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Introduction: Carbonaceous chondrites are thought to be derived from C-type asteroids, and represent some of 

the most primitive materials found within our solar system. Furthermore, carbonaceous chondrites can contain large 
concentrations of volatile elements, and so may have played a crucial role in delivering volatiles and organic materi-
al to Earth. However, a major challenge of unraveling the volatile composition and alteration history of all meteor-
ites is distinguishing between what features were inherent to the parent body, and what may have been induced by 
terrestrial weathering. Recently, the JAXA-led Hayabusa2 mission returned to Earth in December 2020, carrying 5.4 
g of material collected from the C-type asteroid (162173) Ryugu [1], providing a unique opportunity to analyze 
material that originated from a carbonaceous asteroid without complications arising from terrestrial contamination. 
Here, we present the nitrogen and noble gas composition of 2 Ryugu grains analyzed at CRPG Nancy. We examine 
the composition of Ryugu in the context of other known carbonaceous chondrite groups and discuss the potential 
new insights into alteration processes occurring on the chondrite parent bodies and the terrestrial environment.  

Experimental: Grains A0105-05 (0.140 mg) and C0106-06 (0.168 mg) were collected from the first and second 
touchdown operations, respectively [1]. Samples received at CRPG were opened in a glove box under a dry nitrogen 
atmosphere to avoid the samples being contaminated or altered by the terrestrial atmosphere. The samples were then 
loaded into a double windowed laser chamber and attached to the ultra-high vacuum line. The laser chamber was 
baked at ~120°C for 48 hours and then pumped for a further 3 days to ensure the blanks were low. Nitrogen and the 
noble gases were extracted from the grains using a CO2 laser, with the noble gases being purified and cryogenically 
separated prior to analysis. A sub-aliquot of the extracted gas was taken during each step for nitrogen analysis, 
which was purified separately using a CuO furnace cycled between 450 - 900°C and liquid nitrogen cooled cold 
fingers. Sample A0105-05 was analyzed for He-Ne-Ar-Kr-Xe and N2 isotopes using a Helix MC+ mass spectrome-
ter. Sample C0106-06 was analyzed for Ne-Ar and N2 isotopes using a Noblesse-HR mass spectrometer. 

Results and Discussion:  The concentrations of primordial noble gases (22Netrap, 36Ar, 84Kr and 130Xe) extracted 
from the Ryugu grains are all in excess of the average CM and CI chondrite values [2,3], suggesting that Ryugu may 
represent one of the most primitive volatile-rich examples of carbonaceous materials. The 36Ar/130Xe and 84Kr/130Xe 
of grain A0105-05 are very similar to phase Q, with no evidence for the presence of an atmospheric component or 
implanted solar wind, which can be common in CI and CM chondrites. This highlights that the handling procedure 
successfully limited any modification of the samples by interactions with the terrestrial atmosphere. The Ar, Kr and 
Xe isotope signatures of Ryugu are also dominated by phase Q. However, the 134Xe/130Xe and 136Xe/130Xe of all 
temperature steps are significantly in excess of phase Q, likely highlighting a contribution of presolar Xe-HL. 

The N concentration measured in grains A0105-05 and C0106-06 was 885 ppm and 858 ppm, respectively, 
which in contrast to the noble gases is lower than the range previously measured in CI chondrites (1600 - 2300 ppm; 
[4-6]) but within the range previously reported for CM chondrites (500 - 1700 ppm; [6]). The δ15N ratio of A0105-
05 and C0106-06 was +18.1 ± 0.9 and +19.5 ± 0.9 ‰ respectively. These values are once again significantly lower 
than those of typical CI's, which display values around +45 ‰ [4-6] but within the range of CM chondrites (+10 to 
+55‰ [6]). The noble gas to nitrogen ratio of the Ryugu grains therefore appear significantly higher than CI and 
CM, and coupled with the difference in δ15N, indicates that the Ryugu grains analyzed at CRPG do not perfectly 
match the composition of previously analyzed CI and CM chondrites. Potential reasons for these differences will be 
discussed in detail but may include; (i) the loss of a 15N-rich component from Ryugu during alteration that did not 
occur on the CI and CM parent bodies or, (ii) Ryugu and the CI/CM parent bodies accreted volatiles from different 
cosmochemical sources. 
Acknowledgements:  This work was supported by the European Research Council (PHOTONIS Advanced Grant # 
695618 and VOLATILIS Starting Grant 715028) and by the Centre National d’Etudes Spatiales (CNES). 
References:  [1] Yada, T. et al., (2022) Nat. Astron., 6, 214-220. [2] Okazaki, R. et al., (2022) In review [3] Mazor, 
E. et al., (1970) Geochim. Cosmochim. Acta, 34, 781-824. [4] Kerridge, J.F., (1985) Geochim. Cosmochim. Acta, 
49, 1707-1714. [5] Pearson, et al., (2006) Meteorit. Planet. Sci., 41, 1899-1918 [6] Alexander, et al., (2012) Science, 
337, 721-723. 

6159.pdf85th Annual Meeting of The Meteoritical Society 2022 (LPI Contrib. No. 2695)


