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Brearleyite, Ca12Al14O32Cl2, a new alteration mineral from the NWA 1934 meteorite
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aBstraCt

Brearleyite (IMA 2010-062, Ca12Al14O32Cl2) is a Cl-bearing mayenite, occurring as fine-grained 
aggregates coexisting with hercynite, gehlenite, and perovskite in a rare krotite (CaAl2O4) dominant 
refractory inclusion from the Northwest Africa 1934 CV3 carbonaceous chondrite. The phase was 
characterized by SEM, TEM-SAED, micro-Raman, and EPMA. The mean chemical composition of 
the brearleyite is (wt%) Al2O3 48.48, CaO 45.73, Cl 5.12, FeO 0.80, Na2O 0.12, TiO2 0.03, –O 1.16, 
sum 99.12. The corresponding empirical formula calculated on the basis of 34 O+Cl atoms is (Ca11.91 

Na0.06)∑11.97(Al13.89Fe0.16Ti0.01)∑14.06O31.89Cl2.11. The Raman spectrum of brealryeite indicates very close 
structural similarity to synthetic Ca12Al14O32Cl2. Rietveld refinement of an integrated TEM-SAED 
ring pattern from a FIB section quantifies this structural relationship and indicates that brearleyite 
is cubic, I43d; a = 11.98(8) Å, V = 1719.1(2) Å3, and Z = 2. It has a framework structure in which 
AlO4 tetrahedra share corners to form eight-membered rings. Within this framework, the Cl atom is 
located at a special position (3/8,0,1/4) with 0.4(2) occupancy and Ca appears to be disordered on 
two partially occupied sites similar to synthetic Cl-mayenite. Brearleyite has a light olive color under 
diffuse reflected light and a calculated density of 2.797 g/cm3. Brearleyite is not only a new meteoritic 
Ca-,Al-phase, but also a new meteoritic Cl-rich phase. It likely formed by the reaction of krotite with 
Cl-bearing hot gases or fluids.
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introduCtion

A rare krotite (CaAl2O4)-dominant Ca-,Al-rich refractory 
inclusion (CAI), named “Cracked Egg” (Sweeney Smith et al. 
2010), is observed in the Northwest Africa 1934 meteorite (a 
CV3 carbonaceous chondrite). Krotite is a newly discovered 
Ca-aluminate mineral (Ma et al. 2011). During our nanomineral-
ogy investigation of this CAI, a Cl-bearing analog of mayenite, 
Ca12Al14O32Cl2, was also identified to be a new mineral, named 
“brearleyite.” Electron probe microanalysis (EPMA), high-reso-
lution scanning electron microscope (SEM), electron backscatter 
diffraction (EBSD), focused ion beam scanning electron micro-
scope (FIB-SEM), transmission electron microscope (TEM), 
selected area electron diffraction (SAED), and micro-Raman 
analyses were used to characterize its composition and structure 
and those of associated phases. Synthetic Ca12Al14O32Cl2 is well 
known in the field of material science, showing a nanoporous 
cubic structure with a Ca-Al-O framework (Iwata et al. 2008). 
Pyrometamorphic phases structurally and chemically related to 

mayenites, Ca13Al14(SiO4)0.5O32Cl2 and Ca13Al14(SiO4)4O24Cl4, 
labeled as “chlormayenite” and “silicochlormayenite,” respec-
tively, were reported to occur in burnt dumps of the Chelyabinsk 
Coal Basin (Chesnokov 1999; Zateeva et al. 2007). Natural 
Ca12Al14O32Cl2⋅3H2O was found in the Upper Chegem volcanic 
structure (Galuskin et al. 2009). We report here the first occur-
rence of Ca12Al14O32Cl2 in a meteorite, as an alteration mineral 
in a CAI. A preliminary description is given in Ma et al. (2010).

Mineral naMe and type Material

The mineral and the mineral name (brearleyite) have been 
approved by the Commission on New Minerals, Nomenclature 
and Classification (CNMNC) of the International Mineralogical 
Association (IMA 2010-062). The name is for Adrian J. Brearley 
(1958-), a mineralogist at the University of New Mexico, in 
recognition of his many contributions to meteorite mineral-
ogy. Three round thin sections (UA2169TS1, UA2169TS2, 
UA2169TS3) of one inch diameter contain the type material. 
Section UA2169TS1 is deposited under catalog USNM 7590 
in the Smithsonian Institution’s National Museum of Natural * E-mail: chi@gps.caltech.edu


