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Hibonite-(Fe), (Fe,Mg)Al12O19, a new alteration mineral from the Allende meteorite
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abstraCt

Hibonite-(Fe), (Fe,Mg)Al12O19, is the Fe2+-dominant analog of hibonite CaAl12O19, discovered in 
a highly altered Ca-,Al-rich refractory inclusion from the Allende meteorite. It occurs as scattered 
micrometer-sized single crystals within an aggregate of hercynite (Fe,Mg)Al2O4, adjacent to nepheline, 
ilmenite, ferroan spinel, perovskite, and hibonite. The mean chemical composition determined by 
electron microprobe analysis of hibonite-(Fe) is Al2O3 90.05 wt%, FeO 3.60, SiO2 2.09, MgO 1.61, 
Na2O 0.55, CaO 0.28, TiO2 0.04, V2O3 0.02, sum 98.25, corresponding to an empirical formula of  
(Fe2+

0.34Mg0.27Na0.12Al0.11Ca0.03)Σ0.87 (Al11.77Si0.23)Σ12.00O19. Hibonite-(Fe) is hexagonal, P63/mmc; a = 5.613 
Å, c = 22.285 Å, V = 608.0 Å3 and Z = 2. Its electron backscatter diffraction pattern is a good match 
to that of the hibonite structure. Hibonite-(Fe) is apparently a secondary alteration product formed by 
iron-alkali-halogen metasomatism, whereas hibonite is a primary refractory phase.
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introduCtion

Nanomineralogy is the study of Earth and planetary materi-
als at nano-scales, focused on characterizing nanofeatures (like 
inclusions, exsolution, zonation, coatings, pores) in minerals and 
revealing nanominerals and nanoparticles (Ma 2008). During a 
nanomineralogy investigation of the Allende CV3 meteorite at 
Caltech, new refractory minerals and new minerals in refractory 
inclusions have been discovered at micro- to nano-scales, includ-
ing allendeite (Sc4Zr3O12) and hexamolybdenum (Mo,Ru,Fe) 
(Ma et al. 2009a), monipite (MoNiP) (Ma et al. 2009b), tistarite 
(Ti2O3) (Ma and Rossman 2009a), davisite (CaScAlSiO6) (Ma 
and Rossman 2009b), and grossmanite (CaTi3+AlSiO6) (Ma 
and Rossman 2009c). Each new phase adds a new voice toward 
understanding the processes that occurred in the early solar 
system. 

This paper describes a new Al-rich mineral, (Fe,Mg)Al12O19, 
identified in an Allende Ca-,Al-rich refractory inclusion (CAI). 
Electron-microprobe, high-resolution SEM, electron backscatter 
diffraction (EBSD), and mico-Raman analyses have been used 
to characterize its composition and structure and associated 
minerals. Synthetic FeAl12O19–(Fe,Mg)Al12O19 phases are not 
known in the field of materials science. Reported here is the 
first occurrence of (Fe,Mg)Al12O19 in nature, as a new alteration 
mineral in a CAI from a primitive meteorite.

MineraL naMe and type MateriaL

The new mineral and its name have been approved by the 
Commission on New Minerals, Nomenclature and Classification 
of the International Mineralogical Association (IMA 2009-027). 
The name, hibonite-(Fe), is for the composition, the mineral be-
ing the Fe2+-dominant analog of hibonite CaAl12O19. Holotype 

material (Caltech Allende12A section D) has been deposited in 
the Smithsonian Institution’s National Museum of Natural His-
tory, Washington, D.C., and is cataloged under USNM 7554.

oCCurrenCe, assoCiated MineraLs, and origin

Micrometer-sized hibonite-(Fe) occurs as scattered single 
crystals surrounded by hercynite, along with hibonite, perovskite, 
ferroan spinel, ilmenite, and nepheline in the central area of a 
highly altered CAI from the Allende meteorite (Fig. 1). Ferroan 
spinel, anorthite, nepheline, hedenbergite, diopside, ilmenite, and 
perovskite are present in the mantle and rim areas of the CAI. 
Hibonite-(Fe), hercynite, ferroan spinel, ilmenite, nepheline, 
anorthite, hedenbergite, and diopside appear to be secondary 
phases based on their petrographic textures, whereas hibonite and 
perovskite are primary phases of the CAI. Hibonite (CaAl12O19) 
is irregular to lath-shaped, 2~12 µm in size, containing a small 
amount of Mg2+ and Ti4+ in the Al site (Table 1). Perovskite is 
irregular to subhedral, 3~10 µm in diameter, often coated by 
ilmenite, with an empirical formula of Ca1.00(Ti0.98Al0.02Fe0.01)O3. 
The occurrence of nepheline, ferroan spinel and hedenbergite 
indicates a secondary alteration by iron-alkali-halogen metaso-
matism to which the primary CAI was subjected. Trace amount 
of Cl was detected in some nepheline and anorthite domains 
where sodalite nano-inclusions might be present. Ferroan spinel 
is one of the dominant phases along with anorthite and nepheline 
in the CAI, irregular to lath shaped, <15 µm in size, with Fe/
(Mg+Fe) ratios ranging from 0.16 to 0.24. The original primary 
phase assemblage might be hibonite–perovskite–grossmanite–
MgAl spinel–melilite.

This CAI is about 900 µm in size in the section plane with 
cavities inside, surrounded by matrix (mainly olivine and troilite), 
prepared from a 1 cm Allende specimen at Caltech. The Allende 
meteorite, which fell at Pueblito de Allende, Chihuahua, Mexico, 
on February 8, 1969, is a CV3 carbonaceous chondrite.* E-mail: chi@gps.caltech.edu


