7, 4™ 51 4k AR 45 1 R 4F
% A7 180 ~ 1800Ma; i1 Fri@eth SR A s A S RiLE T4
-, B AR e X 7E 180Ma 2 B ¥ % 4k BHRK 4
RS R I, JL 1L 180 ~300Ma 1 > 1800Ma () 7§ I A 22
HHREE,

XitF 180 ~ 300Ma f) A4 3 4, {00 0] 8 3% 0y B k- K
B -5 2 R v b B S LR R B SR E 54 R St Bl 1
e, X F >1800Ma (LA T4, 1215 55 1850Ma /o 45 44k,
T2 L A (] H 4 ) 16 1 PR IS  (BREART RN S 4, 19925
B R M AT, 1989; Zhao et al. , 2002; Zhang et al. ,
2003) W) 4. E-F 1800 ~ 180Ma /5] (4 B 545 A, o] A
HIERIEEZOEZ PR EEER ERET RS,
2003 ) f#RE,

3 ERIOREE

AR AE R AL R B KPR B BRI B SR, R
EHEERMTRES A SRS S T BRI R SRR,
F HouJE BAAER 58 SR AL T 3843 Bl a9 R, it Bk,
AR RN e LR R AWM R BT
B (Tu and Zhao, 1992, Wang et al. , 1992, 1998; %47,
1989) A& EHEKRAMN SRR R ELRAET
R AUEIFMETE S . JoiR el , AR L IX b A R G B S 2 R T
B 5 phy 990 A b SR TR AL T R , A5 T A 2 phy b KPR IR
AR PR R I v T R B R L I A R R, B
] B R 7 ) TR B 40 s b R O T A o

BT &0 By WA RS EE (4R 7E 200 ~350C ) iT
KT aRBEE( >573°C) , H ik, B IF— X &, i R
HARRRARE S ERAGARHEKR, R MIERENAT
WEANE TERRE; Fot, 5 HENEESE TS
KAMRET B WARERERERT SRR, WRE
41 SHRIMP 24571 (15 B R, B 2E 58 S AT BB R T %
YIRS RS R4, R R REE MR T
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FEW o RIS R R B, BAE AR
VBB B WA TE (1) BIPT Stk Lo (822 F 3 0 00 DX 14 i
B RAERR , — A L fE/NTF 0. 705 {{ R JEFR4E, KT
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(F3)(Tuetal, 1982; F B FIJEHE,2002) . 4R, %
H R S AR TR 2l R AR AR L, 40, A2 b ST RE
MIFIRIE R E R FHHA <0.710 ¥ L A (535 2% ,1988,
1997; Chen et al. , 2000) ,

®2 REVEXERSEMBFEBOEESD SHRIMP EELER
Table 2 Zircon SHRIMP dating results for the granitoids and the Jiaodong Group in the Jiaodong gold province
FEfh 3 R EFH (Ma) BRE OB E R AR (Ma)
LD20 | RIERRIERNK 2 153 4 (19) | #ER$EFH: 206 £+7~294 29 (5); Pb EHREEF: 13123 (2)
i | m S 158 24 (1) 175 £4 - 305 +9 (4); | BeEABL 3446 2 (1) |
R i R U w2 (0 2mm 260
1 RS AAE 658 £ 11, 154 £3; 1 KA% 783 13, 35201 £3, 165 £3;
- i shal b= 23
JMS-1 Jiumoushan, BRI RS 160 +3 (23) | RH210 4, 16223
MS-1 | Moushan, Bk 1583 (7) | 176 4 - 239 +7 (4); 1 WIB LM : 0226 £6, 311 146 £3
GID-1 | MFIEHKAERE, REMEE - 139 ~2875 (26), EEEFIHME: 200 ~300
LH-1 | 3R, FRmMERE 157 5 (12) | 181 5 - 386 +9 (6)
188 +5 ~224 + 6 (9), 1 B2 MR SIS A% L 224 6,
BCA | MR EEERE, REEE 152610 (5) | * 6 (90, U RDLERRI IR A L 224 »
5% 142 + 4
1553 (1); | BLE—BAER 1934 £48;
- = IS BELR 7 5 P 128 2 (19
SSD-15 | =18, MFIRBLRIEFKINK 2 +2 (19) | BB A 2708 65
| B ETE TR 2530 £ 11, 35 2483 +21;
H-8 IS BEARTE K A K 126 +2 (19
J B, MERIGBOREFRNKE 2 (19) | B TR EE0 225 £ 4, 05 159 13
TJ-1 REBIERE 13023 (14) | 1860 =15 (1); 230 5 (1)
MZS-1 | BREISERE 1203 (5) | 116 £3 (1); 155 £5 (1)
NM-1 | BREK IR 128 26 (9)
Pb LA 110 (2); #kiRES A : 150 ~3100 (31),
LX-53 | % % o) 120 2 (21
S, VT HKBEE K 2 (21) S 150 ~300, Y0k 2300 ~ 3100
ol PRI 166 24 (10) 181 £5, 188 x4, 202 x4, 244 + 11 (6) (232 ~254),
RBRN RS * 378 ~ 805 (4), 1800 ~2105 (10), 2542 + 8
c3 Bk P SRR AR TE 5 R B 15425 (6) | 291 x4, 598 +13, 771 £10, 2158 61, 2292 +21, 2517 =8
g3 : 2391 -2482 (5), 2013 ~2321 (7), 1852 £37 (6),
o4 TR e fa A 2 2530 £ 17 (7) TREEH (5) (7 +37 (6)
1125 +809, 1336 = 638

B C1, C2, C3 #EMBPERIE H Zhang et al. (2003) 5%, HAYRIRHE Wang et al. (1998) 1 Qiu et al. (2002), 55 N EUERTHIBLL.

R3 HEELREAIAFRM LIER
Table 3  The I criteria dividing different genetic types of granitoids suggested in various classifications.
E# Xuet al. (1982) Chappell & White (1984) Barbarin (1999) Chen et al. (2000)
2% ¢kt I 45 %Y 1A MPG,CPG KCG,ACG T R 1 Y R B
Iy, |0.709 ~ 0.741 [0.705 ~ 0.710 |0.709 ~ 0.718 {0.704 ~ 0.712 {0.706 ~ 0.760 [0.706 ~ 0.712|0.705 ~ 0.710| 0.705 ~ 0.714
X gl ER Lachlan 3513 &2 4% LFRIEREE RISEH PR
A EEES i B =g (el R 3) HASEEES

MPG, B Z B SRER &5 CPG, BHEAMBENA ; KCC, MKAWEMILRNE; ACC, AIRNAEMIELRE.
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P 3), BT T 75 5 MR AR Jb 0 R RS 4 i vh A AU 1
T (Chen et al. ,2000) KR (3% BB % ,1988) L1 A2,
FYVREYR EBENEW, B, Yang %2003 ) S Sr-Nd-
Pb % [F i & (B 4) G TREUAM. A, AR P A
AR AR FEE TS ABERAC R A8 B,
H A0 S5 A BERTIR) LB AR M il A 56 (ER T, 1989
Wang et al. , 1992; $% %% ,1997; Zhou and Lu, 2000; Qiu
el al., 2002),
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Fig. 3  Histograms of I values for ore deposits and
granitoids in the Jiaodong Au province and the Tan-Lu

metallogenic belt ( data from Tables 1 and 4)
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R ARV, 70 5 KR W 2, mi 8 ey O I Al 43 - T Af
PP R SR S FE AR A, T IR g, R 2 E TR R
LENSTEXERKRER, HRIEL T 4 figotniE
PR, BE: (1) BEBGRESE, (2) KPR, (3) 2
S, (4) BEEAED . BR,4 Mumoola o fEr 7
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BHE R R A E T 0, G E SR IE, T
HHRIRYE A AP

4.1 PEHRARETSEE

MBI R ETEREROERFHE, WFE: (1)
KOS RN E KRUA SR A A L, B T 3 e A
B S , (HEE SR, AR 6 TS s R R A P a0 T 48
PR RLFE MM ST (2) BART EXHEKE
SHAEREVE S5 4805 B L H A £ 05 T A B, TS
FAEAR AL LE(E 14 ENMWEFER; 3) &
KGR E L i e s S A F A L.
e B A v Xt R BRI TR X (A
SEFAEML (A 5) 5 (4) B HRFEES LB, 206
F=BL, HNEHENTE-BLE S KB R AR 1E
A1, WA S HAE 110 ~ 130Ma, 5RZ H A RF K.
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Fig.4 Temporal variation of Sr-Nd isotope systematics of
igneous rocks from the North China craton including the

Jiaodong metallogenic province (from Yang et al. , 2003 )
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HATRE: BRAF LR XKMMAS B E Fothid SR

4.2 HREFEHTIREISEAR

BARNE T e A T M B R BUHUR D SR AL IR A
R B SRR X EAMRZHNFEZFEER
R (Pirajno, 2000; 4 R4 %,2001 ) , KART & X LEAERE A
A TE B (77 Wang ef al. , 1998, £ 4325 ,2001) , {H
ZWR AR B E AT () (1) i ik 3h 3 ZU R M KX 1
KBABLRAXSEANE-HEMARE WEBRRN_-&
AR LXK (R BRAA AR ERETAERTRAL
HORMZ FEERT N EREH, Lz h R A KIS
o (2) LuuddAtiEshR A H P A 4 BRZ0T, B
FREEGEYRZBIEOBRE, &N, L%k R 5 i s 6t
BRI RETE B H2 AR M IX B 4 5 R A4 LA B %
HRAEMN LEHFEAAEBEYREEMANGR,
3) KRAFETHEEHAA, LRAELFOEEMTRR
HEAT TE B A B 2 M AT R R R 5, U, e
MR ARNAFHURB TR AAT vhnd; A, A
ZRELR BRI EBR TP HABH ZR AL EEHATF
FAER MMEHZEFEREBEEARTPER, i E
REORFTERAERERT P AR HIF LR, & KA RT1E
RANBAEREEFER, MR PER,

BF LR, RN GAEZEEEEFBRATEX
ERMEFHE,

4.3 KEMmIFEESEAE

PR R X B AR 8 I A PS5 R YEAR A v i
VIXEREN 5% . EARKEERY HH—8a2, P E
ARER R A R 8 B0 2 OB 1R R g K BEARSAN i i)
7, R AR T B DX AL T el R 1 AR e 1) IR I A AR
R 1990 EZ T MBI R AR, TR EREMEER
7 B B P FEAR B oA 2 7 ML I B i,
TS B KN B BUS BRU B R ( Sillitoe, 1989) iR, — Uk
e FR T T ARGAR HI 0z Bl B SR X o [ AR R o A AN
JAE AT B R e (4« BRATT 5 1986 B ER5,1997,1998;
F 8%, 1998 ; Mao et al. ,2003; Pirajno and Bagas, 2002,
Yang et al. , 2003) , Foif J2 A I I, i J2 iz B B RO, A 40
BT (1) A 2ABET EX [ HEAEHEDD
RN IRAE ., THIBE 5 TE B SR S R RO IR IR B (KR 4,
A 3) 7 (2) At aF EFEFH FEERY & AT FIH
i, L T EE TR Q) A aBREAE KEEY,
T R AL IR Z IR K0 R (I 5) 2 (4) At EA
HARHB A B A EERT LM H L, AR KERENHE
R FEERTHFEN? () AMPEARSEY R
BRI AR L R rclR S R sl B, i H B 3R O R
W Are iR IR 1 RIS RIERL? 5%,

T X L8 0] S A BB 26 BRAR R A SUA RO 3
AR 15 BOW KRR PR IE R BURE T E X E R ERFEH,
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EMEEESE(1998) FRM, + HARSHAERARKE SR
B4R AN R R P FE AR SR A ik — i A R A 8, i 2
PR SIERER AR RIB A R, K — R Rty KPR R
SRRIEAR SR BE AR v AR, R R S5 T AR
P R R SRR 5 skAE R

4.4 REERE.ESHER

BF(DRRSBIEED X R 4 FolgEtt £ %
HEMN 3 OB, RF LR ol A% R (2) 588
B ERE AR R BIREE T B ARG G4
W&, T 3 A TR B B AR R P A AR 1 2 1L A (Liou et al.
1996 ; Sengor and Natal’in, 1996); (3) FRE{E# K AT
BhANRLA T4 R 1E 57 & 4 45 UE B A % 98 ZU ( Kerrich
et al. , 2000; Goldfarb ez al. , 2001) , R R4 F KR H 1E M
WO RAE L4 ,1992; BT 5t % ,2003) B A
AR SRR ARG IE R SBURET EXIE
R E MR, G B 1L R i CMF 8K (& 6) i —
FRUERER(ALT) .

5 BEfERERAL SR ERGRES R R

5.1 mE—HH

T PR S IR FREEE LT PT 3L AT — W80 (LR 3
P P, F T, R FE R 43 9 B 5 5 T ) o J 4 A8 0 A
RIS 3 MR B, o, SRR A i —
SRR R R FHE Y A E G, BUE FIIR S O]
i ) B R R AR 7™ A DR G B i o R B 2 4k i Y FE 19
ARG SRR — € 38 T H AT B KIS MR
B (Chen,1998; EATEAE L4, 1992; E6),

HP R TE L R B = i T S A B0 -9 Ly
" (Yuan, 1996) , KHuH ¥ (5K EHSE,2001) (d £ 4
WRE(REFE, 1997) KB MBBRALY (KALSE,
2002) FERAE SO (R RS, 1988,1998; Zhang e al.
2002; Sun et al. , 2002; Li et aol. , 2001 ) A5 HL R~ (Liu et
al. , 1996; Hacker et al. , 1996) MG [F2r (G EFE %,
1986) 5 IAFAFAR 7 (Li et al. ,1993) (22 AL 2 #7 ( BRAT
SR LA,1992) (i M BE (Zhu et al. | 1998) | [ BT b 7%
HW( Yuan, 1996) % 2RI BT 5 O AF B 485 5430 Bk
W2 HEMEE T =& 280 (FFEE%,1978; BRXEMM
THi, 1986; sk B4 %%, 2001), £y 210 ~ 220Ma ( Yin and
Nie, 1996; Sun et al. , 2002 ; BEATSRLEE, 2004) ; #1135 H%E
Man B e Mivh H8% R A SHE R
KB R B E (B 6B1) 5 & (L A A B A R W i AE 2
WA EHGR R R (A 6B2) ; % LR fE B R i A
RO ARIER B M KR AERKE N wbrE (E 6B3)
(Tu et al. , 1982; kA ZE, 2003),
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Fig. 5 Spatial coupling of Mesozoic collision and metallogenesis and magmatism in the eastern portion of the Central
China Orogen and its adjacent areas. MBT and RBT are main boundary thrust and reverse boundary thrust,
respectively ( data from Hu et al. , 1997a; Ma, 2002; Chen et al. , 1998)
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B LR, BURA R X R U R A U 0 A AR PR B 20
A (3 R, Bl Bl 48 £ 5 TR R e A, 2 1 A
2 %, BEARAT B DX A NF T 95 A4 8 ) Il i ol 18 4 ) 4 A L
BRI RS I, 3448 ' £E 100 ~ 140 Ma, IR 58 # 1 ]
—H.

5.2 wE—H

2 B R PR i L R TR A A A 482X ( Chen , 1998) ,
[l REHE AL 5 2 R AR DR R ) & 5 AE A vp AR A, T A
WFRp AR H , 3F HLRBR T 2 Loy 3 200 SR 2t e B 380 e [ 300 R 3
PR ), M LA, B AR IX, TS St 3
Bt BOR RIS e L a0 M B 5 A B e th W] A5 ]
BurEfg, Bh AR TR oA b, LT S A
W4 (RFRG-ma K KT LIRS (A S) 5 Bt Bk fibedb &g
kR A A TR e A R E WA LK s) ;&
RBIBPKHAZEATEMER (Xu et al., 1987) , 3B F1&
Pith/E TR A AWM IR (E S5) . B2, widl
YER Y YR TR = AT & .

5.3 FRBI.EFRESMENEREH B

Bl | K1) i BY R 8 R KPR BE ST ( Chen, 1998;
Chen et al. , 2000; Zhang et al. , 2002b; FKIEAZE, 2003; Li
et al. , 2001; Guet al. , 1999, 2000, 2001; $HZE %, 1998;
AR, 1994) B, i ety mil 48 7 741 €69 LA I A A TR
R A ERAER FERETE LA e m R A E
7 B LA S A R R BN K, LR AR
FIHEEA SR ->FERRER -EMABRR AR (H
6B); A BUER #1268 T hi kA& FR 5L (Tu et al. , 1982),
BEGXRERIG SRR, bR E &L o B 3l 2
B p e PR EE R AR R X b A B 1 e 28
TRM L, >0.709 (A 3), FER T5EH, 43 A Sr-Nd [[{{7
EW (K 4) 55 A R B CMF B (B 6) W16, R HIEE
A AR DT LT v A AR A Bt ot 4l 8 B LS e At SR A
Mo

BB UL, B0 55 S KMAE T YRR WA XK AR
Wilzrb, R BB B B AR % T B E-BT YD WA, 3 K
BV (ETA - C) 5 P BALY) 2 W BOR 5EA R B
B Bk B A PORE A R R BT R BB K i By
(K 7A-D); M BB MK TR P&y A
(K 7D) . ALA™FT, KA TR R BE 2 s ¢ 5 Ik BRI 3
HERRAMTE - F)  FBRGEER N H (B TE), UL L #
BUARE AR B X R A EW (1) B RE AT H
RGBT, 8 B BT Y1 AT, ) ey B feh Jig AL 11
MR RE, FFA LR 20 ERE s (2) IRB AT R B WRAE
R AR B TEEE CA K TE - F; B 1) R B ]
R FaE Ly ROE ) CMF B BB (1 6B2)
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5.4 EMETHSEERIENXR

TR S 0 AR SR (4 Bl 480 B b, R U R 22 AT E
W, I LA )2 (R A, DR R T A ) A SR B
Bl SEATER AR (E2,%£4), TR B R HIR
e R, 0] Mok A A R [RGB & A Bk m) BT R
A I, B AR AR R E R 2. TERR)N D™
oL R AR R R AR R A P R A
B LT XEE RS, REaBR%Eey K. R
AR A TRE - R R A R & 5K KR &9 IR
EHHKRAN, LRTESRHET KP LA T ARG %A
RIGE(R—M5 % 1992) A ARBRA I, A H B <0.705,
0.705 ~0.710 Z [d]F1 >0.710 % 3 F5 0 ([ 3) , F6 0 gl
B YRR sl AR, B R FRIR R, B2, 8N
7 PR A 1 B il 28 T R, B R 1 00 31 R A
“EEHR T IR R BOLRE R A B AR R 2,
B B R B —, S B LU A B B d e Kok
FHE.

SR T R 1 AR R R, LR LT B L R
Feal, LR SRR TR, 58 B-28 ik 16 R (4085 1L 48 i
A KSR TR AR -2 W T A (Tu e ol
1982) S g B idy i 4 AR AL, SERR AR BE b S T AR IR A
I IR FRIE

6 &k

AR X KR ™ V6 & 421 100 ~ 140Ma, L) 110
~130Ma e, KOHUAEE B () Bk (] B AR IS T R IR K 4
BRI BB o K BUBE BB 1E B A fE 1 5 el ok
ol 46 R A 45 4 [l ek i B A A A Dl S TR AR R, A AR
BRLARIR A E, FF A CMF 81X, KA e e r b AR
HIbGpEREE TR T, RA MY ER MY B RE h E %,
AR SR SRR IRARE

B BotP L IR RN SR L AR
RSB RE T E R BB R B
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