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Introduction:  Chwichiya 002 is the largest of four 
recognized C3.00-ungrouped carbonaceous chondrites 
(hereafter C3.00-ung). Following its discovery in 2018 
near Saguia el Hamra in the Western Sahara, a total 
mass of 779 g consisting of many fragments, crusted 
stones and a 158 g stone have since been recovered [1]. 

 The Meteoritical Bulletin Database description of 
Chwichiya 002 [1] reports the presence of small, but 
well-defined, chondrules (480 ± 300 µm in diameter) 
with a dark matrix consisting of Fe-rich minerals 
occupying 74 vol% of the sample. Based on a weak H2O 
absorption band observed through IR transmission 
spectroscopy, and the absence of hydrous phases in X-
ray diffraction (XRD) patterns, it was suggested that 
Chwichiya 002 experienced minimal aqueous 
alteration. Furthermore, Raman spectra of polyaromatic 
organic matter reveals a sample that appears to be less 
heated than LL3.00 Semarkona [2]. 

While its oxygen isotopic composition lies in the 
field of CM chondrites, the larger diameter chondrules 
of Chwichiya 002 and apparent lack of aqueous 
alteration has led to its official classification as an 
ungrouped carbonaceous chondrite with a petrologic 
type 3.00.  

A recent study collected visible-near-infrared (VIS-
NIR) reflectance spectra from a polished section, 
powder, and raw material of Chwichiya 002 as part of a 
broader effort to constrain the relationships between 
asteroids and ungrouped/rare meteorites [3]. The spectra 
from raw material of Chwichiya 002 was found to most 
closely resemble that of Cg-type asteroids, while spectra 
from the powder and polished section most resembled 
B-type asteroids. This indicates a possible relationship 
between Chwichiya 002 and samples returned from C-
type asteroid 162173 Ryugu by Hayabusa2, and those to 
be returned from B-type asteroid 101955 Bennu by 
OSIRIS-REx in 2023. However, remote sensing of both 
asteroids indicates extensive aqueous alteration [4,5]. 
Comparison of Chwichiya 002 with the samples 
returned from the two aqueously altered asteroids may 
provide further insight into secondary processing on 
meteorite parent bodies. 

We have conducted both bulk and in-situ analyses to 
robustly characterize the mineralogy, petrology, and 
elemental compositions of Chwichiya 002. This work is 
part of a larger effort to study presolar grains and 
organics in carbonaceous chondrites potentially 
analogous to asteroid Bennu. 

Methods: We conducted coordinated in-situ 
measurements on two polished thin sections and bulk 
analysis of a 40mg aliquot of Chwichiya 002. 

Electron Probe Micro-Analysis (EPMA): We used 
the Cameca SX-100 Ultra EPMA in the Kuiper 
Materials Imaging and Characterization Facility 
(KMICF) at the University of Arizona for the initial 
characterization of the sample’s mineralogy and 
chemical composition. Overview back-scattered 
electron (BSE) images and X-ray maps of major 
component elements (e.g., Ca, Mg, Al, Fe) were 
acquired to understand the distribution of elements 
throughout each thin section (Fig. 1). Follow up 
quantitative chemical analyses were then done using a 
focused beam on well-defined minerals and a de-
focused (5 µm) beam for fine-grained material in 
locations identified from the X-ray and BSE maps.   

 Nanoscale Secondary Ion Mass Spectrometry 
(NanoSIMS): Mostly homogeneous areas of fine-
grained material were chosen to search for isotopically 
anomalous presolar grains and organics with 
NanoSIMS ion raster imaging. Using the Cameca 
NanoSIMS 50 at Washington University in Saint Louis 
(WUSTL), we acquired ion and secondary electron (SE) 
images of 11,700 µm2 of fine-grained material in a thin 
section of Chwichiya 002. A 12×12 µm2 area was first 
presputtered at each measurement location to remove 
the C-coating before acquiring the raster images. 
Individual ion images (256×256 pixels) of 
12,13C−,16,17,18O− and SE images were obtained in 

Fig. 1: A composite X-ray elemental map of Mg, Ca, and Al 
in Chwichiya 002 thin section #2 showing the sole CAI 
identified and a type I chondrule that is significantly larger 
than those found in the rest of the sample.  
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multicollection mode by rastering a Cs+ primary ion 
beam (~1 pA) over 10×10 µm2 within each presputtered 
area and acquiring between 7 and 9 frames for each 
region of interest. We used the L’Image software to 
process the data and produce ratio images (e.g., 12C/13C) 
that were used to identify anomalies with isotopic 
compositions differing from the surrounding material 
by at least 5σ. 

 Quadrupole- inductively coupled plasma mass 
spectrometry (ICP-MS): The bulk elemental 
composition of chips from Chwichiya 002 was 
measured using ICP-MS. An aliquot of ~40 mg was 
ground into powder and dissolved in a mixture of 
double-distilled HNO3 and HF on a hot plate at ~130 ℃ 
for one week. The sample was then dried and 
redissolved in concentrated HNO3 three times. Sample 
solutions were then prepared at dilution factors of 
~50,000 for major elements and ~5,000 for minor and 
trace elements. Each sample solution was run multiple 
times in the Thermo Fisher Scientific iCAP Qc 
quadrupole-ICP-MS at WUSTL to determine the bulk 
chemical composition of Chwichiya 002. 

Results: The chemical and textural EPMA data of 
Chwichiya 002 reveal a higher degree of aqueous 
alteration than initially reported in [1]. Sulfur-bearing 
silicate minerals (matches stoichiometry of tochilinite) 
are prominent throughout the sample and are found 
surrounding and within mineral grains and chondrules 
showing varying degrees of alteration (Fig. 2). Analyses 
of the matrix material using a defocused electron beam 
resulted in an average total of 80.1 ± 1.6 wt.% (SE, 
n=61), suggesting that the matrix is in fact hydrated. 

The EPMA measurements confirmed that the matrix 
predominantly consists of Fe-rich lithologies, with FeO 
ranging from 23.8 to 50.1 wt.% and average FeO = 32.0 

wt. % (SD, n=61). The same analyses showed MgO 
varying between 7.3 and 16.5 wt.% from an average of 
MgO = 11.3 wt.%. In comparison, the ICP-MS 
measurements gave a bulk composition of FeO = 29.3 ± 
1.0 wt.% and MgO = 18.5 ± 0.8 wt.%. 

Several isotopic anomalies were identified in the 
isotope ratio maps obtained from processed NanoSIMS 
data. In addition to six O-rich presolar grain candidates 
with enrichments in 18O (Group-4), a pair of 
neighboring anomalies with nearly identical C isotope 
compositions of 12C/13C = 85.61 ± 0.34 and 12C/13C = 
85.76 ± 0.33 were identified in a single image (Fig. 3). 
Further work is necessary to constrain the carrier(s) of 
these anomalies.   

Summary: Through EPMA study we found 
evidence that Chwichiya 002 experienced aqueous 
alteration. The presence of S-bearing hydrated silicate 
phases within visibly altered chondrules and mineral 
grains, in conjunction with probe analyses of the matrix 
averaging ~10 wt.% lower than the same measurements 
listed in the Meteorite Bulletin suggest that Chwichiya 
002 might have several lithologies with distinct degrees 
of aqueous alteration. 

The high FeO and low MgO content of the matrix 
relative to the bulk composition indicates that a 
significant amount of the total FeO is contained within 
the abundant matrix whereas the majority of MgO 
hosted in chondrules and olivine grains. 

Two isotopically anomalous areas (possibly 
organics) were identified in NanoSIMS ion images, 
along with six potential presolar grains. 

Ongoing work includes extracting electron-
transparent sections of the S-bearing silicates and the 
two potential C-anomalous organics for TEM analysis. 
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Fig. 3: Processed NanoSIMS images showing the 12C/13C 
and 16O/18O ratios and number of σ away from the average of 
the image. The red circles indicate the two anomalies. 

Fig. 2: BSE image of an altered chondrule in Chwichiya 002 
showing the different mineral phases identified with EPMA.  
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