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Introduction: The Hayabusa2 mission returned approximately 5.4 g of highly aqueously-altered material resem-
bling the CI (Ivuna-type) chondrites from the C-type asteroid Ryugu [1,2]. In order to understand the timing and
duration of aqueous alteration which occurred on the Ryugu parent body, we measured the 53Mn-53Cr (ty2 = 3.7 Myr)
ages of carbonates in two Ryugu particles, AO037 and C0009. We then use these carbonate formation ages to constrain
the accretion time and size of Ryugu’s parent body.

Methods: The *Mn*/%2Cr* and 53Cr*/52Cr* ratios of Ca-carbonate, dolomite, and breunnerite from particles AO037
and C0009 were measured using the CAMECA ims-1290 ion microprobe at UCLA. Analyses were performed using
a 1 nA 05 beam generated by an Oregon Physics Hyperion-1I plasma ion source [3]. An MRP of ~5500 was used
to separate 52Cr* from 2Si**Mg* and 5Cr* from 2CrH*. Analysis spots were presputtered using an 8 x 8 or a 4 x 4
pm raster to remove surface Cr contamination before reducing the raster to 5 x 5 or 2 x 2 um for analysis. The effective
spot size was approximately 8 x 10 um?.

The instrumental mass fractionation for the Cr isotopic ratio was corrected by comparison to repeated measure-
ments of a terrestrial dolomite with trace amounts of Cr. The relative sensitivity factor (RSF) between Mn and Cr is
defined as RSF = (**Mn / 52Cr)tre / (*°*Mn / 52Cr)sims and was determined using a combination of San Carlos Olivine
and ion-implanted calcite, dolomite, and breunnerite standards.

Results: The inferred initial 53Mn/>*Mn ratios for Ryugu carbonates are 6.8 + 0.5 x 108 (MSWD = 0.7) for A0037
dolomite and 6.1 = 0.9 x 10 (MSWD = 0.3) for C0009 dolomite, Ca-carbonate, and breunnerite (all errors 2SE).
When these ratios are calibrated relative to the initial *Mn/**Mn of the D’Orbigny angrite [4], an ‘anchor’ sample
with a well-defined Pb-Pb crystallization age [5,6], we calculate that A0O037 and C0009 carbonates formed at 4566.9
+ 0.4 Ma and 4566.3 + 0.4 Ma, respectively—that is, within the first 1.4 Myr after the CAI ‘time zero’ age of 4567.3
Ma [7]. This is significantly older than inferred from previous studies of CI chondrites [8,9].

Discussion: These old carbonate formation ages stand in contrast to ages obtained from carbonate in CI chondrites,
most of which were thought to have formed 4-6 Myr after CAl formation [8,9]. We attribute this difference to our
use of matrix-matched standards for the dolomite and breunnerite analyses. Had we corrected measured Mn*/Cr* using
a relative sensitivity factor derived only from analyses of calcite, we would have obtained ages of 3.0 Myr and 3.5
Myr after CAl formation for A0037 and C0009 carbonate respectively.

Size and timing of accretion of the Ryugu parent body. Formation of carbonate within the first 1.4 Myr after CAl
suggests a significantly different formation scenario than the large (>50 km) parent bodies accreting ~3-3.5 Myr after
CAI which had been previously inferred for the parent bodies of CI chondrites [8,9]. Early accreted parent bodies
would have had a high abundance of %Al to drive water loss or even silicate melting and chemical differentiation if
they cannot effectively conduct heat away by radiation. By modeling parent bodies accreting as mixtures of 50%
chondritic material and 50% water ice, we find that parent bodies accreting before 1.4 Myr must be smaller than ~17
km in diameter for the internal temperature to remain below 400 K and avoid water loss. Alternatively, Ryugu material
could have been formed in a larger progenitor body which was disrupted by impact before reaching peak temperatures.
This multi-stage scenario is supported by petrographic and shock characteristics observed in Ryugu particles [10,11].

References: [1] Yada T. et al. (2022) Nature Astronomy 6: 214-220. [2] Ito M. et al.(2022) Nature Astronomy
(accepted). [3] Liu M.-C. et al (2018) International Journal of Mass Spectrometry, 424: 1-9. [4] McKibbin S. J. et al.
(2015) Geochimica et Cosmochimica Acta, 157: 13-27. [5] Amelin Y. (2008) Geochimica et Cosmochimica Acta 72:
221-232. [6] Brennecka G. A. and Wadhwa M. (2012) PNAS 109: 9299-9303. [7] Amelin Y. et al. (2010) Earth and
Planetary Science Letters 300: 343-350. [8] Fujiya W. et al. (2013) Earth and Planetary Science Letters 362:130-142.
[9] Visser R. et al. (2020) Earth and Planetary Science Letters 547: 116440. [10] Yamaguchi A. et al.(2022) LPSC
LI, Abstract #1822. [11] Tomioka N. et al.(2022) LPSC LI, Abstract #1710.



