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Abstract
High concentrations of vanadium cause very unusual coloration in hibonite (purple) and grossite 

(light violet) crystals in an exotic mineral assemblage from Sierra de Comechingones (Argentina). In 
the hibonite (CaAl12O19) structure vanadium ions, in various valence states (divalent, trivalent, and 
tetravalent), may be distributed over five crystallographic sites with coordinations corresponding to 
different polyhedra, namely, three unequal octahedra [M1 (D3d), M4 (C3v), and M5 (Cs)], one M3 tet-
rahedron (C3v), and one unusual fivefold-coordinated trigonal bipyramid M2 (D3h). Possible locations 
of vanadium ions in grossite (CaAl4O7) are limited to two crystallographically distinct sites (T1 and 
T2, both C1) in tetrahedral coordination.

The combination of single-crystal X-ray diffraction and absorption spectroscopy techniques aided by 
chemical analyses has yielded details on the nature of the vanadium-induced color in both hibonite and 
grossite crystals. In hibonite, both M4 face-sharing octahedral and M2 trigonal bipyramid sites of the 
R-block are partially occupied by V3+. Strongly polarized bands recorded at relatively low energies in 
optical absorption spectra indicate that V2+ is located at the M4 octahedral site of the hibonite R-block. 
Chemical analyses coupled with an accurate determination of the electron densities at structural sites in 
hibonite suggest that the vanadium ions occupy about 10 and 5% of the M4 and M2 sites, respectively. 
For grossite, polarized optical absorption spectra reveal no indications of V2+; all observed absorp-
tion bands can be assigned to V3+ in tetrahedral coordination. Although not evident by the observed 
electron densities at the T sites of grossite (due to the low-V content), longer bond distances, and a 
higher degree of polyhedral distortion suggest that V3+ is located at the T2 site.
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Introduction
The importance of calcium-aluminum oxide compounds 

and mineralogical analogs evenly spans Materials Science and 
Earth Sciences. Hibonite (ideal formula CaAl12O19) and grossite 
(ideal formula CaAl4O7) are common constituents of calcium 
aluminate cements (CACs), which are a special type of cement 
commonly used in refractory concrete production. Along with 
the monocalcium aluminate CaAl2O4 (CA, also known as krotite; 
Ma et al. 2011), which is the main and ubiquitous phase of all 
types of CACs, monocalcium dialuminate (grossite, CA2) and 
monocalcium hexa-aluminate (hibonite, CA6) are the main 
phases belonging to the so-called white cements, namely those 
cements containing >70 wt% Al2O3 (Taylor 1997). Similarly, 
hibonite and grossite are important in Earth Sciences since they 
occur as mineral components of calcium aluminum-rich inclu-
sions (CAIs) in carbonaceous chondritic meteorites (Hofmeister 
et al. 2004; Hazen et al. 2008, and references therein). Being 
among the first phases to crystallize during the first stages of 
nebula condensation, their investigation has and continues to 
provide information about the conditions in the early solar nebula 

(Beckett et al. 1988; Brearley and Jones 1998).
Although both hibonite and grossite are very rarely reported in 

terrestrial occurrences, they have been found in some particular 
environments, e.g., in the pyrometamorphic rocks of the Hatru-
rim Formation, Israel (Gross 1977; Weber and Bischoff 1994). 
Hibonite is somehow more frequent but still rare on Earth if 
not related to meteorites. So far, it has been reported only in six 
localities: granulites from the type locality in Esiva eluvials in 
Madagascar (Delbos 1955), Furua granulites at the Ligama Hill, 
Morogoro Region, Tanzania (Maaskant et al. 1980), Mg-Al skarn 
iron deposits of the Fushan Mine, She County, Hebei, Handan, 
China (Cao et al. 1997), Chyulu Hills volcanic field, Kenya 
(Ulianov et al. 2005), Mandalay region of Myanmar (Nagashima 
et al. 2010; Wild and Milisenda 2013), and Tashelginskoye 
Fe-(Co) deposits, Kemerovo Oblast, Gornaya Shoriya Region 
Russia (Konovalenko et al. 2012). Very recently, the occurrence 
of hibonite and grossite samples from an exotic mineralization 
from Sierra de Comechingones, San Luis, Argentina, has been 
reported; in addition to dellagiustaite (a new mineral of the 
spinel supergroup, ideally Al2V2+O4), hibonite and grossite are 
main phases (Cámara et al. 2019). Comparable rocks have been 
reported to occur at Mt. Carmel (northern Israel), where similar 
super-reduced mineral assemblages are found to have crystallized 
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