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Formation age of planetesimal in the early solar system

(H AHER L2 HERS)

REFzeE dbiEE R JIIRF AT Hokkaido University — Noriyuki KAWASAKI

Determining the formation age of planetesimals is crucial for understanding the evolution of the early solar system.
We performed Mn-Cr and Al-Mg isotope systematics of minerals in the asteroidal materials sampled from the C-type
asteroid Ryugu by the JAXA Hayabusa2 spacecraft to constrain the formation age of the parent planetesimal of Ryugu.
We developed a multi-collection system for the secondary ion mass spectrometer that simultaneously counts the secondary
ions of *2Cr*, *Cr", and **Mn" to obtain high-precision Mn-Cr ages of the carbonate mineral, dolomite, in the Ryugu
sample. The measured Mn-Cr isotopic compositions for dolomite in the Ryugu first touchdown sample clearly show
isochronous correlation between >*Mn/**Cr and radiogenic **Cr. The mineral isochron gives an initial >*Mn/>*Mn of (2.55
+0.35) x 107%, corresponding to a relative age of 5.2 = 0.8 Myr after the formation of the first solids in the solar system
and an absolute age of ~4.562 Gyr. Furthermore, we found that dolomite grains in the Ryugu second touchdown sample
have a different initial >*Mn/>*Mn than those in the first touchdown sample, of (3.78 £ 0.34) x 10°°. A relative age between

the dolomites in the first and second touchdown samples is 2.1 = 0.9 Myr. Thermal modeling of the planetesimal would

be required to constrain the detailed accretion age of the parent planetesimal of Ryugu.
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1 Backscattered electron image of dolomite in the

Ryugu sample.
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sample. Data are taken from Yokoyama et al. (2023).

33Mn->3Cr isochron of dolomite in the Ryugu

3.NEERY 207D oY I NVERRY A MHE
31T B REBEF O RENRZ DR R,

FRSE 2HRERITNEKREY) 2 U ST EDH
v FH T HIT, B D A b ENTERY
TNVERRLE, M207—X 3 —EHOX vF 4
T A R BEIRLIEY T (AT O
Fe<A F2RIELEZLDOTHD, FxldEbig,
“EROXyFE YA FOY T (C T
) HIZEEND Fa~<A D Mn-Cr [RNZRHT 2
{To7, Mn-Cr #{LX LT, C 7o Rka~<A
=X, A U7V EITHLNCRARDEED
MElcyey hand (K3), CHor7Fro ke~
A b BSMnBCr TA VI EERTLHE, HIE
SSMn/*Mn Eeid (3.78 £ 0.34) x 106 & BfEdL b5,
&1L 210 + 90 HEDEREEZRL, CH
NORa<xA ML AV 71robolb 68 200

FTHEANIIEHR LT b D TH D Z LB BN o7,

FroCH T No e~ A ML, KGRk GOEA
CAL DIERD 5 310 + 50 THEZIEK LT b DO TH
DT LML 0T, MHERITHE T2 &4
45.64 AR L 70 D,

Rwe <A R & BEERGL O W RN RO E A5 7
(ZHESWIEBRFENMNREEF LY, A V7V R
0~ A NG R E L 37 £ 10°C (Yokoyama,
Kawasaki et al., 2023, Science), C V> 7L 92 +
21°CThoT- L REL b, INREV 207700

3600
(a) Ryugu

3200 1 €0002

(**Mn/55Mn), = (3.78£0.34)x10-6 .
2800 { §°3Cry =17134
MSWD = 0.4

2400

2000

S
O 1600 {
)
1200
800
(53Mn/5Mn), = (2.55£0.35)x10-5
400 1 93Cr, = 12429
MSWD =1.1
[]
-400 t + t
0 20000 40000 60000 80000 100000 120000
55Mn/52Cr
3 3Mn->*Cr isochrons of dolomite in the Ryugu

C0002 sample and A0058 sample. Data of AO058 sample
are taken from Yokoyama et al. (2023).
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4 Combined elemental map using Mg Ka, Si Ka,
and Fe Ka assigned for RGB color channels, showing
anhydrous primary minerals in Ryugu sample. Mineral
grains seen as yellow are olivine, one of the primary

minerals. Data are taken from Kawasaki et al. (2022).
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5 Al-Mg isotope compositions for hibonite and

spinel in Ryugu sample. Unpublished data.
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