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The Hayabusa2 mission conducted two sampling sequences on the Cb-type asteroid Ryugu and brought 5.4 g of the
asteroidal materials back to Earth. The initial analyses found that Ryugu samples are dominated by minerals that experienced
extensive aqueous alteration in the parent body and are related to CI (Ivuna-like) carbonaceous chondrites [1]. To further
investigate the origin of the materials that accreted to form Ryugu and chemical processes that affected these materials after
accretion we examined the isotopic compositions of the siderophile elements Os and Mo. Eleven '¥70s/!%0s ratios were
obtained from bulk Ryugu samples (A0106-A0107, and C0108 from both sampling locations) using N-TIMS (Triton Plus) at
Tokyo Tech. A composite sample of four bulk Ryugu samples that were combined (A0106-A0107, A0106, C0108, and C0107
from both sampling locations) was dedicated for the determination of the Mo isotopic composition of the composite using MC-
ICP-MS (Neptune Plus) at UMd.

The bulk Ryugu samples have uniform '370s/!%30s ratios, averaging
0.1264 + 0.0005 (2SD, n = 11) (Fig. 1), which is consistent with the
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Re and Os by aqueous alteration that occurred on the Ryugu parent body. 0.126 %
Given the sample size for one analysis (0.4—1.1 mg), the Re/Os
homogenization would be achieved even on a small scale.
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The composite bulk Ryugu sample analyzed for Mo is characterized by Ryuguaverage  CI  CC  EC  OC
positive £ Mo values (Mo = [((M0/**Mo0)sample/((M0/*M0)standara — 1] x10%) (n=11, 25D)
for Mo, **Mo, *Mo, and *"Mo, consistent with a deficit of s-process Mo . . . .
] . ) ’ ) ) Figure 1. Os isotopic composition of Ryugu
isotopes (Fig. 2). Previous studies have shown that Mo isotopic data for  materials and chondrites. Reference data are from

carbonaceous (CC) and non-carbonaceous (NC) meteorites define two  [2]. The error bars reflect the range of isotopic
compositions measured for each category (Ryugu:

separate linear trends on the £°Mo-¢**Mo diagram (e.g., [4]). The Ryugu 2SD: Chondrites: 1SD)

sample plots on the CC line (Fig. 3), which is consistent with the
observation that Ryugu samples are also characterized by CC-type £°Ti—
e*Cr isotopic systematics [3]. The &**Mo and £”*Mo values for the
composite Ryugu sample are larger than those of any known bulk carbonaceous chondrites including Cls (Fig. 3).

There are at least three possible explanations for the large s-process deficits in the Ryugu sample. First, the measured Mo
isotopic composition might accurately reflect the composition of the bulk asteroid. In this case, it would suggest that Ryugu
formed from a nebular region with a Mo isotopic composition that differed from that of the limited number of CI chondrites
analyzed for Mo to date. This would be in conflict with the evidence from the lithophile Ti and Cr isotopic compositions.
Second, Mo isotopes might have been heterogeneously distributed on the asteroid Ryugu. In this case, the Mo isotopic
composition obtained from the ~70 mg of Ryugu material analyzed may not represent the bulk composition of the asteroid, and
may instead reflect the redistribution and concentration of strongly s-process depleted Mo by aqueous processes. Third is
incomplete dissolution of presolar SiC grains during the acid digestion steps, given that SiC grains are resistant to dissolution
by the acid digestion techniques applied for this measurement. SiC is characterized by s-process-enriched compositions [e.g.,
5]. A leachate study on Orgueil found that incomplete digestion creates anomalies in Mo isotopic composition [6]. Thus, the s-
process deficit may reflect an absence of the SiC component contribution to the bulk composition.
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