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Introduction: Amoeboid olivine aggregates (AOAs) are the most common type of refractory inclusions in CM, 

CR, CV, CO, and CH carbonaceous chondrites and consist of forsterite, metal, and Ca-Al-rich inclusions (CAIs) [1, 
2]. Thermodynamic calculations and O isotope measurements suggest that AOAs formed in a similar region to CAIs 
[2, 3] and may represent an intermediate stage between the formation of CAIs and chondrules [4]. The Cr isotopic 
compositions of bulk meteorites, chondrules, and CAIs have proven instrumental in assessing the spatial and temporal 
relationships between early-formed solids in the Solar System [e.g., 5–9]. Existing Cr isotope data for AOAs, however, 
is restricted to a single sample [10] to our knowledge, limiting our understanding of the diversity within the AOA Cr 
isotopic reservoir, the relationship between AOAs and other meteorite constituents, and the formation of early Solar 
System isotopic reservoirs. In this study, we analyzed the mass-independent Cr isotopic compositions of eight AOAs 
from four CV3 chondrites (Allende, Northwest Africa (NWA) 3118, NWA 12675, and NWA 12180).  

Methods: AOAs were identified and first analyzed using a JEOL JXA-8530F EPMA for compositional mapping 
and spot analyses via wavelength dispersive X-ray spectrometry (WDS). AOAs were extracted from meteorite slabs 
using a New Wave Research MicroMill, digested on a hot plate in a mixture of pure HF and HNO3, and then digested 
in Parr digestion vessels in a 2:1 mixture of HF and HNO3 at 190 ºC for 4 days. Elemental abundances were measured 
using a Thermo Scientific iCAP Q ICPMS. Cr was purified from the samples in a three-column procedure [11]. Cr 
isotopic compositions were measured using a Thermo Scientific Triton XT TIMS and are reported relative to the NIST 
SRM 979 Cr isotopic standard with the data corrected for instrumental mass fractionation using an exponential mass 
fractionation law and a 50Cr/52Cr ratio of 0.051859 [12].  

Results: The AOAs studied here are variable in shape from round to oblong and measure from ~3–15 mm along 
their long axes. They primarily consist of forsterite (Fa5-20), and some contain CAIs up to 1 mm in size. All AOAs 
studied here exhibit unfractionated rare-earth element (REE) patterns (~1–10 x CI). The range of e54Cr compositions 
(3.39 ± 0.28 to 7.73 ± 0.40) is nearly identical to the range reported for CAIs, while the e53Cr compositions (–0.02 ± 
0.10 to 0.73 ± 0.20) are more positive than those reported for CAIs [5, 13–15]. 

Discussion: The bulk compositions and mineralogies of these AOAs are consistent with previous interpretations 
of formation as aggregates of solar nebular condensates [e.g., 2, 4]. The e54Cr compositions suggest that AOAs and 
CAIs formed in a common isotopic reservoir, which is consistent with O isotope analyses of AOAs [3]. The more 
positive e53Cr values of the AOAs compared to CAIs could be indicative of cosmogenic effects, nucleosynthetic mix-
ing, or a difference in formation time. Previous Cr, Ti, and O isotope data suggest that AOA-like material was present 
in carbonaceous chondrite (CC) chondrule precursors [e.g., 8, 9, 16, 17], although open system exchange of O and Si 
during melting may be necessary to fully explain such a scenario [e.g., 4, 8]. The CAI-like isotopic composition and 
less refractory chemical composition of AOAs [18] also suggests that these objects may play a significant role in the 
range of compositions observed for the various CC meteorite groups in e50Ti vs. e54Cr isotope space [9] because 
mixing lines between NC and AOA/CAI isotopic compositions would have distinct shapes depending on whether an 
AOA or CAI chemical composition is used. Although a single previous Cr isotopic measurement of an AOA and the 
assumption of CAI-like isotopic compositions have been used in previous models, the new data reported here provide 
additional constraints on the AOA isotopic reservoir and provide a clearer understanding of the range of Cr isotopic 
compositions that should be considered for mixing models.  
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