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Grossmanite, CaTi3+AlSiO6, a new pyroxene from the Allende meteorite
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abstraCt

Grossmanite, Ca(Ti3+,Mg,Ti4+)AlSiO6 with an end-member formula CaTi3+AlSiO6, is a new 
member of the Ca clinopyroxene group, where the trivalent cations are dominant in the M1 site with 
Ti3+ being the dominant trivalent cation. It occurs as micrometer-sized crystals along with spinel and 
perovskite in a melilite host in Ca-,Al-rich refractory inclusions from the Allende meteorite. The 
mean chemical composition determined by electron microprobe analysis of the type material is (wt%) 
SiO2 27.99, Al2O3 24.71, CaO 24.58, Ti2O3 10.91, TiO2 6.68, MgO 4.45, Sc2O3 0.43, V2O3 0.19, ZrO2 
0.13, FeO 0.08, Cr2O3 0.03, sum 100.20. Its empirical formula calculated on the basis of 6 O atoms 
is Ca1.00[(Ti3+

0.35 Al0.18Sc0.01V3+
0.01)Σ0.55Mg0.25Ti4+

0.19]Σ1.00(Si1.07Al0.93)Σ2.00O6. Grossmanite is monoclinic, C2/c; 
a = 9.80 Å, b = 8.85 Å, c = 5.36 Å, β = 105.62°, V = 447.70 Å3, and Z = 4. Its electron back-scatter 
diffraction pattern is an excellent match to that of Ti3+-rich pyroxene with the C2/c structure. The five 
strongest calculated X-ray powder diffraction lines are [d spacing in Å, (I), hkl] 2.996 (100) (221), 
2.964 (31) (310), 2.581 (42) (002), 2.600 (28) (131), 2.535 (47) (221). The name is for Lawrence 
Grossman, a cosmochemist at the University of Chicago.
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introduCtion

During a nano-mineralogical investigation of the Allende me-
teorite (a CV3), Ti-rich pyroxenes were observed in Ca-,Al-rich 
refractory inclusions (CAI). Electron-microprobe, high-resolu-
tion SEM, electron backscatter diffraction (EBSD), and mico-
Raman analyses have been used to characterize its composition 
and structure. Highly Ti-enriched clinopyroxenes (16–18 wt% 
total TiO2) have been observed in Allende since its fall in 1969 
(e.g., Fuchs 1971; Dowty and Clark 1973; Mason 1974; Simon et 
al. 1999). We report here the occurrence, composition and crystal 
symmetry of a clinopyroxene from Allende, Ca(Ti3+,Mg,Ti4+)
AlSiO6, where Ti3+ is the dominant trivalent component and the 
trivalent cations are dominant in the M1 site. The newly approved 
dominant-valency rule (Hatert and Burke 2008) is applied here 
to designate this pyroxene as a new mineral. 

MineraL naMe and type MateriaL

The new mineral and its name have been approved by the 
Commission on New Minerals, Nomenclature and Classifica-
tion (IMA 2008-042a). The name is for Lawrence Grossman, 
Professor of Cosmochemistry at the University of Chicago, born 
in 1946, in honor of his fundamental contributions to meteorite 
research. Type material (Caltech Section Allende12 MC2I) has 
been deposited in the Smithsonian Institution’s National Museum 
of Natural History and is cataloged under USNM 7562.

oCCurrenCe, assoCiated MineraLs, and oriGin

Micrometer-sized grossmanite (the type material) occurs 
with MgAl2O4 spinel and CaTiO3 perovskite in a melilite 
[Ca2.00(Al0.94Mg0.07)(Si1.06Al0.94)O7] host in a CAI fragment from 

the Allende meteorite (Fig. 1). The inclusion with a Wark-
Lovering rim is exposed in one polished thick section, prepared 
from a 1 cm Allende specimen at Caltech. This CAI fragment 
is 330 × 385 µm in the section plane, surrounded by a matrix of 
mostly olivine and troilite. The Allende meteorite, which fell at 
Pueblito de Allende, Chihuahua, Mexico, on February 8, 1969, 
is a CV3 carbonaceous chondrite.

Grossmanite is also observed in a Type B1 CAI from Allende 
in sections USNM 7554 and USNM 7555 (which were previously 
Caltech sections), occurring with spinel, perovskite, grossite in 
melilite near the rim, as shown in Figure 2.

appearanCe, physiCaL and optiCaL properties

The type material (1–7 µm in size) appears to coat spinel 
grains (Fig. 1). In thin section, it is transparent with a light-gray 
color that may be caused by adjacent and underlying phases. 
Streak, luster, hardness, tenacity, cleavage, fracture, and den-
sity were not determined because of the small grain size. The 
density, calculated from the empirical formula, is 3.41 g/cm3. It 
is non-fluorescent under the beams of the electron microprobe 
and SEM. Optical properties were not determined because of the 
small grain size. In the section, the crystal grains are irregular. 
No crystal forms or twinning were observed. The a:b:c ratio 
calculated from the unit-cell parameters is 1.107:1:0.606. Larger 
crystals of grossmanite in USNM 3848 (Dowty and Clark 1973) 
and Ti-rich diopside in TS32 (Simon et al. 1999) show a green 
color under oblique illumination.

CheMiCaL CoMposition

Quantitative elemental microanalyses were conducted with 
the JEOL 8200 electron microprobe operated at 15 kV and 10 
nA in a focused beam mode. Standards for the analysis were * E-mail: chi@gps.caltech.edu


