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U-Pb meToA

U, Th and Pb in the periodic table
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U-Th-Pb method

Method is based on the following three decay reactions:
238 — 206Pb T, ,, = 4.468 Ga
25U -5 2’Pb T, ,, = 0.704 Ga
232Th - 2%8Pb T, , = 14.01 Ga

204Pb is a non—radiogenic, stable isotope. We can therefore write:

.?.()6Pb - 2()6Pb " 238U ( - l)
B — 1 ~y € ¥ —
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2()7Pb B 2()7Pb " 235U (6;_2, - l)
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Lleno4vkun pacnaga Th n U

208
The %3?Th decay series Pb
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Y Pb 60MbLLON NOHHbLIWM Paanyc U HU3Kas
BaNeHTHOCTL 2, YTODOLI yaepXmnBaTbCA B
CTPYKTYpe LUMpPKOHa
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Numbers of atoms
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U-Pb Concordia diagram

206P[p*/238 = (gM1-1), 207Pp*/235 = (gt2-1)
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KoHkopausa rpadunyeckoe npeancraBneHue gByx
He3aBUCUMbIX FreOXPOHOMETDOB

The concordia diagram
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pasgopa

Oduckopana — nnHus, coeguHsoLLas
Hecornacyruwmecs (pacxogsawmnecs) aHa4eHUs
BO3pacTa, nony4yaemble U-Pb meTogom npu
OTCYTCTBUW N3OTOMNHOIO paBHOBECUA.
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MNoHHBbIN Mnkpo3oHa SHRIMP-II (LI BCEIEW)
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28pp/2EY

data-point error ellipses are 68.3% conf.
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IT'EOXNUMHUA

TEOXUMMUSA PABHOBO3PACTHBIX KAMIM ITMPKOHA
B THEMCAX KOJILCKOM CEPUM (SIMS, SHRIMP-II)
1 ITPOBJIEMA PAHHEKAJIEAOHCKOM TEPMAJIbHOUW AKTUBU3ALIUU
KOJIBCKOI'O KPATOHA

© 2013 r. C.T. Ckyoaos, T. A. MbickoBa, uien-koppecnonnent PAH 0. b. Mapum,
b. 0. Actadmes, E. C. boromoaos, I1. A. JIbBoB
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TepmMmoxpoHonoru4

* Temnepartypbl 3akpbITUA U-Pb cuctembl A4ns
napareHHbIX UMpKoHa — okono 900°C, cipeHa —
no 700°C, anatuta — okono 450°C. U-Pb
OaTupoBaHME 3TUX MUHEPAroB JaeT
BO3MO>XHOCTb OLIEHUTb CKOPOCTb OXJ1aXXaEeHUSA
npun MmarMmaTU4YeCcKkomn Kpuctannmsaumm nnm
MeTaMopdpuname.

* TemnepaTypa 3aKpbITUA NU30TOMHOW CUCTEMbI —
NpU KOTOPOU NPOAYKTbl pagnoakTUBHOIO
pacrnaga Ha4yMHaKT NOJNIHOCTLH COXPaHATLCA B
KpUctanin4eckomn peLlleTke MmHepana
(AP PY3nsa NpakTUYEeCKn npekpaLlaeTcs).



Mineral Closure Temperatures
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* LInpkoH — Hanbornee HageXHbI MUHEpPAn-
reoxpoHomeTp. Okono 70% Bcex 4aTUPOBOK
BbINosiHAeTcAa U-Pb MeTo4oM Mo LMPKOHAaM.
[TpnmepHOo 15% - Sm-Nd meTtogom. OcTanbHbIe

METOAbl B CyMMe He npeBblwatoT 15%. ([JaHHble
LIV BCETEWN).

 [laTnpoBaHMe ocago4HbIX Nopoa —
nccrnegoBaHue LMPKOHOB U3
nepecnanBaroLLnxca TydoB (Takke KCEHOTUM U3
Ocago4HbIX nopoa).



Haoronno-reoxpmugeckne (regernvueckne)

(BozMoxHOCTH B TPelo

METOARI H H3OTONHOE AATHPOBEAHEE

B K 00 pasian)
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VISOI101I1RO-1COAVIMVIMCUROC VMICULIICLAOBaARVIC
MeTeopuTa

* NflokanbHoe U-Pb gaTtunpoBaHue anatuTa in situ

| 4452 +21Ma
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VISOI101I1RO-1COAVIMVIMCUROC VMICULIICLAOBaARVIC
MeTeopuTa

* NflokanbHoe U-Pb gaTtunpoBaHue anatuTa in situ

SHRIMPI[Z &k AChelyabinskf&H O E 741
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1) KERXEXFREBEEHEEFTHBREPER, 2) [EBXPEXEREEHZEEL 3)Institute of Precambrian Geology and Geochronology,

1) Osaka University, Department of Earth and Space Science, 2) Guraduate school of Science, Hiroshima University, 3)Institute of Precambrian Geology and Geochronology,
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VISOI101I1RO-1COAVIMVIMCUROC VMICULIICLAOBaARVIC
MeTeopuTa

* Pb-Pb N30XPOHHLIN MEeTOA MO BbilLlenoKkam

Large Meteorite Impacts and Planetary Evolution V (2013) 3087.pdf

PB-PB CHRONOMETRY OF THE DARK MELT LITHOLOGY OF THE CHELYABINSK LL
CHONDRITE. A. Bouvier, University of Minnesota, Department of Earth Sciences, Minneapolis, MN 55455,
USA (abouvier@umn.edu).
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VISOI101I1RO-1COAVIMVIMCUROC VMICULIICLAOBaARVIC
MeTeopuTa

* Bpemsi pacrnaga matepuHCKOro Tena MeteopuTa
«HenabuHck» (BO3pacT 9KCrno3numnm) oLeHEHO Mo
coep>KaHMIO KOCMOIEHHbIX HYKIMAO0B
NpPMONnU3NTENBHO B 1.2 MIH. NET

COSMOGENIC RADIONUCLIDES AND NOBLE GASES
IN CHELYABINSK METEORITE.

K. Nishiizumi', M. W. Caffee*, L. Huber’, K. C. Welten' and R.
Wieler’. 'Space Sciences Laboratory, Univ. of California, Berke-
ley, CA 94720-7450, USA. E-mail: kunmi@ssl.berkeley.edu.
“Dept. of Physics, Purdue Univ., West Lafayette, IN 47907-1396,
USA. °ETH Ziirich, CH-8092, Switzerland.

phase as shielding indicator [e.g..5]. A very approximate *°Cl-
“INe age is ~1.2 Myr. Based on our preliminary data we con-
clude that the exposure age of Chelyabinsk 1s much shorter than
most LL chondrites, which have an exposure age distribution
with a ~15 My peak [6]. Our prelimimnary exposure ages place
Chelyabinsk near that of Appley Bridge, an LL6 with the shortest
exposure age of all LL chondrites, 1.2 Myr [7]. Assuming a pre-
atmospheric size of ~10 m, we estimate that the three samples
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IT'EOXMMUA
VIK 552.63
Sm—Nd-BO3PACT U TEOXUMUA MUHEPAJIOB METEOPUTA
“QEJIABUHCK”

© 2013r. E. C. bBoromoaos, C. I'. CKy0.,10B, uien-koppecnonaent PAH Q. b. Mapun,
C. IO. CrenaHnos, A. B. AHTOHOB, O. JI. Ia/1aHKMHA
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TEOXHUMHA, 2013, Ne 7, c. 580—598

PE3VYJIBTATbI BEHIECTBEHHOI'O AHAJIN3A METEOPUTA YEJIABNHCK
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H. H. KononkoBa, . A. Pomuna, B. A. Anekcees, JI. JI. Kamkapos,
1. 1. bagokos, B. C. CeBacTbsIHOB
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IT'EOXNUMUA

YIIK 552.63

U—-Pb-BO3PACT IUPKOHA U NCTOPUA
NMITAKTHBIX ITPEOBPA3OBAHUI METEOPUTA “YEJIABMHCK”

© 2015r. C.TI. Ckyoaos, H. C. I'yceBa, C. JI. IIpecnsakos, C.-X. JIu,
yren-koppecnonaent PAH FO. b. Mapun, C. A. Ceprees,
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0.142
a
0.140 }
0.138 }
0.136 3epHo Ne 1
4 To4kM (Kpome T. 3)
KoHkopaaHTHbIN
0134 } BO3pacT
834 + 7 mnH. net
CKBO =5.8
0.132 .
1.14 1.18 1.22 1.26 1.30 1.34
0.64 6
3epHo Ne 2 e
5 Touek (kpome 2 u 2re) e
060 r BepxHee nepeceyeHue
Anckopanm
2744 + 34 mnH. net 920
056 h CKBO =2.7
g
b
a2 3epHo Ne 2
S 052 2 TouKM (2 1 2re)
KoHkopaaHTHbIN
BO3pacT
o | . 2861 + 15 mMnH. net
// CKBO =4.3
0.44
12.5 135 145 15.5

.38

1.5

16.5

06

04

0.2

0.0

/50/00
2600

7
e
7

2200 -7
7 3epHa Ne 11 2

- 9 Tovek
- BepxHee nepeceveHune
anckopanm
o 2744 + 13 MnH. net
HwxHee nepecevyeHne
anckopanm
8 842 + 6 MNH. net
CKBO =1.6

0 4 8 12 16 20

207P b I235U

2861 + 15 Ma

2744 + 13 Ma

834 +7 Ma



BbIBOAbI

BnepBble pekoOHCTpYynpoBaHa NocneaoBaTenbHOCTb
MHOIOKPaTHbIX MMMAaKTHbIX COObITUI (CoyaapeHunii)
MaTEepPUHCKOro Tena meteoputa «4enabuHCK» C UHbIMU
KOCMMUYECKNMW TENaMMW.

[laTnpoBaHune U-Pb meTogom anartuTa in situ gano
3Ha4yeHune Bo3pacTa ~ 4450-4430 Ma, oTcTatoLlee oT
cobbITns obpasoBaHust MeTeopuTa bornee 4em Ha 100
Ma.

CunbHOE MMNAaKTHOE CODbLITUE CO 3HAYUTENBbHbLIMU
nepennasneHnemM Mmeteoputa ukcmpyertca Sm-Nd
n3oxpoHoun no Ol, Opx 1 Tro ¢ BO3pacTom ~3730 Ma.

[aTtnpoBaHue 2 3epeH Zrn (SIMS SHRIMP 1),
BblOeNeHHbIX Mo TEXHONOMMnM “ppm-mMmnHepanorus),
onpenenuno rpynny so3pacTtos (~ 2860, 2740 n 830 Ma),
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OCOBEHHOCTHU MUHEPAJIBHOI'O U TEOXUMHNYECKOI'O COCTABA
METEOPHUTA “YHEJIABUHCK”
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YUTEIbHO CHJIMKaTaMH. B YCPHBIX (I)paFMCHTaX MCTCOpHUTa Ha6nro,zxa}orc51 YAapHBIC IIPOKUJIKH U BCTBAIIIHC-
ciAa CYJIB(l)H,I[Hble MHUKPOIIPOKHUIIKH, O6pa'3OBaBU_IH€CH B PE3YJIbTATC TPEX S5TAIIOB HMIIAKTHOI'O BO3JICHCTBHUS, KO-
TOPBIC COIIPOBOKAAIMUCH ITOJIHBIM HJIH YaCTUYHBIM IIaBJICHUCM MCTCOPHUTHOI'O BCIICCTBA. Bo (l)pal"MeHTaX ce-

Impact history of the Chelyabinsk meteorite: electron microprobe and LA-
ICP-MS study of sulfides and metals

A.V. Andronikov*, .LE. Andronikova, D.H. Hill
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involvement of shock-related processes during the evolution of the parent body. Multiple heavy
impact events occurred on the parent asteroid and on the Chelyabinsk meteoroid itself over the

time period from ca. 4.5 Ga until ca. 1.2 Ma. The shock veins were produced in situ on the parent
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