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Abstract The Dulong Sn-Zn deposit is one of the largest cassiterite-sulfide deposits in China. There are different opinions regarding
the genesis of this deposit, partly due to the lack of reliable geochronological data. We report here results of the first attempt to
determine the magmatic and mineralization ages of this deposit and related late-Yanshanian granites through U-Pb dating of cassiterite
and zircon. Four cassiterite samples from the Manjiazhai section yields a means **Pb / **U age of 79. 8 +3. 2Ma( MSWD = 3. 16),
and a ®*U/* Pb-"*Pb/* P} isochronal age of 82.0 +9.6Ma( MSWD =4.81) using the TIMS U-Pb method. Zircon from a concealed
granite at the Manjiazhai section yielded a means “*Pb / **U age 0f 92.9 +1.9Ma(N =10, MSWD =0.71), and zircon derived from
a granitie-porphyry outcrop at the Tongjie section yielded a means “*Pb / **U age of 86.9 +1.4Ma(N =9, MSWD =3.70) , both
obtained using the SHRIMP U-Pb method. These ages suggest that the tin ( copper) mineralization in the Dulong Sn-Zn deposit was
mainly related to the late Cretaceous magmatic hydrothermal events. The geochronological data of the Gejiu (Sn) and the Bainiuchang
(Ag) super-large deposits and related Yanshanian granites indicate that there was a large-scale granitic magmatism and mineralization
event during the Cretaceous in southeastern Yunnan, which might have been related to the lithospheric extension of the South China
Block in late Mesozoic.

Key words Cassiterite, Zircon, U-Pb dating, Cretaceous, Magmatism and mineralizaation event, Dulong Sn-Zn deposit,
Southeastern Yunnan

B E HAEPETARKARRXOYGLHNMHT AL, TR TENFRFRE FEZTAORE ALK XS
Bo AXRETHAG LML U-Ph &, GREBUHELGEFT AR MAGRLRHALEEZLEREOFS, L P, 45
TIMS %™ Pb / U -8 A F 345 3% 79. 8 +3. 2Ma(MSWD =3.16) ,” U/® Pb-2*Ph/*™ Ph % it 4 £ #+ 34 82.0 + 9. 6Ma

» ERERBEES (S 4302026) A ERI 8 2003 SERF B E S (45 2003023 ) #1 TSRC BFET 47 E.
FE—EEMMT: XEF, B, 1971 4, 8+, 52@?9:‘?5, T RE HIRIFE Y, E-mail; yuping71liu@ sohu. com



968

Acta Petrologica Sinica # %53 2007, 23(5)

(MSWD =4.81) ; B4k % 2% #5455 SHRIMP 3£°°Pb / U £ #3548 % 92.9 + 1.9Ma(N =10, MSWD =0.71) , & i %
#6945 SHRIMP :£™Pb / U -8 £ 34454 86.9 £1.4Ma(N =9,MSWD =3.70) , £ A4 (4R) 5L L B 50 g T4 2
RUBREAR R, BENE QF BARKXBT AL EREROFRERH, BFTAAARR FOERAENST L
AR EHRIAIER B RE-RT F4, TSR T ARARE AW E L BWRA L,

XRiE Bo; £56; UPbFE; aR%; RE-BFEY,; BEG-G5 K, hdkd
FEESEES  Pell.1; P597.3
1 5%

ERMATHERULPERES LSS RBT RS
b, ZRHARRKK=HETHNES S ET K. G478
ZERTANBEBE LB KE=N5HILBBER
ERREVRBERAT R (HRHAR,2002) o Kb, Hukh ik
RN -ZHEDREEESHLLRY K, BERHEEA 33
Tim & RAERY 303 T, A 8B RS
TR, RUEANH K ZEFRANKBE RN G Ry
KZ— BERBREEK (ZHEATREAE)RES,
1996) , REFAFRT —EBREMNBR, B T EH D
AR ERFER , KRB RRATER S

Gulson 1 Jones (1992) 8 i, B AR T LA A KT 1,
LHEAHREK U S BA, 7 RAER U-Pb #1 Pb-Pb s 4E
X8, H4RE T #E3E Bushveld 24 Zaaiplaats 458556 + 5 1K
FIENJE Belituna Island 7 RIWGH A EREHRE R, TR
TEEMNRAT AT UM ERT ERN—FHFR R
McNaughton 1 Pollard (1993 ) i7i T Zaaiplaats 45445 +9" K
MELERNEEYE, (BB A X454 U-Pb fi Pb-Pb il 44
BREEEE. WS, % AT EPR E R B (Sparrenberger
et al. , 1999; Clayton et al. , 1999; % LERHHEXHMNT),
{5 P LR

A RFAS A LS U-Ph B, EIRFR TH S
TIRBEAA KB FE B892 8 WA 5 5 A R A-R A AR,
FHRGTHENER, BRHTLET S8 H B A KRB
EHA XK. G XM RN, REEARE X
I A RRE 4 E A SRS R A H
FRFHREY L), TR A L A AEMESRT
KA B BLA- BT F =Y.

2 WRHREE

HEGHEZERT KU TZHE IREMRHEEN
(A1), AHityEht TRERSRTRER B HE" 55
FuR EPSTHR RAE I RESER S LK 3 B TR AL,
PHTERUERBERE 2 FEE (R 5%,1998; R
MB%,2000) . HFXAEEHETRE AR ERNFTH
F( - TERR) FEEHGY T 20 7 XEHMTRE M+
TR HEARE B ELWE) M RERG HEA R4,

EH1 HERGEY KHERE
(E1-B; 1-48,2-A4),3-80 0 ,4-K), ASSR-TE A 1y
LI BT , SMS-Song Ma 854 HF)

Fig.1 Geological Sketch of the Dulong Sn-Zn deposit

R ER LR RER S, U RSB &
Fr 5 AR- A IR B AR A G S AR R B i B R B m iR
A (ZREA X ,1999), I S MER LERE
R BB B FRAE A R R R T LRI 0 =N,
BB SR R B RKIER A K-Ar 45880 118Ma ~
10IMa; FEHRPPRER =B K IEKH, K-Ar £
4 95Ma ~ 89Ma, Rb-Sr Z (£ 4R WY O 93. 4Ma; 45 = Wk
BIBEA, K-Ar 4E#8 % 76Ma ~ 101Ma( ZfR4,1990; =%
WA H,1990) . BERKNERLBETH RILM, HEFLIBREE
B HNHEHERREREERETETHLT (ITER
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% 1993) 5 K FE BT ERULEXIE LMK, TEZE WL
B A N B S AR SR B S A, PR T B %
HRF IS T - SRS -45 44 P N PR B,
¥ o

BRH X F B AR DR LR Y
SFAHILHOABER. BTSN AR kT
FEPER BER R T AT &R LA R
20 BRI TH- T B R R R B4 4
KEEFMERS £, T H - 2@ EHRE o, 7
HE SRR, SEAFRES B, RBEES K
B AR FBOR, B R TE 258 75 15 BE 2 BK B , R 3 T
AR BE A B RN R B 5 R R
FHOMRR-BERT I IEST LR, AT RN
LR AEABAE Y + 8+ HoH o + BT
., TAXMTENY ARG ARIYT A, LK IBR
BRGAYT BN EA AR ARLDT B, 2R
MEERKINED BEGT BE S R R
MBS AT W EENGE SREG ARG (HEAR-BR
BRINE) BEA GHA. SR MKES, PANEE
FOREURR-BA R  BORA 1 i AR- H BRR A o L B A
R-BEZARMITE BRI M1 FOBOR-BORAG 2 . B F RS
BREEREN TREWAERESIREH, £ s
ERGEPEA LB ERMRE T (T4, 1998;
XIEF%,20062) . & FLRGHD G I HETR BT,
WA 4T 1L 2 AR AR L 60 B, B b 2 ey 2
HRSERTE-£ B R EE ER, 3T LAY SRy %
NET REMNSEFEEXRER KRG BB &0
(Barton et al. , 1987) (1 2) . HIET B HMAE, THH 5
EFELRT WIS X8R & &5 %N 8
A+ BT, BAAMMAENET SR, L ik
AR T4 () 571k

3 FERREBHINHIE

NRESERETE SRBNSGARLY YA,
RAFMELE SRR EDT Y HENHETHEESA
WE>99.5%, NBEREELHEILTREBRERBER
ZK83049 , I\l 147 5% K 3 K &R 7L i B 5 M i DN4037, 3% A
EHERR SR EDT Y, EREE THhEZHAAE
>99.5%,

%A U-Pb R 4R A2 o [ 3 R VA 25 ) K ot R 8
EPLATTIRE R, BT A VG354 BIH e B A 3%
o %4 U-Pb kAT FEFRESE T Gulson 1 Jones (1992)
F Jiang 2 (2004) W B, RG AL RBRBIE, RAUTHR
B FRBKZY S ~10mg 200 HiA#¥, B T 10mL 5 30mL &g
FZIEReARd, F 7TM HCL 4 2mL 5k K 292 /Nt s A%
7M HCl #17M HNO, & ImL IFME MR 22/ Nt ; AEET

KIEYE3 W, K BB PR, T . B ERAS
it 10mg, AR E ZIFA LS, A 2mL 12M HCY, finss
BFRES AR, ~200CHBEE =B B
L. B AR RBW T AB R, HF AKX
K13 K4,B KA A, EABEBRPINAT P U B
BB, RIERER AB FER PR L7 140CE T, In
11 HCLER A EREE T, % HR-AM]R(2M HCl 1 LM HBr
PL2: VRSN B BERGRIBESRA RHEER, B
A¥H AGL-X8 IR B T3 ik SRR T )5, B
0. 1M SIRBRMRUEM 5 ~8mL WL IRFE R R B TR ,
F5mL 0. 5M SRR IS4 ) BUS I Sml 6M Eh i
#15mL 7M HNO, ¥ Pb 1 U @R, F AR LW 1 %, A
10mL 3 U3, 248 BE AR W 4 3 ~ 4ml IR, INA 2 7§ 1M
H,PO,  FRHEAMA TR, AR BREBEASEE
RN B AL B 2 B ZERT AN BABk T AT 22 b 76 VG354 B
PR B BT I R BUE Daly B 88584F U.Ph R E
W, BFA U.Pb RS0 R BUE 1 5 BB B2 B AT R IE
EWEALFAE Pb 25 (7 0. 80ng LA, U 25 {24 0. 55ng 1
7, S04 kb T2 Fl PBDAT At ISOPLOT 34 ( Ludwig, 1994)

B2 &FRAERGEY O EMEA (BRI, 100 )
Fig. 2
polarized light, x100)

Microphoto of the skarn type Sn-Zn ore ( plane-
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PRMERE T TEM (SR80 417Ma) ZE 303840 _E AR EM IR B2,
WL RE N A POE, AR RSN RE
P4 TR AR E(CL) B, DB A MRS, B
EHEAREEGA CL BR, BFNEMAEE BESEMN
WARE, FOLESATR{LEE A SHRIMP-II, {40 &Y R &
ML KRS S % SRR (Compston et ol. , 1984; RG%,
2002) . Wi B BY T HE 85 A R CZ3 (564Ma, U = 551
pe/e) M TEM, RiIZFATIREU.Th P MR, GHERAT
KIESTERBIMERMER . FRERLYN 30um, 7E SHRIMP
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SRR, X R — PR i S TS W AT, X
S WA R IACESE AR il S il . SiBahmR g
SLHPb AR IR A PR, R E R Ludwig RE
i) ISOPLOT 2. 49 1 SQUID 1. 02 ( Ludwig, 2001a,2001b),
BRI IIREN lo. B TRHESHERER, FUF
FIP®Pb/P2 U 4E#8 ( Griffin et al. ,2004) , EANACEHIE H 95%
BREE,

4 SER

WIEHHT K A ME A U-Pb F£REHIELHIR
il\izo

4.1 $7 TIMS 3 U-Pb £

MRABRRETE 63 SHRENHORAWERT A,
1741084 (MIZ) 7p#E0) TIMS ¥ U-Pb @MW E, Frill
BATENFROYEEAC-LEaBERR, USENS.2
~11pg/g, 55 Zasiplaats BB H+ 5 KB A EE (7.3 ~
12.5ug/8) 5 Pb &8N 0.19 ~0. 48pg/g, HJ5 & (2. 50 ~
4.41pg/g) BHE— P ERH( Gulson et al. ,1992) , LSEHL
EHEREAIEEN0.09 ~2.50ng, 1,3 5 HAHRKHY
SR, A58 58M22.6% ,"Pb / 22U ™Pb / U
FPh / Pb RIEEBEF —F; HA 3 MIARNEEL
HEEEE A5ABRERN 4.4 ~53.7% , SHEEERE
s, RTRERA T O B 2 KM B L @48
o 4 AW E™Pb / U REFERKELEER 76.7 ~
81.5Ma, AL F-H{H 7 79. 8 + 3. 2Ma (MSWD = 3. 16);
PEU/* Pb- " Pb/*™Pb SR & 4F 8 H 82.0 £ 9. 6Ma ( MSWD
=4.81),5Pb / U RE R MV Y EEREEERN
—3., FHik, %A TIMS ¥ U-Pb 24EE R, TS (H) 9 ik
HYAFIR 297 80Ma( 1 3),

4.2 BRIEKESEA SHRIMP 3% U-Pb i

XK EERET BT AZ T HRRIER A (ZK83049)
B 12 TS AR 15 4~ K317 T SHRIMP & U-Pb £ 882,
WH U Th S EBAEEEK, 4510 183 x 10 ™° ~ 4256 x
107°F091 x 107 ~ 1626 x 107°, ¥ill & E-1 B4 B2 i 54
AEFH CL EBEE(E4), THE v &R&E G, K
Ph/ U Ph/™ Pb 4 # 43 B 753 £ 23Ma F 881 =
6Ma, R WX FHEF T HRERELA D (XN EF %,
2006b) ; E-2 . E-3.E-5.E-7 % 4 M EH®P/ ™ U ERBTE
B 99.9 ~113.4Ma, CL B{E BRiH LA A R B G
W R REAFFE ~ 105Ma MU E— BB KIEsh; KA 104
JPb/PPU SRR AN T Bl K 87.7 ~ 96. TMa, Th/U =0. 11 ~
2.43 FIHMER0.72, HEBATRIZE 0.4, FAHERH
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S HFE (Hoskin et al. ,2000) 35X 54657 CL ER B R
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TR EBHHE, " Pb/™ U R E AR K 92.9
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F1 BEHETKBRETREBG TIMS & U-Pb EELR
Table 1 The TIMS U-Pb dating of cassiterite from the Manjiazhai section, the Dulong Sn-Zn deposit
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%A iﬁwﬁﬁ U P Pbe M & FEF & *EH F B (Ma)
$E  (mg) (x107%)(x107%) (ng) 205pp,204p), 208ppM6py, 206py 2y N7pyBS| Wiy 206py,  W6py, BBy Wpp,M5(; W7pp,/206py
0.01197  0.0792  0.0480
1 970 10 0.48 2.50 40 - (37) (477) (276) 76.7 77.4 98.9
0.01272  0.0711  0.0405
ﬁzﬂ‘i 2 9.3 87 0.3 1.70 45 (37) (465) (255 81.5 69.7 -317
0.01263  0.0832  0.0478
EEHR 3 210 11 0.19 0.09 145 0.04583 (s7) (493) (267) 80.9 81.1 88.5
0.01256  0.0893  0.0516
4 80 82 031 1.10 50 0.08908 (a1) (515) (29%) 80.4 86.9 267
1-455%%ph / 20 REAFRIMACEE: 79.8 + 3.2 Ma 1 -4 25 U-Pb SR ME: 82.0 £ 9.6 Ma

* 29Ph /"™ Pb B % LK (9 (Pb =0.80 ng,U =0.55 ng) RARBHNET RE, HEHEFOHRLRETHSRARFELE,
FHEWRBF R 20 £XTRE, Fl0: 0.01197(37) FR 0.01197 +0.00037(20) .

F2 BREBET KRR EHA SHRIMP 3% U-Pb BELER
Table 2 The SHRIMP U-Pb dating of zircon from the Dulong Sn-Zn deposit

206Pbc U Th 232Th 206Pb * 207Ph » 207Pb * 206Pb * 206Pb/233U 207Pb/206])b
HE "5 (%) (x107%)(x107%) /28y (x10-%)  /2%pp* +* /35y s /28y * S/ Ma 4/ Ma
DN4037 B-1  0.00 1931 32  0.02 50.5 0.0524 1.6 0.22 1.6 0.0305 0.4 193.4+0.7 301 £35
B2 0.29 646 18 0.03 9.1 0.0463 4.0 0.10 4.1 0.0163 0.8 104.1:0.9 12197
B3 0.64 543 637 1.21 6.4 0.0431 5.2 0.08 5.3 0.0137 1.0 87.8+0.8 -161+130
B4 0.14 986 67 0.07 35.9 0.0668 1.5 0.39 1.6 0.0423 0.6 266.8+1.5 83131
B5 0.07 362 8  0.24  42.2 0.0671 1.4 1.25 1.6 0.1355 0.6 819.4:5.0 842x30
B6 0.69 321 251 0.81 3.8 0.0477 11.3 0.09 11.4 0.0138 1.4 88.1x1.2  84+268
B7 0.57 559 33 0.62 6.5 0.0441 5.6 0.08 5.7 0.0134 1.0 85.60.8 -106+139
B8 (.14 204 392 1.9 2.4 0.0432 11.9 0.08 12.0 0.0136 1.6 87.1:1.4 -154+295
B9 -1.10 330 682 2.14 3.9 0.0613 4.2 0.12 4.4 0.0139 1.2 89.0+1.1 64991
B-10 0.26 291 4 0.16 19.6 0.0732 2.8 0.79 3.0 0.0782 0.9 485.6x4.4 1020 +57
B-11 1.29 676 753 1.15 7.9 0.0500 15.1 0.09 15.1 0.0134 1.1 85.9:1.0 195%351
B-12 0.93 662 309 0.48 7.3 0.0446 9.0 0.08 9.1 0.0128 1.0 81.9+0.8 -77£221
B-13 0.00 609 289  0.49 6.9 0.0512 3.6 0.09 3.7 0.0132 0.9 84.7:0.8  248:83
B-14 0.00 433 385 0.9 5.2 0.0536 4.1 0.10 4.2 0.0141 1.1 90.0:1.0 356+92
B-15 1.23 240 504 2.17 2.8 0.0440 9.3 0.08 9.4 0.0134 1.4 85.6+1.2 -112+230
7K83049 EO — 2111 218 O.11 26.5 0.0535 3.0 0.1082 4.4 0.01467 3.2 93.9:2.9 351 +68
El 0.10 226 91  0.42 24.1 0.0684 1.7 1.169 3.7 0.1239 3.3  753:23 881 £36
E2 — 2066 378 0.19 27.6 0.0536 2.7 0.1155 4.2 0.01562 3.2 99.9:3.1 355161
E3 — 4256 434 0.11 64.8 0.05026 1.5 0.1230 3.5 0.01774 3.1 113.4+3.5 207 +34
E4 — 814 228 0.29 10.5 0.0530 4.5 0.1105 5.5 0.01512 3.2 96.7:3.1  328:100
ES — 1927 1626 0.87 27.1 0.04975 2.0 0.1124 3.7 0.01638 3.2 104.7+3.3 183 x46
E6 1.87 183 286 1.61 2.20 0.0549 16 0.104 16 0.01370 3.6 87.7+3.2 410 +360
E7 — 1005 384 0.39 13.4 0.0572 5.7 0.1239 6.5 0.01570 3.2 100.4+3.2 500130
E8 4.40 563 1323 2.43 7.12 0.075 18  0.145 18 0.01407 3.8 90.1%3.4 1056 +360
E9 — 95 319 0.36 11.4 0.0541 4.7 0.1098 5.7 0.01471 3.2 94.2:3.0 375:110
E-10 0.03 1218 284 0.24 15.1 0.0590 2.8 0.1172 4.2 0.01441 3.2 92.2:2.9 56760
E-11 0.24 721 382 0.55 9.23 0.0517 5.7 0.1061 6.6 0.01487 3.3 95.2:3.1 273+130
E-12 1.26 335 471 1.45  4.22 0.0520 12 0.104 13 0.01450 3.4 92.8+3.1 287280
E-13 1.02 252 143 0.59  3.10 0.0506 8.9 0.0989 9.5 0.01416 3.5 90.7:3.1 225200
E-14 — 1582 514 0.34 19.9 0.0516 2.0 0.1045 3.7 0.01469 3.2 94.0:3.0 266 +45




972

0.017

108

N=10
{=92.9+1.9 Ma
MSWD=0.71

0.016

0.015

wsppy j2e

0.014

0.013 84
ZK83049

0.012
0.04 0.08 0.12 0.16 0.20 0.24

2TD, 1238 §
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Fig.5 zircon U-Pb concord figure of the samlpe ZK83049

4.3 FEHBEHER SHRIMP % U-Pb £

xR B4 ED BLAE R BEA (DN4037) 1 9 s A Ay 15
A S #E4TT SHRIMP 3% U-Pb FE#IE .. WAM U S &AL
FEIN 204 x107° ~ 1931 x 107%, T E &£ 7E 204 x 10°° ~
676 x10™%; Th & B HE, T/LFE M 18 x107° ~ 753 x
107¢, FEErpE 251 x10 ¢ ~753 x107%, & B-1,B-2,B4,
B-5 #1 B-10 9 Th/U KB HAK, AL TEE X 0.02 ~ 0. 24,45
4 CLE®ASIN Mk &RER, X, B-4.B-5 FIB-10
%" Pb/ ™ Pb 4E #5435 % 831 +31Ma, 842 + 30Ma F1 1020 +
57Ma, 387 T IR X AT BE7EAE ~ 800Ma (3 F F-4,2006b ) Fil ~
1100Ma BifiF ot (U AR A4 s HA 10 A& P/ U
ARG 81.9 ~90.0Ma, Th/U = 0. 48 ~ 2. 17 E-#{H
S 1.20, %6 B H 8 G B FFE ( Hoskin et al. ,2000) , 3
5807 CL BR Bom A A9 A R BT 4 AT E A .
X 10 AR EE Tl LR _E B, BB R BB KW B-12
S HA 9 AN AR Ph/ AU AR IR 4 86.9 + 1.4
Ma,MSWD =3.70( & 6) , AR T LR BEA WA RS RFR,

5 it
5.1 BEMET U-Ph ERBERTEAT HA

TR BAER B INE , BT REARWEANETZ
— M FHRET RO E FED REE R B %
HESREHRBHRNBERR, UERRT- Ry EE KN E
WEAREXBEEMNENL. BEARY a7 YRNERT F
R, BB EREFROE SRR (HESE,1999; B
ZR%: 2004) , Gulson il Jones(1992) $2 4 f945 4 U-Pb/Pb-Pb
ERE, WY ER FHRET RO R, B4 T
—FFR®ER,

RSB RARE SRR AW (RS, 1983;
BB 1983; RMOR, 1989; EES R, 1990; T B A%,
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Fig.6 zircon U-Pb concord figure of the samlpe DN4037

1993) ,FEZ —RH/MEH 0 R ERFHE, ZXREF
MR B A TIMS 3™ Pb / U S ACE #1808
79.8 +3.2Ma,Z* U/™ Pb-" Pb/™ Pb 2B LR 4E 14 47 82.0 =
9.6Ma, RIS AN RER (RIB-HT k) 4% 80Ma, §
SRRV EY A/EY Y Rb-Sr ERARER, 25109791
9.1 Ma f176.7 £ 3.3 Ma(Liu et al. ,1999; X|EF%,2000),
EREVWEN B EZNRAEHEZT K (R BS-RY
)R ERT . EREERNE, 28 LEREIFER—H
EVEE HEANEREAEENEN, HEBB TRY
BIRSEBRAUESE (fHEE, 19925 &2H,1992), F4h, ALt
ZF LM X R (84) FETE (B8 WA KRS KK
889 Rb-Sr A REFRRER, 53518 214.3 £ 15. 6Ma Al
243.2 £34.9Ma (G FW1,1997) , SEI A R BB R %
FER—3( Roger et al. ,2000; Maluski et al. ,2001; Yan et
al. ,2006) , AR R G Rb-Sr Z 0t £ MW #4648 Eb 1 2 5l
4 0.7149 0. 0064 F1 0. 7162 0. 0060 ( Liu et al. ,1999; X
FF4%,2000), IR FEE LEREWIHLBILE
0.732( ZEE T, 1990; HFrEERI%,1993) , TS5 R HH
FIFEWY IRPI 0 S8 R (G EW,1997) , OB gik
BREZMEMR N —B ., &5 K S.Pb RN EAA,
IR 2 IR RAE (X EF-48,2000) , Bk SEiiEE R
B, 28X ER WRE R BT T2, B A ELH
KR e BEESMIAZE NET L&, RITA R
ST IRMEY L2 EERETEHY L, EBHTTR SHn
FZT KB TEZHRERYT K (XEF, 199%; & E L%,
1998; X EF-4%,2000) , A NEHT L FESHILMERASE
FRMAERB R, T AT RE -5 HoK TR A A XA iR
FERA X (BIEIR,2002) , HTFH AM Rb-Sr AL RiEHRE
BEZHaIeLERER, ik, #IRT KD A Rb-Sr
SR ERE, DR AT AN E Sn(Cu) R RWS5AT
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B RAEK-ARL, FBEMRAREA-H—LHER, B
B REAERTF 77 ~ 82Ma,

T RAMBRRER S (EELERESE ) MIEKK
AH(EBEWERAE =) %A SHRIMP ¥ U-Pb 45843 51
492.9% 1.9 Ma H186.9 + 1.4 Ma, TG TIMS & U-Pb
FRHRMT A Rb-Sr it RERIE ARG (5) 1L 8 ERF4E
BN 7T ~ 82Ma, KHJK BT[] (/D 16Ma) B 55 -BIB 1%
B RERRBT CEBFREENRBHEZ—, BHNs =
HEBEEFERL-RBRBEHNP-BH B, B2 77 Ma ~
82Ma, FRgE i [H] 2 SMa, BREE R ER K £, 3t TR H
¥-ABEDSIBERAHE TR ENSS, EBLE
AR ERNE R ER B FrREeH A, 25T
BRTHERTRBERKPEDINXLBENEE, B8
BEEBY KORACEENR, KB FENBET AN
BHBREHR30CELE(NEF,19%), MERTEED
U-PhEE Y 86.9 + 1.4 Ma, KBRE T BERE BIER (4
A U-Pb R B R R AR E LA 800C) ,BEKBET
ARUTRERERAENT RUTE; hERTAEBNLE
K-Ar 4E#8 8 75. IMa (R4, 1990; =& HF /F,1990),
MIKRBARTRIE 4 BES FRRE] 200 +50C (24 K-Ar R £k
RHMARE) MR, BB THA U-Pb £ M5 A Rb-Sr
EHRER . BIBER U-PbER 24 K-Ar ER KX
R R ARE, EBEERBEENL HERY N 54.5C/
Ma, #/R T —R A RIS RSN N ET /T AR K ER
ERHHEE, SERESEEPORT ABIERES TR
B300CAATERA R ZER, BX—PIRER B FH S HIK
FMIFHRTERIF R AT RIE. A, X7 KRR E-RT
HE(UERKEEAS R, LK S5 ~10Ma) , KB T THEE
WWTE B RATIE BA#35 , B EZ S REF] 300C £4%
— AT BAER,

5.2 AXEBELANRERERS-BTEH

ERR AL P B L TR A S R W T R O, R
RENZHAEENGLZERBRY XZ—, EANE @0
MER W =R R TR A R MHE, 2 507 3 T4
BG4 MBES=ERRT K, LR REHE
WINK R T4 R AR IR EFREEE — LIRS &
A KB (R T %, 1998; 5K %,2004; XK ¥ %,
2006a) , AOBFEE MK ETHR T ZEERI K.

THGY KNT AEETRILIGHERES P =8
BN IBAKRRE A B KL ARRMERIE. EEF
(1983) 3 M —HA I B 8 = B TE 0 5 48 Rb-Sr 2255
BHERAFIR y 87.8 £3. 1 Ma, B - KB ER & FRLFR N
86.3£2.3 Ma, RANHER AW ERERTHREER, F
5E% (2006) A IRGH 25 T B3 R A A li—
UURRARAT W IS — UU B At L B R 76 1 8 B bk
A BIER, 3R Ar-Ar K-Ar f Pb-Pb BT 3 T RE

BRI F&t. TEERAN Ar-Ar &, KEBHIPER R
82.27+2.07 Ma ~191.81 +2.26 Ma, T E & chr 82.27 =
2.07 Ma~123.92 +15.41 Ma, 2, G5 L BRIE S S
BINSE Y RY, KEAE Ar-Ar RITE RSN B ER
4351 82.27 £2.07 Ma F185.22 £2.38 Ma, 5 2B
FRAEREBE N8, REREE A 05 B R AR
B-BE REEMNHNY,

A4 BEEBRYTRNEET R THERGHER
RIS BB R A P, S E L% AT
HRERE, SEREAXNERRBT LEEMREA
. ZH KRB TRENTIRAR, Bi—AR#KRR
B ER S A (BN, 1996; BR324, 2000),
BERFERNED B, BRIEN A 2 T T MR
& RER So-Cu-Mo F R (ZEBEIK % ,2005) . FEZB S
LI RHE R, XTI B RIRIE X A R X4 A
BAYRGHEEZERT &K (EHIL, 2006, AZHR) . BIR
R, HATILAER A8 Rb-Sr 1 U-Pb 4E S T &b e 115 ~
79Ma, INE T -8 B T2 (IR it ¥4 ,1997)

X3 3R BT 6L ( 5 M B MR R Z K BA, 1973, 1976a,
1976b) B7~, A~ 1B B H L #AT 1L % =/~ 16 5 5 R
SHEETRE SO DK% = MEFEA K 1135 3h# -
RN, N B R ARERE I T ML H-B 1L
BHpRAE-RIE A, SRR W 05 IR SR8 3 RIC R,
MR T SeEaB L THRRE. ERALHRE
N BPER-EFER AL B0, HEHEEAETN
B - ST S O B R R AR R 3, B R T
FEEEMP (LI, 2000; 4" R%,2003; KiFEE,
2004) . HAE=NMEARY REMXERE, RTaERE
BTG B A - KU IR A R - R TR 4

6 &k

(1) BRGHT KR TFZEERY K, #5 LH E ik
R T8 (H) 71k, Z0 RNSAMEA U-Pb 4EREEBF5
R, T LFRA D 80Ma, FE 5B QI BHIEK AH
HR-PRIEBNA K, TR IR SMa, A IR 12
(BRI RBHTLER) AR THE S HFERERR,

(2) MABET BEE=A ARG K EMEEEH
EREETR, RUERR X M O B A 2 KA AT
RA AR E 0, TR A A RER TR GB R
HERE™Y,

B FEKRERERETRERENA —EEFHE
ZHMEXMIRBE T ZEROBRMEY; FEBFE
VAE R R R A A O 24 R = 5k B 2 2 IR 75 B 2
T4 A TIMS i U-Pb JU4E; Curtin X2 John de Laeter FRit
> SHRIMP SLH3 % Mr. A. Frew, Dr. A. Kennedy, 7§ ¥ K2
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TSRC Dr. B. De Waele, o [ #b B Rl 22 B b 52 B FR 40
MBSk A EEH L BETEB REMER B2
WRTRIFE, X4 A SHRIMP 3% U-Pb MIEA T TIREM
ey PERERDE SHBRBRR R TR SRS
EETHRWAMRTHER, M CL BEMTE T TS0
B, BFAFTAESIE, B3 T ZEREEBR A AT EL B
BREEWASEER NN, BB+ .88 TE
HEBALRMERIERILESR BEMSHBRESH
TR, PERERE RTINS SRIBR A, FER %
IR ERTT TR TS R R RS R A%
DFR L, T —FHF BRI
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