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Introduction: Primary wollastonite (wo) thought to have 
crystallized from a liquid is quite rare in CAIs, having been re-
ported in only two igneous inclusions, White Angel and KT-1 [1, 
2]. Both of these CAIs exhibit significant mass fractionations in 
multiple elements and KT-1 is a FUN inclusion, so it is highly 
desirable to place as many constraints as possible on their forma-
tion. Since phase diagrams previously developed for CAIs don’t 
involve wo [3], we use literature data on wo-saturated and wo-
free phase diagrams in the system CaO-MgO-Al2O3-SiO2 
(CMAS) to establish a basic framework for describing crystalli-
zation of wo-bearing CAIs.  

White Angel: White Angel from the Leoville CV3 chondrite 
is a melilite(mel)-rich (type A) CAI with ~12 volume % wo, 3% 
perovskite(pv), and no interior spinel(sp) [1]. The bulk composi-
tion is close to the ternary Åkermanite(Åk)-Gehlenite(Ge)-
Wollastonite(Wo) so the phase diagram of [4] can be applied di-
rectly except for late stage crystallization. From the bulk compo-
sition [1], mel (~Åk1) is the liquidus phase with fractional crys-
tallization leading to progressively more Åk-rich mel. The onset 
of wo crystallization leads to a reversal in Åk. There are no data 
on how the addition of pv affects the phase relations but, assum-
ing fractionation curves for mel are not strongly affected, the on-
set of pv crystallization will lead to a second reversal in Åk. This 
order of crystallization and a double reversal in melilite zoning 
are consistent with observations of [1] in the White Angel. 

KT-1: KT-1 from the CV chondrite NWA 779 is a type B in-
clusion but with sp mostly restricted to a central band across the 
section. A fine-grained assemblage of wo + anorthite(an) + mel + 
diopside(di) occurs interstitial to coarse melilite grains but only 
in sp-free portions of the inclusion. We used literature data to 
construct a wo-saturated liquidus phase diagram with liquids pro-
jected from Wo onto the plane Åk-Ge-SiO2. Compositions of one 
wo-bearing region, determined by defocused beam analyses, plot 
above the wo-saturation surface (i.e, wo is the liquidus phase) 
with a predicted fractional crystallization sequence of 
wo→an→mel→di, consistent with the observed phase assem-
blage of the wo-bearing regions in KT-1. 

Rarity of Igneous Wollastonite in CAIs: A key observation 
for both White Angel and KT-1 is that sp and wo do not occur 
together. In White Angel, there is no interior sp. KT-1 has lots of 
sp but not in the wo-bearing regions. Based on phase relations in 
CMAS, this is not fortuitous. Sp- and wo-saturated liquidus 
phase fields are always separated by wo-, sp-free fields leading 
to mel + di + an + liquid(liq), which has a thermal minimum. As 
long as the CMAS phase relations are applicable, wo-saturated 
residual liquids can't evolve to sp + liq and sp-saturated liquids 
can't evolve to wo saturation. Since most igneous CAIs have sp 
on or near the liquidus, it is igneous wo that is rare. Where pre-
sent, igneous wo likely implies unusual bulk (White Angel) or 
local melt (KT-1) compositions relative to “normal” CAIs. 
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