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Abstract
The diversity of lithologies is an important proxy of internal evolution in differentiated planets and 

asteroids. The major lithologies in Vesta, based on the howardite-eucrite-diogenite clan meteorites, 
include basalt, gabbro, noritic orthopyroxenite, orthopyroxenite, dunite, harzburgite, and dacite. No 
other lithology has been reported up to date. In this study, we report a new occurrence of corundum in 
eucrite meteorite Northwest Africa (NWA) 8647. Three-dimensional petrographic observations reveal 
that the corundum grain occurs as a mineral inclusion in a highly deformed pyroxene fragment. The 
texture indicates that the corundum is not a contaminant. The corundum-associated pyroxenes have 
Fe-Mn compositions consistent with typical pyroxenes from howardite-eucrite-diogenite meteorites. 
We suggest that the corundum grain could be a xenocryst incorporated during the ascent of a basaltic 
magma. The results might indicate the presence of an Al-rich, Si-poor region, probably lithology in 
the interior of Vesta, implying that the evolution and internal structure should be much more complex 
than previously thought.
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Introduction
The magma ocean concept is one of the most fundamental 

hypotheses in Earth and planetary sciences. In magma ocean 
models, differentiated celestial bodies have experienced a global 
melting and differentiation after accretion. The magma ocean 
phase has been considered as the starting point for most of the 
differentiated planets and asteroids (Elkins-Tanton 2012). How-
ever, records of the magma ocean phase in the terrestrial planets 
(such as Earth and Mars) are extremely rarely preserved due to 
later complex processes, including plate tectonics and weathering. 
One of the methods of constraining the earliest evolution of the 
terrestrial planets may rely on the investigations of differentiated 
protoplanets, in which the records of early stage evolution have 
been largely preserved (Zuber et al. 2011).

Asteroid 4 Vesta is the largest known protoplanet in our solar 
system with a core-mantle-crust structure (Russell et al. 2012), 
and its differentiation might have taken place a few million years 
after the formation of the earliest solid material in the solar system 
(Wadhwa et al. 2009). Therefore, Vesta plays an important role in 
understanding early processes and evolution of terrestrial planets. 
Meanwhile, the differentiation and evolution of Vesta can be con-
strained based on the diversity and origin of lithologies found in 
meteorite samples from Vesta and the remote-sensing data of Vesta. 
In the past decades, many investigations have been performed on 
howardite-eucrite-diogenite (HED) meteorites, the samples that 
have likely been derived from Vesta (Mittlefehldt 2015). The 
lithologies that have been reported in HED meteorites include 
basalt, gabbro, noritic orthopyroxenite, orthopyroxenite, dunite, 
harzburgite, and dacite (e.g., Beck and McSween 2010; McSween 

et al. 2011; Mittlefehldt 2015; Hahn et al. 2017; Zhang et al. 2020).
Corundum is an important mineral indicator of Al-rich compo-

sitions for terrestrial rocks (Giuliani et al. 2014). In HED meteor-
ites, it was only reported as a shock-induced mineral in the eucrite 
Northwest Africa 8003 (Pang et al. 2018, 2019). Recently, during 
the investigation of shock-metamorphism in HED meteorites, a 
corundum grain was observed as an inclusion in pyroxene in the 
Northwest Africa (NWA) 8647 eucrite. Its occurrence is different 
from other extraterrestrial occurrences of corundum, including 
that was described in Pang et al. (2018, 2019). In this study, we 
report its occurrence, identification, and potential significance for 
a hidden Al-rich, Si-poor region in the interior of Vesta.

Analytical methods
The polished section of the NWA 8647 used in this study was prepared in the 

following sequence. First, a thin chip of NWA 8647 was cut with diamond blade 
and attached onto a 1-inch rounded silica slide with epoxy. Then, the sample was 
thinned to ~0.1 mm in thickness with SiC abrasive papers. After that, the sample 
was polished with diamond pastes of various particle sizes (5, 1,  and 0.5 μm). Dur-
ing the whole process of sample preparation, no alumina polishing paste was used. 
Before being observed with the scanning electron microscope (SEM), the sample 
was carbon coated.

Petrographic textures in the meteorite NWA 8647 were observed using a Zeiss 
Supra 55 scanning electron microscope under the backscattering electron (BSE) mode 
at Nanjing University, Nanjing, China. An energy-dispersive spectrometer (EDS) 
installed on this SEM was used to qualitatively identify mineral phases in the pol-
ished section. Quantitative mineral chemical analyses were obtained by wavelength 
dispersive spectrometers installed in a JEOL 8100 electron probe microanalyzer 
(EPMA) at Nanjing University. An accelerating voltage of 15 kV was used. The 
EPMA analysis with a beam current of 20 nA was carried out for most minerals in this 
study. Measurement times are 20 s for peaks and 10 s for background, respectively. 
Natural and synthetic standards were used for concentration calibration. All data 
were reduced with the atomic number-absorption-fluorescence (ZAF) procedure.

The structural identification of corundum and surrounding minerals was per-
formed using an electron backscatter diffraction detector (EBSD) attached on the 
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