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Introduction: Type A CAIs occur as both melted 

and unmelted varieties, Fluffy (FTAs) and Compact 
(CTAs) respectively; all Type B CAIs were extensively 
melted. Type As differ from Type Bs in bulk composi-
tion and, consequently, mineralogy. Specifically, Type 
Bs are more silica rich and contain abundant primary 
(igneous) anorthite. Most anorthite found in Type As is 
secondary in origin and occurs in cross-cutting veins; 
that in Type Bs occurs as mm-sized subhedral-euhedral 
crystals. The genetic relationship between Types A and 
B CAIs is not well understood. In the course of deter-
mining high-precision 26Al-26Mg isotope systematics in a 
diverse suite of CTAs and FTAs from the Vigarano and 
NWA 3118 CV3 meteorites, we found and analyzed two 
CTAs that contain minor igneous anorthite. In combina-
tion with our previous work on other Type As, the pe-
trology and isotopic properties of these two inclusions 
document a clear evolution from FTA to CTA and, by 
extension, to Type B CAIs. 

Analytical procedures: Polished thin sections of all 
CAIs were fully characterized prior to SIMS analysis, by 
scanning electron microscopy and electron microprobe 
analysis. Isotopic analyses were acquired using the 
WiscSIMS Cameca IMS-1280, operated under condi-
tions similar to those described previously [1]. Mg-poor 
phases (anorthite, hibonite, gehlenitic melilite) were 
analyzed using a 4×6 µm beam spot (~30pA intensity) 
and a mono-collection electron multiplier pulse-counting 
system. Spinel, pyroxene, and åkermanitic melilite 
(27Al/24Mg <10) were analyzed using a ~13×14 to 20×25 
µm beam (1.6--20nA intensity) with multi-collector Far-
aday Cup (MCFC) detectors to achieve high precision 
(≤0.1‰). 27Al signals were collected on a MCFC detec-
tor simultaneously with Mg isotopes in both cases. Both 
natural and instrumental mass fractionation were cor-
rected using an exponential law with β=0.514. 

Results: Vigarano 477-5 is a cm-sized FTA previ-
ously analyzed by [2,3]. It consists of numerous irregu-
lar nodules, most individually enclosed by Wark-
Lovering (WL) rims; the main mineral; is reversely-
zoned melilite, with lesser hibonite, spinel, and Ti-rich 
pyroxene. Pyroxene is generally associated with 
perovskite, consistent with its formation at the expense 
of the latter in a reaction with melilite [4]. Unusual for 
an FTA, pyroxene-perovskite-melilite-spinel corona 
textures (Fig. 1) in the outer parts of 477-5 suggest that 
high but still subsolidus temperatures were reached. Our 

new isotopic data for 477-5 yields initial 26Al/27Al=(4.83 
±0.18)×10-5 with essentially no disturbance (contrast 
with [3]). Vigarano 1623-11 is an elliptical CTA, ~2×3 
mm in size, containing melilite, spinel, poikilitic to 
subhedral pyroxene, and numerous patches of irregular 
and highly poikilitic anorthite (enclosing melilite and 
pyroxene). The anorthite is especially remarkable: the 
grains not only are irregular in shape but appear to anas-
tomose in vein-like fashion between grains of the other 
phases (Fig. 2). Isotopic data are undisturbed: all phases 
except anorthite yield initial 26Al/27Al=(4.94±0.10)×10-5, 
and anorthite (also undisturbed) yields (4.89 ±0.17) 
×10-5, indistinguishable from the other phases. NWA 
3118 #16N is a > ~8 mm oblong CTA containing 
melilite, spinel, abundant poikilitic pyroxene, and nu-
merous irregular patches of anorthite [see 4]. NWA 3118 
#16N , like Vigarano 1623-11, has a bulk composition 
transitional between Type As and Type Bs, although 
their textures are unmistakably like CTAs. Isotopic data 
for all phases except anorthite are undisturbed with ini-
tial 26Al/27Al =(5.091 ±0.072)×10-5; anorthite is heavily 
disturbed, with the maximum excesses of 26Mg corre-
sponding to initial 26Al/27Al ~5×10-5. NWA 3118 #1Nb 
is a donut-shaped CTA containing melilite, poikilitic 
pyroxene, and spinel. Mg isotopic data for all phases 
yield an almost perfect isochron: initial 26Al/27Al= 
(4.644 ±0.085)×10-5, with MSWD = 1.5. Allende TS19-
F1 is a ~0.5×1.5 cm CTA [5] containing melilite, spinel, 
and minor perovskite as the only primary phases. Isotop-
ic data for this CAI yield initial 26Al/27Al=(4.81 ±0.14) 
×10-5,with no detectable disturbance.  

Discussion: Our data for these Type A CAIs are in 
general consistent with the previous observation [6] that 
primitive unmelted CAIs (e.g. FTAs) closely preserve 
the solar system initial value for 26Al/27Al = 
(5.23±0.13)×10−5. [7], whereas sintered or melted CAIs 
such as CTAs and Type Bs commonly record lower val-
ues. However, our results for Vigarano 477-5 indicate 
that even some FTAs exhibit a degree of isotopic reset-
ting due presumably to subsolidus heating. The textures 
noted above for this object suggest that had higher tem-
peratures existed, 477-5 would have begun to melt and 
become a CTA. The CTAs in this study exhibit a range 
of values for initial 26Al/27Al, 4.64-5.09×10-5. The 
poikilitic pyroxene textures in three of these CTAs, in-
cluding irregular poikilitic anorthite textures in Vigarano 
1623-11 and NWA 3118 #16N, are indicative of partial 
melting at temperatures very close to the quaternary sol-
idus (~1230oC; [8]). The anorthite in Vigarano 1623-11 
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and NWA 3118 #16N in particular is suggestive of very 
low degrees of partial melting. A plausible explanation 
is that partial melting occurred after secondary alteration 
of the melilite to anorthite, such as that commonly ob-
served in FTAs. Yet optically and under 
cathodoluminescence these anorthite grains are single 
crystals. Both the alteration of melilite to anorthite, and 
later re-melting of the latter, necessarily occurred shortly 
after crystallization of the primary melilite in this CAI, 
as their initial 26Al/27Al ratios are indistinguishable. A 
clear difference between Type B CAIs vs. CTAs such as 
Vigarano 1623-11 and NWA 3118 #1N-b is the degree 
of melting. Had melting in the latter been at significantly 
higher temperatures, the resulting textures would have 
resembled those in typical Type Bs. Instead, these CTAs 
were melted at temperatures marginally above the soli-
dus. Regardless, both CAIs clearly document the CTA / 
Type B transition. A requirement for this transition is the 
addition of silica into the Type As, to stabilize anorthite. 
The isotopic mass fractionation of silicon observed in 
Type Bs must therefore arise from a separate, later volat-
ilization event. 
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Fig. 1. BSE image of Vigarano 477-5 showing coro-

na textures between pyroxene (Pyx), perovskite (Pv), 
spinel (Sp), and melilite (Mel). Width of field ~ 0.3 mm. 

 

 
Fig. 2. BSE image of Vigarano 1623-11 showing the 

anastomosing textures of anorthite (An) relative to 
melilite (Mel) and pyroxene (Pyx). Width of field ~ 0.3 
mm. 

 

 
Fig. 3. Mg-Al isochron diagram for Vigarano 1623-

11 (top. All phases except An; bottom, An only). 
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