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Introduction: Refractory Ca-Al-rich inclusions (CAIs) pre-

serve a record of early, “primary” crystallization over a limited 
range of high temperatures in the solar nebula followed by poorly 
constrained “secondary” recrystallization/ alteration events [1].  
Type B CAIs from the CV3 Allende are noteworthy in this re-
spect because they exhibit texturally distinct secondary minerals, 
indicating that significant thermal events post-dated primary 
crystallization [e.g., 2,3].  More subtle effects of secondary proc-
esses are manifested by variable cathodoluminescence patterns of 
primary anorthite.  In general, variable cathodoluminescence 
(CL) in minerals has been attributed to variations in defect struc-
ture and minor element zoning that are often difficult to detect by 
other means.  In this study, we use CL of anorthite to identify 
different patterns of alteration in two CAIs—one Type B1 and 
one B2—from Allende.   

Analytical Methods: Mineral assemblages and textures in 
polished thin sections of CAIs 3655A (Type B1) and 4022-1 (B2) 
were characterized using petrographic microscopes and a JEOL 
JXA-8900 electron microprobe at Waseda University.  Cathodo-
luminescence (CL) of primary anorthite was studied using a 
Premier American Technologies Corporation ELM-3 Lumino-
scope.  Covariations between CL brightness and minor element 
compositions of anorthite were investigated by elemental map-
ping and quantitative electron probe micro-analysis (EPMA).  
Prior to EPMA, back-scattered electron (BSE) images were over-
lain on CL images and image transparencies were adjusted using 
imaging software.  This procedure was used to ascertain the loca-
tions of EPMA points with respect to CL-bright and CL-dark 
domains in anorthite. Relatively high current (50 nA) and spot 
size (8x9 µm) were used at 15 kV for quantitative analyses in 
order to detect minor concentrations of Na and Mg in anorthite.  
Lower limits of detection under these analytical conditions are:  
Na2O, 0.011 wt%; MgO, 0.012 wt%.     

Results and Discussion: Primary anorthite in both CAIs ex-
hibits blue CL with variable brightness.  In CAI 3655A, CL-
bright and CL-dark domains tend to have sharp, angular bounda-
ries with simple geometries.  The CL-dark domains are enriched 
in MgO (0.19 vs. 0.11 wt%) and Na2O (0.12 vs. 0.08 wt%) com-
pared to CL-bright domains.  Primary anorthite in CAI 4022-1 
exhibits patchy, irregular CL-bright and CL-dark domains with 
diffuse boundaries.  Quantitative EPMA results do not show a 
simple distinction that correlates with CL in 4022-1, but elemen-
tal mapping suggests that the CL-dark domains are relatively en-
riched in Na2O and MgO.  The sharp boundaries, simple shapes 
and well-defined elemental variations of CL patterns in 3655A 
anorthite suggest that this CAI experienced a simpler, less exten-
sive alteration history than 4022-1.  This is consistent with Al-
Mg isotopic results and subtle contrasts in textures of secondary 
minerals [2].   The CL-imaging combined with other data may 
reflect general differences in alteration histories of Type B1 and 
B2 CAIs.      
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