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Introduction: NASA’s OSIRIS-REx mission re-
turned material from asteroid Bennu on September 24,
2023, marking the first time a U.S. mission has deliv-
ered asteroid samples to Earth, and the largest asteroid
sample return to date. Due to the pristine nature of
these primitive carbonaceous-rich samples [1], they
allow us a rare opportunity to study our solar system’s
formation to a degree not previously possible.

Isotopes of moderately volatile elements (MVES)
have been recently developed as robust tracers for
tracking different volatilization events within our Solar
System [2,3,4,5]. Of the MVEs, K has gained signifi-
cant interest in recent years due to its ideal chemical
and physical properties combined with technique im-
provements [4,5,6,7]. Due to this, several recent stud-
ies have investigated the K isotope systematics within
bulk chondrites and found an isotopic dichotomy be-
tween the carbonaceous and non-carbonaceous chon-
drites (Figure 1), likely reflecting their different reser-
voirs which formed in the inner and outer protoplane-
tary disk respectively [6,7]. Furthermore, systematic K
isotope variations across the different carbonaceous
chondrite groups and correlations with mass independ-
ent isotope systems such as Cr, Ti, and Ni, have also
been observed [7]. As a result, establishing the K iso-
tope composition of bulk Bennu can be used to test the
mission hypothesis that “Bennu’s parent asteroid ac-
creted in the outer protoplanetary disk, beyond Jupiter,
as recorded by distinct isotopic anomalies in a variety
of elements ™ [8].

In addition to early solar system processes, K iso-
topes can also be fractionated by space weathering as
shown by comparisons between mature and immature
lunar regolith [9]. The degree of K isotope fractiona-
tion caused by space weathering correlates with the
regolith maturity index and is an order of magnitude
larger than what is observed in bulk meteorite samples
which have not undergone strong space weathering
processes [9]. As such, the K isotope systematics of
Bennu samples could provide an independent assess-
ment of regolith maturity of the asteroid surface, help-
ing to directly test the mission hypothesis that “Space
weathering changed the chemistry and mineralogy of
optically active surfaces” [8]. In order to test both this

hypothesis, and the hypothesis relating to Bennu’s ac-
cretion location, we aim to conduct high-precision K
isotope analysis on bulk Bennu aggregates.

Samples: Potassium isotope analysis of Bennu ag-
gregates will be undertaken on sample OREX-803015-
0 (20.66 mg), which was separated from the parent
sample OREX-800033-0. This data will then be as-
sessed in relation to the range of chondrite samples
presented in [7].

Analytical Methods: Dissolution of the Bennu ag-
gregate sample was undertaken using concentrated HF
and HNOs at a 3:1 ratio, with HCI and H,0- also used
to remove fluorides and organics, respectively. The
planned K separation and analysis will be undertaken
following the procedures described in [7]. Briefly, the
K separation will be performed by means of a triple
pass column chemistry procedure using Bio-Rad
AG50W-X8 100-200 mesh cation exchange resin with
0.5 M HNOs3 used as the elution liquid. The K isotope
analyses will be conducted using a Thermo Scientific
Neptune Plus MC-ICP-MS equipped with an Ele-
mental Scientific APEX Q high sensitivity desolvation
system. The sample-standard bracketing technique will
be used for all analyses with NIST SRM 3141a used as
the standard. BHVO-2 will also analyzed alongside to
monitor data quality.

Results: Results and interpretation of the Bennu
aggregate K isotope data will be presented at the con-
ference. Nevertheless, elemental analyses of the Bennu
aggregate sample OREX-803015-0 has already been
completed and shows K elemental concentrations simi-
lar to the average CI chondrite, and thus solar photo-
sphere, composition [10]. As such, a comparison be-
tween the Cl chondrite average §*'K composition of
—0.21 + 0.05%0 (Figure 1) and the Bennu aggregate
will be of special interest.
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Figure 1. Mean K isotope compositions of all chondrite groups and classes for which data is available. The CI
chondrite §*'K value is shown as the red shaded area, while the bulk silicate Earth (BSE) K isotope composition is
shown as a grey shaded area. Errors shown are 2 SE. Figure reproduced from [7].
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