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Abstract: Short-lived radionuclides and long-lived isotope systems are normally used to date chondrites; the former
systems can provide only relative ages while the later can provide absolute formation ages of chondrules, in contrast.
Among the long-lived isotope systems, Pb-Pb system is the only one that can give most precision and creditable age
information until now, The ordihary chondrite Semarkona is the most unequilibrium LL3. O type meteorite, which
might be only weakly effected by later thermal metamorphism. Thus, the age of Semarkona is significantly important
for the studying of the formation and evaluation of meteorite. In this paper, different leaching procedures were used
for the chondrules and chondrule fragments of Semarkona, and the U-Th-Pb compositions of leachates and residues
were analyzed by TIMS method. The residues normally give higher ***Pb/?***Pb ratio, suggesting higher radiogenic
Pb compositions. These residues form a Pb-Pb isochron, and give an age of (4 566.9 +5. 8) Ma with MSWD of 26,
consistent to the weighted average age of 2’Pb/>Pb model ages. Though the chondrite might experience later
aqueous alteration after its formation, previous researcher’s work about metamorphic temperatures of chondrite
suggested that the thermal metamorphism temperature was not high enough to reset the Pb-Pb system in the
chondrules, therefore, the isochron age may represent the forming time of chondrules of Semarkona. |
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O R H X 3| T HAR BB AR — 1 BERE, B
AMBLRE — R GREREREE D ER I, BBRAL
AN — T ERARRS, NRENRZEXRB/DT
1 mm A%, XTEAIRBIE BILEH , —HEHFERF
AR FIIL AR, RAH @ 14 FR R A R 4 #
RS B EMR BB 1, T 7E X AR A o | A BR
KB R AR M EEMHASHE Y, BEWNEZL
FgCE B R 2 R R T AT LA BRI R
FWE, AL EBHZERER 2AL Mo F1 2T X
FK¥ZEH M U-Th-Pb. Rb-Sr #l Sm-Nd E R %,
Mostefaoui et al. ™™ #1 Russell et ol. “' RIFHE - FH
ERBEEER, AR ARBWIE R RERE
4B LR (CAIs) B 2 ~ 3 Ma; Amelin et al. '3E T
M CR BIBRA (Acfer 059) RIERRLA CV IR A
(Efremovka) i) CAls H 3RS B #5 FE R Pb-Pb B4E 1%,
53R (4 564.7 £0.6) Ma F1 (4 567.2 +0.6) Ma,
“HEBENEBRER [(2.5£1.2) Ma] KBETE B
MERRR, XFLARNELEBERPHBE
Wo AT Bizzarro et al. HHE Allende FR-A FIBRABLFD
CAls  *Al-**Mg J7 ¥ B ARG, AN BB 4 BE
TR RBIER S,

B4R U-Pb # Pb-Pb J5 ¥ RE 4575 1R K B B
s HBRHRENBRAFREERSET 0.3%,
EZMELARE, —BEEFRRKENHTHE
mh, MEAMNEHERFEREE R +&ER), W
Tatsumoto et al. B HTHIREF R E KR 10 ~50 g, 3
BERFREERIFANE Allende B, N (4496 +
10) MaoXFROL=E#H 4 T U-Pb F1 Pb-Pb AR
XF R BHAR LB FERET R PR,

F& U-Pb 71 Pb-Pb SN E H, ERB G E
HIAE I BLTE, BR T EAR 40T B A BT b as il B
Bz, —MREEER &4 HE R HEITEE Pb
BIEoidk 20 43¢ U-Pb R RHIBF R TAER, B
ERXMBEEENTYREE U BLEHE P AER
T Y, XA R TENEE., Bkt
WREARFEREFARPEANTUESEA. BB
AMMELAE; NRAEHENESHKANER
%, AXEyYES, WTREBERNERK 2P/
26ph B AF W IR FRY, MR LM BN
RARMT A HEF RS, T EE P BEHNT

Y U-Pb AR EFEN BB, Amelin et al. P13R
2Bk, Xt CR B A (Acfer 059) HIERRLFN
CV B B A B CATs #4T Pb-Pb B F1 U-Pb 4E I3 E ,
AR, B BB & 258 Ph B R
WM SRR, RENS BB RE
Pb R RAR, SREBIBFHERNL, P, HR
Fi R 2°Pb /2P LLE M RIS I 5E L FR—B
i 2"Pb /2°Pb AR S, TR S L Pb AR 4K, 2P/
205Ph 4F i ) B 4 Bef 48 47 6 AR ITE

Amelin ez al. ¥ F§ Pb-Pb 7RI REBR AR
B RER, AHESRNERERENUSE,
HE BRI RE Pb R EAHR, WXTF Pb
FRA XA L E Pb B E W BUA R, Bl
BUREBSHERERFNFRUFESTHE S L
I, A SCURRIEXT LL3. 0 YR A Semarkona #E4T B
2 h £ R YE R J7 35 3R 8 B9 Pb-Pb 351 U-Pb
B,

1 BRI S 7 8k

Semarkona J& T ¥ & BR B B A H* LL3. 0 B[R
AP LL B EPBRMENEE Fe G Fe 2 8E,3.0
22 B HLR 8 BRORL PR A P 32 5 3 AR B B B
B/PHIZEE , BT Semarkona Z R Bisk W B/,
REBEANTEHERRBA, BA R We I 4amis
RIES, BEREFENRNMEFRAERER, Bk
ZRETEHREN, HE4 R IE, X B R,
THEE B SN F R IR H1TH 4 . Semarkona f
oL R BT YR AR A 8
A BEA BT EM Fe. Ni §& EBAHE,
Brearley et al. 45 T S T YAE IS A L F
R AR CABER,
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R it ) A S0 0 R 2 A S A b S5 R T b SR 4R AR
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HART. EREBBRMEE S WA U Th-
®ph IR AR, R REHE L RXEER, XNT
BURBBMRERR, AL ENREFHIELSE U,
Th #1 Pb, B AR BB H A Lugmair et ol. 3! F5LK
e, BNMREMN Pb AR/NT 2 pg, UM Th AJE
/NF 1 pgo

U. Th 1 Pb i3 52 7E #4 H8 B F T3 Triton TI
ESER, WS Re W, HP Pb BN E HREBAER
7,0 Th W EHASBERIRN . REFNE
dh o UL Th F1 Pb B9 & BARAL , (B8 REUE IR

RO LGET AT R, REEREE. HENE

SRR SE | BB Pb Mz HETRIE, SRR ERT
%K il Tsoplot 72 71115 27Pb /2P LK AR e 31 55 3%
P %0 46 % 8 Pb R £ 3R 4 UK BR A+ PR ER Y

®1 BRAERERRER
Table 1 The samples of chondrules for analysis

B 5 B ARAE iR (mg)
Chonl IR 10. 43
Chon2 BB A 3.75
Chon3 IR 4.83
Chon4 BARROR 1.66
Chon5 HAERBL 2.06
Chon6 BROBLEE A 3.67
Chon7 B Hh JERE M A 23.57

% 2 Semarkona [RA ERE 4L F R K TR

Table 2 Leaching procedures of Semarkona chondrules

5B BER 4t 3 WA (min)
e BBRER
#% 1 7 mol/L HNOs Jn# 120 <€ 60
(Wash 1) H,0 15
6 mol/L HC1 +9 mol/L HBr H#% 120 C 60
B 2 1 mol/L HBr BERY 30
(Wash 2) 1 mol/L HBr BWERY 15
0. 05 mol /L HNO; + ;
R 0.03mol/LHBr wrEE 5
7% (Res. ) 14 mol/L HNOs +29 mol /L HF ji# 120 C 24d
e mERWE L
2 mol/L HCl + AR ZR 1d
Bk 1 ;
(Wash 1) 2 ™ol/E HCl + R -t 1d
H:0 o
By 2 1 mol/L HBr BERY 30
(Wash 2) H,0
B% 3 9 mol/L HBr In# 100 <€ 1d
(Wash 3) H,0
By 4 14 mol/L HNO, s 100 € 1d
(Wash 4) H,0
e
P (Res. ) 29 mol /L HF + 14 mol/L HNOs Jli#k 120 «C E%@é

{8, Bp 2°5Ph/2%Ph=9.307, 2Pb/**Pb =10. 294,
208p, /204Ph, = 29, 4768 15! FRAZAG S R ILE 3,

2 FRMITE

RIFRBH 7 BRA BRI B VB BARER
Pb R ERAR (K 3), PiZR¥EEY, Wash 1 7
Wash 2 4 AE{LL A 2°Ph/**Pb LB, VB 16.7 ~
19.2; WMEBE¥EEY, BEBRRFERAS H#IEEE
Pb MR R LE, HP Wash 1 45 BKH
206ph /2P WAE, X—SWMRNY R EER RS
K& RMERmieY , HIEEEEE Pb FAER
Hi, Fifh LS, BEBHRES BHENBEEY
206p}, /2%Ph L8, BRARME N 32. 58, B {E N 229. 48,
BAMET Amelin et al. '7E Acfer 059 HIRE R H A
2 198 W tL1E o AERTEAR A ST B E Pb R A7 E AR
EHTREN USEERN. AR3FAIMUES,
ZERABEEHNRES, U ThEEHARSET
BH%HE, MEEP SEABRKRTRERK, A
206ph /2%Ph HE T A1, BUEHE T Pb DIE#E Pb
hE, ABHRAETVHRNHARERA, BEEE
BERATYEER, HPEESHEERN RN EA
Pb R R A5

M FEGEBRPEEP OBRE, BUREK
B A Ph B8R, HBGRER Pb R E
BEWESEE, AUHSFHRERY (4566.9=
5.8) Ma, MSWD =26(& 1); R, 6 4 **Pb/**Pb
EL AT 100 B5R ¥ (Chon2—Chon7) %4 HF31
27Ph /2Ph B AERE K (4 562. 2 £ 2. 6) Ma,MSWD =
11.8(F 2), REBEXFERNENZEREREN
FAZL—8, ZERIZBPIRELENRTLE
% EBR R B Ve W) 16358 Pb (B A 1A MR 1 DA
BEEZERRES Y, X0 EERKESHNRER
HTHE

WRTHTIAR, 7ERRA M AEAZETET PR AW E
RREFBEIERERRREEBER, RERE
B R MR E, E R R R AR M A AR R,
B AT HRLA CALs BB BUET B X bL 16 161, {A 45
HERERBERS. MKEZHERNT S
H BRA BRI CALs TR B X i, (BEREE
ZB—EMRH . Amelin et al. S'R5 1 B A BB
CAls ¥ Pb-Pb #3710 (4 564.7 +0.6) Ma I
(4 567.2 £0.6) Ma, & B i~ 1EFTREIRB 100G &
WFR ARG, Ho it R O 4R 000G B B LB DA R Bk,

XIE Zhi et al. : Lead-lead dating of chondrules in ordinary chondrite Semarkona


http://www.cqvip.com

L0 00 http://www.cqvip.com]

2006 £

Wik ed

16

CISIEC MWL (ol 9d YA B MWy (9) *THLF I PHYEH S MHE B (6) THLFR L MY BE K (€) ‘MUURFL vA —IA (7) ‘BEHEWR (1) 'R

89 1214 %4 7878 91°0 LE €I8°0 ST°T (U4 ) (A X4 09°1¢ 8Sy Ly "9¢ 8¢°0 LTSt 0001 oy (12 WAL Y]
9 LOSY ¥ £V °6 80°0 6¥ v18°0 1s°0 S 816°0C 9°L¥T IL°0 096€ 8¢°0 9961 88°0 16 ¢S O17 WAL
9¢ 8¥S ¥ 661 SS°T 96 998 "0 9l 9 €T 81 SLE §ce 9 ’s 60T (4 0°9s¢ L1°0 014 WAL
9°¢ 7108 ¥ Sl 80°0 Ly 606 °0 91°0 S LT ST €9L T 9€ 0 08¢ € 8¢ 0 1.7€6C §S°0 €1 °86 @TA LUoY)
1 8°¢9S v 187901 €170 v ¥$9°0 07T 1454 ! cLLY €CT 8°9L¢E 01 1°6€8 0s°0 L°LIT L)
LS S 9%6v ¥ Lzo (AN 1T LS80 §C0 T 6¥1°81 YL 6S 0T L1°98 T6°1 8LY 07811 Le0 @CMA 9uoYD
vT T65S ¥ 13 4] 09°0 96 8¥9°0 891 996 991 €€9 691 8T°LS L1l (A4 86°¢C 8¢°CI ®9UoUD
4 v o1y v $8°L 01°0 6% 8C8°0 81°0 ¥ €50 "61 91 ¥1 €0 16 0T 01°¢ $6°1 €EL0 Ls¢ TMA SUoYD
9°¢ 69¢ v 1544 00 0v T18°0 Y170 ¢ 1¥c 61 90 v [YA] 2119 €60 6T 6v°0 (474 A SUY)
vl 9709 ¥ €1 °20¢ 600 SS¥¥9°0 90 9€1 10T oL°¢ 610 Vv '8¢ €70 80 °CS €0 9T°LI m$ Uoyd
1°s 8°98v ¥ 00°S9 (U] 9 S¥8°0 AL v LEB "8I Y1°¢ 6C°0 €9y Ine $6°1 9°0 Ly @TMA YIoUD
1€ Loy v 0€C 290 S8 ¥¥8°0 0L"0 6 LEB LT 09 "6v €L0 8% 769 €S°¢ €9 0€°0 ¥9°C 1M YIoUYD
€1 VYOS ¢ v SIT 80°0 °E €V 70 S0 $8¥ "6CT 0€ € LS 0 0T "oy v 0 YL°8S o 9l m¥yeeqdD
9y TS v v 0 90°0 Y€ L68°0 6T°0 0 9¢L°91 I (44 w0 S °LOE €8°0 18°¢€ €0 1€ @TM EUoYD
Ly 17108 ¥ °w0T 600 8689870 * 81°0 € 6vv L1 0°65C YA $°29¢ IS0 LL"TE YT °0 0171 1M €uoyD
(4N €655 v ¢ I91 80°0 €€ SY9°0 £V 0 L6681 [4arAl 99 °0 V¥l o 6 ¥91 o 86 'Sy @®EWD
9T (4454 19761 S0 9¢ 898 0 96 0 T1766°L1 9°02C el ¢oLIe 01 69 €T €0 £6 66 @TMA TUUD)
124 sIT ¥ 68 v 90°0 S€1€87°0 I1°0 0 1L8791 VoILT 81°0 [ 744 S0 $S 08 €0 9€ 61 1M Tuoyd
ST 9719 v ST9L 80°0 86 L99 0 w0 6€L "101 €0 ‘91 Sv°0 6L 06 o 886 Y20 T '8¢ ®TUOUd
80°0 99 TSL0 (4] T SLSCE T°91T €€°0 1°69Y DL

so8e [opoul pUB BUONIBWISG JO SO[LIPUOYO Jo BIEP qd-YL-[I. € O[9EL
PHER R ET | ad-1L-0 [HEk g euoyrewds € 2%

Geochimica | Vol. 35| No. 11 pp. 13 ~ 18| January, 2006


http://www.cqvip.com

pooo hgp://www.cqvip.coml

14 B 5%, TEWHRBRA Semarkona FIEkIT K Pb-Pb i F 17
0.78 4568
0.74 | g 4564 1 { I [
£ [
g . & 4560 | I 1
§ 70 ﬁ I
Mean~(4 562.2+2.6) Ma
4556 1 Mgavlslmiu.s )
0.66 1=(4 566.9+5.8) Ma
MSWD=26
B 2 Semarkona FiABRBLIR LG R MY
0.62 ; L : . ; . SE 3 2P /25Ph B AR
0.00 0.01 0.02 0.03 0.04

24ppy5ph

B 1 Semarkona B /A BRAL B YE)E SRR Pb-Pb SR 4R
Fig. 1 Pb-Pb isochron of the residues of Semarkona chondrules
after leaching

B 4 K TR R A Pb-Pb B AERY A R A EIE,
1 Amelin et al. i Sm-Nd B35 6 M@ B A 1
AERBL A LR BERR IR T Rk, R84 B
REWHR (4588 +100) Ma", EZTEREBN
Pb-Pb % 4E#E . B IL, 7 B AIA 4K L,
Pb-Pb R BN BB R EAXT F IR
ko

E4 M1k, 3 Semarkona A BRI B4R I
M ERBEIR L, Swindle e al. A K-Ar 45 H B4
B A BROBLAE RS , A 4 200 ~ 4 700 Mal®; flfiTAR
8 I-Xe AR (FFEHIH 15. 7 Ma) SF#81A K Semarkona
B BB TR BLET B] A =10 Ma 5955 TE ) oKita et
al. F SIMS $A W& Bt A BRBLHT °AL-Mg R , 1R
WARBG R, AT BB T e 8 78 B /N T
1 Ma,fE Lt CAIs B TE HUAT R B4 2 Mal®

R Y R RE A W] FE A BR A BB T LA
¥ , 4= SCH 3R 18 B9 Pb-Pb (5 4F 18 (4 566.9 +5.8) Ma
EERERRBRBLNIE RERYE? Swindle et al. R
Semarkona B A BRBLAY I-Xe RRMEE RN, W
AIRBTE U S 457K E M7 (aqueous alteration) ,
BAET 21 /71 fE, FBUFRZADY % Pb R
Ay, Hol LLBRAKEMTRERETEN
BiE, REES B CR BB A KT R, Amelin e al. ¥
WH CR BIBRK B A B KA MAERER&ES
150 C -2 ZE iR R, MR 3RO ST LA Pb
RAN BT YER (HXKR) + PbHTEHKS
B8, Hit Pb AMRAREEN TREMER D,
Rubin et al. ®! AR ARBHIERERHE SR
Jehn# (flash heating) B 45 R, Semarkona B A #R

Fig.2 Weighted average ’Pb/**Pb model age of the residues

of Semarkona chondrules after leaching

B R K ZHBIR S (FeS) RIFEENT Y, 3T
X B ALYy i B 5 3% B B B A 3 5k 4 B B B A A
AR E, HMUR TR 13 Semarkona B A 2
BATENBRE, BTFHRARAGRAMPZEHER
g /N E, R AR BB BN 770 Ko Amelin
et al. "%t HS R BIRKBR A Richardion H BRBLH
BERREL A Pb-Pb B FH R FIA W (4 562.7 +
1.7) Ma 1 (4 550.7 +2. 6) Ma HJ4E#E , BTN
SRR LT A RZHRERE Pb R R &
RE Y B WA ER, FRANZFRZRFT
YiMisF Pb R RARHARENZER, E3R P,
Pb [F] {37 2 A 75 449 25 F R BE 7T A 3K 8 950 ~ 1 150 Ko
X—BEMTEET 3 BBUA T REE 7 g A
{8, B Semarkona A ERKIE LG, Pb-Pb [F {1
BRR 25 B 8 W 0 i RT BB PR /Do

22 FFTR, 23018 H Semarkona B A BRKLHY
Pb-Pb 354 I AR BRBLIY BRI, Bl TREY W,
AEEEHEA TS Amelin e ol. BB R R K CATs
FERRI XS, WARES Amelin e ol PY45 H K H5
RRA KA RFERSF, B EEREHF SN
HEE T, URBERREENER,

# o LB e AR X TR B g KRR E
P R F X % £ ¥ E Linda Cataldo # Nancy Joyce
B BXRIIBTHIPRMAFERARER
RN, ERRTFR RS, P A
BRFFERERENEZFEAEL,
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