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Introduction: Understanding how metasomatic processes have affected the primary phases in Ca-Al-rich Inclu-

sions (CAIs) provides important information about the earliest stages of Solar System evolution. CAIs are the oldest 
dateable solids in the Solar System [1], but secondary alteration effects have been observed in many CAIs from car-
bonaceous chondrites of petrologic type 3 [2–4]. The extent of alteration of CAIs in the CO chondrites is generally 
correlated with the petrologic subtypes [3–4]. Hercynite-rich ((Mg, Fe)Al2O4) CAIs are commonly observed in CO3 
chondrites of petrologic subtype ≥ 3.2 [3–5]. These inclusions are thought to have formed via Mg-Fe exchange on 
primary spinel during thermal metamorphism in the chondrite parent bodies, but whether the oxygen and magnesium 
isotopic compositions of spinel would be affected by secondary processes remains poorly known. Here we present the 
results of petrological characterizations, oxygen and magnesium isotopic compositions of hercynite-rich inclusions in 
order to better understand the effects of secondary processing. 

Sample and analytical methods: Seventeen CAIs studied were identified in a polished thick section of the CO3 
chondrite Northwest Africa (NWA) 2187. The petrographic observation and chemical analysis were performed by 
scanning electron microscopy (SEM, Tescan Vega) equipped with an energy dispersive spectrometer (EDS) and a 
JEOL JXA-8200 electron microprobe at UCLA. The oxygen and Al-Mg isotope analyses were carried out on the 
UCLA CAMECA ims-1290 ion microprobe in multicollection mode. The CAIs were measured with a ~40–50 pA 
focused Cs+ beam for oxygen isotopes and a ~1–2 nA 16O3− primary ion beam generated by a Hyperion-II oxygen 
plasma source for Al-Mg isotope analyses.  

Result and discussion: Seventeen hercynite-rich CAIs studied here can be classified into two types based on the 
mineralogy: (1) hercynite-rich inclusions and (2) hercynite-hibonite inclusions. Fourteen hercynite-rich inclusions, 
100–300 µm in size, are irregular in shape, and consist largely of an irregular core of hercynite. The hercynite com-
position is heterogeneous within the thick section and shows a variation in Fe content (Fe# (100 ´ molar Fe/(Mg + 
Fe) = 42–53). One hercynite-rich inclusion has a Fe–Mg chemical zoning (Fe# = 20–32) within a grain. Alteration 
products, composed of fine-grained nepheline/sodalite, ilmenite, sulfide, and an unidentified silicate, sometimes can 
be found around the periphery of hercynite gains and in their interior. Occasionally, Al, Ti-diopside is present as a 
phenocryst or overgrowth on a hercynite. The rim of the hercynite-rich inclusions is a continuous or discontinuous 
layer of Ti-free Al-diopside. In hercynite-hibonite inclusions (100–200 µm in size), the chemical compositions of 
hibonite are consistent with those in pristine CO 3.0 chondrites [6]. The oxygen isotopic compositions of all hercynite 
inclusions are 16O-rich (D17O ~ – 21–24‰), similar to the compositions in pristine spinel [7], and do not show any 
systematic relationship with the Fe content. The hibonite in the hercynite-hibonite inclusions is also 16O-rich, with 
D17O ~ – 22–24‰. The results suggest that the oxygen isotopic compositions may not have been much affected during 
the transformation from spinel to hercynite. Hercynite with Fe# ≤ 45 still contains resolvable 26Mg excesses, (d26Mg* 
~0.6–1.0‰), corresponding to initial (26Al/27Al)0 = 2.0–3.9 ´ 10–5 (inferred via model isochrons). In comparison, 
hercynite grains with Fe# > 45 show little or no excess. d25Mg in hercynite is positively fractionated, ranging from 2.2 
to 4.7‰, which we infer resulted from Fe-Mg diffusive exchange on the parent body rather than from melting of their 
precursors in the solar nebula based on the irregular shape. There are two possible explanations for the resolved 26Mg 
excesses in some hercynite grains. The first is that Fe-Mg exchange in the parent body did not completely erase the 
fossil records of 26Al in precursor spinel due to a limited reaction time (e.g., much shorter than 0.3–1.5 ´ 107 years 
required to re-equilibrate the Mg isotopes in a 200 µm-sized spinel/hercynite at the parent-body metamorphism tem-
peratures (up to 500 ℃)). The second explanation is that hercynite formed early (0.3–1 Myr after CAIs) from precursor 
spinel. Since CO chondrite parent bodies are thought to have accreted 2–3 Myr after CAIs, this explanation, if true, 
raises the possibility that a small fraction of hercynite may have formed in the solar nebula. 
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