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Introduction: CAIs enriched in Zr, Sc and Y provide impor-
tant records of the highest temperature processes in the early so-
lar nebula [1−4]. We recently reported mineralogy, petrography, 
and O-isotope compositions of two complex refractory inclusions 
consisting of normal (Type B, CTA, or FTA) CAIs and Zr-rich 
CAIs (which probably are ultrarefractory) composed of Zr,Sc-
rich pyroxenes, Zr-Y-Sc oxides, and Y-rich perovskites, 3N-24 
from NWA 3118 and 33E-1 from Efremovka [5]. In both Zr-rich 
CAIs, the Zr,Sc-rich pyroxenes, the Y-rich perovskites and the 
Zr-Y-Sc-oxides are depleted in 16O (Δ17O ~ −3±2‰), whereas 
the co-occurring Al,Ti-diopside and spinel are 16O-rich (Δ17O 
~−23±2‰) [5]. In this regard 3N-24 and 33E-1 differ from an 
ultrarefractory CAI “Romulus” from the CM chondrite Murchi-
son [4] that is uniformly 16O-rich (Δ17O ~ −20‰). In order to bet-
ter understand this enigmatic dichotomy of O-isotope composi-
tions in 3N-24 and 33E-1, we performed detailed spot analyses of 
the Zr,Sc-rich pyroxenes in 3N-24 along a profile outward from 
the Zr-Y-Sc-oxides into the enclosing Al,Ti-diopside to explore 
potential correlations between pyroxene isotopic and mineral 
chemical compositions. 

Results and Discussion: In 3N-24, the Zr,Sc-rich pyroxenes 
form the halo around the Zr-Y-Sc-rich oxides intergrown with Y-
rich perovskite. The pyroxenes have positive Zr-Sc, Zr-Y, and 
Zr-Hf correlations, and show a systematic change in Δ17O value 
from 16O-poor to 16O-rich and decreasing Zr, Sc, and Y contents 
with increasing distance from the Zr-Y-Sc oxides. However, 
chemical and O-isotope compositions of the pyroxenes appear to 
be decoupled. There is a sharp (~5 µm) boundary between the 
16O-poor Zr,Sc-rich pyroxenes and the surrounding 16O-rich 
Al,Ti-diopside. Both types of pyroxenes enclose small (1−3 µm) 
spinel grains which are similarly 16O-rich (Δ17O ~ −22±3‰). 

In 33E-1, pyroxene in the core is highly enriched in Sc, Zr, Y 
and Hf, but correlations between these elements are not as clear 
as in 3N-24. Al-diopside from the rim of 33E-1 is more enriched 
in Zr, Sc, Y and Hf than that of 3N-24. As in 3N-24,  we ob-
served no correlation between O-isotope compositions of the 
Zr,Sc-rich pyroxene and their chemical compositions, although 
again the Zr,Sc-pyroxene in the CAI core is 16O-poor and the Al-
diopside in the rim is 16O-rich.  

We infer that the complex CAIs from Efremovka and NWA 
3118 recorded the multistage formation of refractory inclusions 
and the coexistence of 16O-poor (Zr-rich oxides, perovskite and 
Zr,Sc-rich pyroxenes) and 16O-rich (Al-diopside, spinel) solids in 
the early solar system [6]. The Zr, Y, and Sc-rich 16O-poor min-
eral assemblages in 3N-24 and 33E-1 appear to be relict; they 
were partially melted and mixed with material formed in an 16O-
rich environment. Oxygen-isotope exchange between the 16O-
rich and 16O-poor materials during this melting was very limited. 
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