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Brownleeite: A new manganese silicide mineral in an interplanetary dust particle
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Abstract
Brownleeite, ideally stoichiometric MnSi, is a manganese silicide not previously observed in
nature that was discovered within an interplanetary dust particle that likely originated from a comet.
Three submicrometer brownleeite grains were found, with one of them poikilitically enclosed by Mnbearing forsterite. Owing to the small size of the brownleeite grains, it was not possible to determine
conventional macroscopic properties of this mineral; however, the chemical composition and crystal
structure were well constrained by extensive quantitative energy dispersive X-ray analysis and electron diffraction using transmission electron microscopy (TEM). The crystal system for brownleeite
is cubic (a = 4.557 Å) with space group P213, cell volume = 94.63 Å3, Z = 4, density (calculated) =
2.913 g/cm3, and empirical formula: (Mn0.77Fe0.18Cr0.05)Si. These brownleeite grains likely formed as
high-temperature condensates either in the early Solar System or in the outflow of an evolved star or
supernova explosion.
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Introduction
The Earth accretes ~40 000 tons of cosmic dust annually,
originating mainly from the disintegration of comets and collisions among asteroids (Love and Brownlee 1993). This cosmic
dust, also known as interplanetary dust particles (IDPs), is a
subject of intense interest because it is made of the original
building blocks of our Solar System. Although the specific parent
bodies of IDPs are unknown, the anhydrous chondritic-porous
IDPs (CP-IDPs) subset has been potentially linked to a cometary
source (Brownlee et al. 1995). The CP-IDPs are extremely primitive materials based on their unequilibrated mineralogy (Bradley
1994), C-rich chemistry (Thomas et al. 1993; Flynn et al. 1993),
and anomalous isotopic signatures (McKeegan et al. 1985; Messenger 2000; Keller et al. 2004). In particular, some CP-IDPs
escaped the thermal, aqueous, and impact shock processing that
has modified or destroyed the original mineralogy of meteorites.
Thus, the CP-IDPs represent some of the most primitive Solar
System materials available for laboratory study.
Comet 26P/Grigg-Skjellerup was identified as a source of an
Earth-crossing dust stream with low Earth-encounter velocities,
with peak anticipated fluxes during April in 2003 and 2004 (Messenger 2002). In response to this prediction, NASA performed
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dedicated stratospheric dust collections to target potential IDPs
from this comet stream in April 2003. Subsequently, several CPIDPs from this collection have been shown to have unusually
low noble gas abundances (Palma et al. 2005) consistent with
the predicted short space exposure ages of Grigg-Skjellerup
dust particles (Messenger 2002). Significant hydrogen isotopic
anomalies (Nittler et al. 2006) and abundant presolar grains
(Nguyen et al. 2007) in CP-IDPs from this collection are also
consistent with a cometary origin.
Most CP-IDPs are composed of minerals that are common
on Earth. However, in the course of an examination of one of the
CP-IDPs from the Grigg-Skjellerup collection, we encountered
three submicrometer-sized grains of manganese silicide (~MnSi,
Fig. 1a), a phase that has heretofore not been found in nature.
Here we describe this manganese silicide phase that has been
approved as the first new mineral identified from a comet by the
International Mineralogical Association (IMA) in May 2008.
The mineral is named in honor of Donald E. Brownlee (b.
1943), an American astronomer and a founder of the field of cosmic dust research who is the principal investigator of the NASA
Stardust Mission that collected dust samples from Comet 81P/
Wild-2 and returned them to Earth. Much of our current view and
understanding of the early Solar System would not exist without
the pioneering work of Don Brownlee in the study of IDPs.

