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Introduction:  Wark-Lovering (WL) rims are multilayered 

rim sequences that surround most Ca, Al-rich inclusions (CAIs) 
and are composed of the same primary high temperature minerals 
as CAIs, such as melilite and spinel and pyroxene [e.g., 1].  The 
rim minerals clearly represent a different generation formed by a 
separate event, but their formation processes are poorly under-
stood [2].  Techniques for obtaining high precision O isotopic 
images by ion microprobe have recently been developed, ena-
bling the investigation of O isotopic variability within and be-
tween individual CAI minerals [3-5].  We are able to determine 
O isotopic ratios of minerals with ~5 ‰ precision at the ~0.4 μm 
spatial scale with the JSC NanoSIMS 50L [4, 5].  Here we apply 
this technique to investigate heterogeneous distributions of O 
isotopic ratios in minerals of WL rim in a CAI. 

Experiment:  The sample studied (7R19-1(d)) is a 3 x 3 mm 
Type A CAI that mainly consists of melilite, fassaite and spinel 
[6]. The CAI is covered by a ~50 μm WL rim, composed of 
spinel, perovskite, melilite; and alteration products [6].  O iso-
topic maps of the CAI interior and the WL rim in the 7R19-1(d) 
were obtained by the JSC NanoSIMS 50L following techniques 
described in [4, 5].  A focused Cs+ primary ion beam with a di-
ameter of ~100 nm was rastered over 20 x 20 μm.  Secondary ion 
images of 16O−, 17O−, 18O−, 28Si−, 24Mg16O− and 27Al16O− were 
acquired simultaneously in multidetection with EMs at a high 
mass resolution of ~9500. San Carlos olivine was measured as an 
isotopic standard.  A normal incident electron gun was applied to 
prevent charging of the rastered area. 

Results and Discussions:  As expected, the O isotopic com-
positions of minerals in the CAI interior and the WL rim fall 
along the CCAM line.  The O isotopic ratios in the CAI interior 
and the WL rim matched values determined in previous studies 
[6-10]  We found that spinel and melilite have δ17,18O of -40 and 
-10 ‰ in the CAI interior, and spinel, perovskite, melilite, and 
anorthite had a δ17,18O of -35, -20 to -10, -20 to 0, and -10 to 0 ‰ 
in the WL rim, respectively.  An isotopic imaging traverse across 
the rim showed that the O isotopic composition varied from 16O-
poor to 16O-rich to 16O-poor.  This observation suggests that the 
accretion of the WL rim occurred as the CAI cycled between 
16O-rich and 16O-poor regions of the nebula.  This is consistent 
with a previous study which showed that the CAI formation be-
gan in a 16O-rich nebula and subsequently continued in an 16O-
poor nebula [11]. 
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