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abstRaCt

Our investigations on the shocked eucrite Northwest Africa (NWA) 8003 revealed the occurrence 
of a new mineral, vestaite [IMA 2017-068; (Ti4+Fe2+)Ti3

4+O9]. This mineral coexists with corundum, 
ilmenite, and Al-Ti-rich pyroxene in shock melt pockets. It has an empirical chemical formula of (Ti4+

0.73 

Fe2+
0.63Al0.60Mn0.03Mg0.02Cr0.01)Ti3

4+O9 and the monoclinic C2/c structure of schreyerite. The ideal vestaite 
structure can be considered as a modular structure with an alternate intergrowth of M3O5-type (M = 
Ti4+,Fe2+,Al) and Ti2O4-type slabs. Alternatively, it can also be envisaged as a crystallographic shear 
structure with periodically shearing of rutile or a-PbO2 units. Streaking and splitting of diffraction 
spots observed in selected-area electron diffraction patterns indicate planar defects in the modular 
structure of vestaite. Our observations reveal that vestaite crystallized at high pressure (≤10 GPa) 
from a melt that represents a mixture of ilmenite and silicate components. A robust constraint on its 
formation conditions and stability field cannot yet be provided due to the lack of experimental data for 
these systems. Vestaite is a new, shock-generated mineral first found in a meteorite of the howardite-
eucrite-diogenite (HED) clan, the largest achondrite group. Its discovery is not only of significance to 
the meteoritic mineralogy, but it could also be of interest to materials science.

Keywords: Vestaite, new mineral, Northwest Africa 8003, HED meteorites, shock metamorphism

intRoDuCtion

Meteoritic minerals are important records of the nebular pro-
cesses in the early solar system and the magmatic processes on 
the parent bodies of meteorites (e.g., Hazen et al. 2008; Rubin and 
Ma 2017). From the viewpoint of mineral evolution, secondary 
processes (such as aqueous alteration and shock metamorphism) 
on some meteorite parent bodies may result in an increase of the 
diversity of minerals (Hazen et al. 2008; McCoy 2010; Rubin and 
Ma 2017; Tomioka and Miyahara 2017). The discovery of each 
new mineral in meteorites can provide constraints on the dynamic 
conditions and the history of meteorite parent bodies (Rubin and 
Ma 2017; Tomioka and Miyahara 2017).

Asteroid 4 Vesta is considered as a protoplanet with a core-
mantle-crust structure (Russell et al. 2012) and as the parent body 
of the howardite-eucrite-diogenite (HED) clan of meteorites, 
which provides rich information on both the early planetary dif-
ferentiation and secondary processes of Vesta (e.g., Takeda and 
Graham 1991; Mittlefehldt 2015). The rock-forming minerals in 
HED meteorites are pyroxene (orthopyroxene, pigeonite, augite, 
diopside, hedenbergite) and anorthite. Olivine is less common 
in most HED meteorites. Accessory minerals include ilmenite, 
chromite/ulvöspinel, troilite, tridymite, quartz, merrillite, apatite, 
zircon, baddeleyite, and FeNi metal (Mittlefehldt 2015). Recently, 
investigations on shock metamorphism of eucrites have revealed 
the presence of some high-pressure minerals, such as coesite, 

stishovite, tissintite, vacancy-rich clinopyroxene, super-silicic 
garnet, potential grossular, and zagamiite (Miyahara et al. 2014; 
Pang et al. 2016; Fudge et al. 2017, 2018). However, no new 
minerals have been reported in HED meteorites.

Northwest Africa (NWA) 8003 is a basaltic eucrite that contains 
both shock melt veins and shock melt pockets. Pang et al. (2016) 
have identified five high-pressure minerals in this meteorite. Dur-
ing further investigation of NWA 8003, we found a new mineral 
with the simplified formula (Ti4+Fe2+)Ti3

4+O9 and a monoclinic C2/c 
structure, which we named “vestaite,” after asteroid 4 Vesta. The 
mineral vestaite has been approved by the Commission on New 
Minerals, Nomenclature and Classification of the International 
Mineralogical Association (IMA 2017-068) (Pang et al. 2017). 
Here we describe the occurrence, chemical composition, crystal 
structure, and crystal chemistry of this new mineral, and discuss 
potential implications for the shock metamorphism of NWA 8003.

samPLe anD tyPe mateRiaLs

NWA 8003 is a basaltic eucrite that was found in 2013 (Ruzicka 
et al. 2015); our specimen was purchased from a Moroccan dealer 
in May 2014. It consists mainly of pyroxene and plagioclase, 
showing a subophitic texture. The accessory minerals are silica 
polymorphs, ilmenite, troilite, chromite, apatite, merrillite, and 
zircon. Shock melt veins and pockets are prominently present 
in NWA 8003. Within or adjacent to the shock melt veins, a few 
high-pressure minerals have been observed, i.e., coesite, stishovite, 
tissintite, vacancy-rich clinopyroxene, and super-silicic garnet 
(Pang et al. 2016).
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