
Al-Mg SYSTEMATICS OF ULTRAREFRACTORY CAIs 

FROM CV3 CHONDRITES. C. Park1*, M. A. Ivanova2,3, K. 

Nagashima1, A. N. Krot1, G. J. MacPherson3.  1University of Ha-

wai‘i at Mānoa, USA. 2Vernadsky Institute, Russia. 3Smithsonian 

Institution, USA. *E-mail: ckpark@higp.hawaii.edu. 

Calcium-aluminum-rich inclusions (CAIs) with large enrich-

ment of the most refractory elements, complementary to group II 

rare earth element (REE) patterns, typically contain ultrarefracto-

ry (UR) minerals, including Zr,Sc-rich oxides, Zr,Sc,Y-rich py-

roxenes, and Y,Zr-rich perovskite [e.g., 1].  Since group II REE 

pattern can be explained only by condensation from a previously 

fractionated gas resulted from removal of refractory REEs [2], 

the UR CAIs provide important constraints on the mechanism 

(condensation vs. evaporation) and timing of UR element frac-

tionation in the solar nebula. Here we report on Mg-isotope data 

of two UR CAI-bearing inclusions, 3N from NWA 3118 (CV) 

and 33E from Efremovka (CV), previously studied for mineralo-

gy, petrology, and O-isotopes [1]. 

3N is a forsterite-bearing Type B inclusion enclosing ~30 

sub-inclusions of different types (A, B, C, and UR) [1,3]. One of 

the Type B CAIs, 3N-17, has a core-mantle structure. The core 

consists of pyroxene, melilite, anorthite, and spinel. The mantle is 

mainly composed of melilite and spinel; pyroxene and perovskite 

are minor [3]. 3N-24 consists of Zr,Sc,Y-rich oxides, Zr,Y-rich 

perovskite, and Zr,Sc-rich pyroxene. 33E is a complex inclusion 

composed of fluffy Type A CAI and UR CAI 33E-1 [1]. 33E-1 

consists of Zr,Sc,Y-rich oxides, Zr,Y-rich perovskite, Zr,Sc-rich 

pyroxene, and nearly pure gehlenite. Both UR CAIs are 16O-

depleted (Δ17O ~ −5‰) compared to the coexisting CAIs (Δ17O ~ 

−20‰ to −25‰) [1]. 

Melilite and pyroxene grains in the core of 3N-17 show small 

Mg-isotope fractionation effects (FMg), ~2−3 and ~1‰/amu, re-

spectively, whereas mantle melilite shows large and variable FMg, 

915‰/amu, which appears to correlate with gehlenite content. 

Zr,Sc-rich pyroxene in 3N-24 shows no evidence for Mg-isotope 

fractionation (FMg ~ 0). The minerals measured in 3N-17 define 

an isochron with the initial 26Al/27Al ratio, (26Al/27Al)0, of 

(5.1±0.4)×10−5 (2σ). With the initial Mg-isotope composition of 

the Solar System, Zr,Sc-rich pyroxenes in 3N-24 yield an 

isochron with (26Al/27Al)0 of (4.3±1.2)×10−5. Spinel grains in 33E 

and 33E-1 have FMg of ~2‰/amu. Melilite in 33E is less frac-

tionated than that in 33E-1, FMg ~1 and 37‰/amu, respectively. 

Spinel and melilite in 33E and 33E-1 yield (26Al/27Al)0 of 

(5.8±1.7)×10−5 and (4.5±0.6)×10−5, respectively. 

Zr,Sc-rich pyroxenes in 3N-24 and 33E-1 most likely crystal-

lized through dissolution of Zr,Sc,Y-rich oxides and perovskite 

in the pyroxene melt [1]. Positive FMg of melilite in 33E-1 are 

consistent with its igneous origin. The melting of UR CAIs oc-

curred in an 16O-poor gaseous reservoir prior to aggregation, re-

sulting in 16O-depleted pyroxene melt and subsequent O-isotope 

exchange with Zr,Sc,Y-rich oxide and perovskite [1], possibly 

due to their fast O self-diffusion [4,5]. The lack of resolvable dif-

ference in (26Al/27Al)0 of the 16O-depleted UR CAIs and 16O-

enriched Type B and FTA CAIs suggests that 16O-rich and 16O-

depleted gaseous reservoirs coexisted at the beginning of the So-

lar System formation.  
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