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Introduction: The Hayabusa2 spacecraft provided
the first opportunity to investigate the diversity and
chemical states of prebiotic molecules from a carbona-
ceous asteroid. Sequential organic solvents, water, and
acid extraction of Ryugu samples were conducted to re-
veal the molecular diversity of CHNOS species [1]. Sol-
uble ionic compositions in the Ryugu and other carbo-
naceous chondrites are attributed to different aqueous
alteration effects in their parent bodies. Soluble ions act
as bulk electrolytes that stabilize surface charge and po-
tentially serve a specific structural or catalytic role. In
addition, astrobiology-relevant organic molecules po-
tentially present as salt forms which are less likely to be
lost to evaporation from the parent body. Therefore,
quantifying the major and trace ion compositions in wa-
ter-, acid-, and solvent-extracts of the surface material
of C-Type asteroid Ryugu would be critical to expand
our knowledge of the origin and alteration history of
prebiotic molecules in the solar system.

For this study, we conducted a sequential solvent ex-
traction of the samples collected at the first touchdown
site (A0106) and at the second touchdown site (C0107),
the latter of which may contain ejecta from the artifi-
cially-made impact crater. We aim at quantifying solu-
ble components: salts (via hot H20); ions bound to sol-
uble organic matter (via dichloromethane and methanol,
DCM/MeOH); exchangeable ions and highly soluble
minerals such as carbonates (via formic acid, HCOOH);
clays and residual soluble minerals (via hydrochloric
acid, HCI) [2]. In addition, four meteorites (CI1 Orgueil,
C2ung Tarda, CM2 Aguas Zarcas, and CM2 Jbilet Win-
selwan) were selected to compare a range of aqueous
alteration conditions.

Methods: Samples were extracted sequentially
with the solvents above. After the extraction processes,
anion and cation concentrations were measured by an
ion chromatograph Metrohm 930 Compact IC Flex
(Metrohm AG, Herisau) [3]. For cations, the samples
were eluted through a Metrohm Metrosep C6-250/4.0
column with HNOs; (TAMAPURE AA-100, Tama
Chemical). Anions were measured with a Metrohm

Metrosep A Supp4-250/4.0 column with a chemical
suppressor module with the mobile phase consisted of a
mixture of Na>COs3 and NaHCO; (Kanto Chemical, To-
kyo). The chemical suppressor module (Metrohm
MSM) was used to decrease the background conductiv-
ity of the eluent and to transform analytes into free ani-
ons. The column temperature was set at 35 °C through-
out the analysis. Detection of cations and anions was ac-
complished by electrical conductivity.

Trace element concentrations were measured by
quadrupole inductively coupled plasma mass spectrom-
etry (iCAP Qc, Thermo Fisher Scientific, Waltham). 0.3
M HNOs was added to each vial to dilute the samples.
The HNOs used in this study were commercially sup-
plied high-purity TAMAPURE AA-100 reagents (Tama
Chemical, Japan). We added internal standards (Be, Sc,
Y, and In) to correct the instrumental drift to HNOs.

Results and Discussion: The major cation of
Ryugu H2O extracts are composed mainly of Na. The
H2O extracts of Orgueil have a Mg concentration of
>22 times those of the Ryugu samples, which is also
characterized by its high sulfate concentration. These
characteristics likely reflect a clear difference in salt
mineralogy and different degrees of aqueous alteration.
The DCM/MeOH fraction had much less solutes for all
samples. A considerable variation in solute composi-
tions was found in the HCOOH extracts of the Orgueil,
Tarda, and Aguas Zarcas, and Jbilet Winselwan, sug-
gesting the variable extent of precipitation of highly sol-
uble minerals and ion exchange processes. The Ryugu
HCOOH extracts are characterized by intermediate
composition. The HCI extracts were generally more en-
riched in Mg and Fe. Their Mg, Ca, Na and K composi-
tions lie close to that of the cosmic abundance. In addi-
tion, the solute concentrations in the Ryugu HCI extracts
are generally smaller among our meteorite samples,
probably due to less abundant HCI-soluble minerals in
the Ryugu samples.

There is increasing interest in the role of minerals
and metals in the evolution of meteoritic organic matter
[4] and in the role of salts in primitive bodies [5]. From
this point of view, elucidation of the inorganic
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constituent released during organic extraction steps is
key information for catalytic effects, stabilization of

macromolecules via metallic elements.
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