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Introduction:  One meteorite class where very
little progress has been made in identifying possible
parent bodies is the angrites. The type meteorite, Angra
dos Reis, fell in 1869 and is an equigranular rock con-
sisting of ~90% fassaite, an aluminum-titanium diop-
side, with minor amounts of olivine, spinel, and troilite
[1,2].  Angra dos Reis has a very unusual spectrum [3],
which is extremely red-sloped (reflectance tending to
increase with increasing wavelength) (Fig. 1).  Its
spectrum is unlike any known asteroid.

Fig. 1.  Spectra of angrites.  All spectra are normalized
to unity at 0.55 µm.  The Angra dos Reis spectrum is
from Gaffey [3].

In the past 15 years, a number of angrites have
been recovered from Antarctica and, very recently,
from the Sahara and Argentina.  These rocks differ
markedly in texture and mineralogy from Angra dos
Reis.  They have a porphyritic texture consisting of
large magnesian olivine grains set in an ophitic-
textured matrix of radiating laths of anorthite, fassaite,
and ferroan and calcic olivine [2].  A variety of lines of
evidence suggest that these rocks are crustal igneous
rocks formed by relatively rapid cooling of partial
melts formed under oxidizing conditions [2].  Thus, we
might expect angritic material to be present at or near
the surface of an asteroid.

While our knowledge of the petrology and genesis
of angrites has increased dramatically in the past 15

years, no new angrite spectra have been published,
owing in large part to the very small sizes of the Ant-
arctic angrites.  With the discovery of two new, large
angrites D’Orbigny [4] and Sahara 99555 [5,6], we
have initiated a study to compare the mineralogy and
spectra of these meteorites with Angra dos Reis in an
attempt to identify the parent asteroid or asteroids for
the angrites.

Angrite Mineralogy:  Sahara 99555 contains [5,6]
~28% fassaite, ~35% anorthite, and 36% olivine (in-
cluding the calcium-rich kirschsteinite).  D’Orbigny is
a very heterogeneous meteorite [4] with a total mass of
16.55 kg that also contains fassaite, anorthite, and oli-
vine (including kirschsteinite).  Sahara 99555 is much
finer-grained than D’Orbigny.

Analytical Techniques:  All samples were ground
with a mortar and pestle and then sieved to particle
sizes less than 125 µm.  Room temperature reflectance
spectra were obtained using the bidirectional spec-
trometer at the Keck/NASA Reflectance Experiment
Laboratory (RELAB) facility located at Brown Univer-
sity.  The incident angle was 30 degrees and the emis-
sion angle was 0 degrees.  The spectral coverage was
0.32 to 2.55 µm with a sampling interval of 0.01 µm.

Angrite Spectra:  Spectra (Fig. 1) of D’Orbigny
and Sahara 99555 have similar spectral characteristics.
Both have broad 1 µm features, weak to non-existent 2
µm features, and are extremely red-sloped.  The 1 µm
feature for D’Orbigny is stronger than the feature for
Sahara 99555.  D’Orbigny is extremely red with a peak
reflectance (normalized to unity at 0.55 µm) greater
than 2.  However, neither sample is as red as Angra dos
Reis, which can be explained by the higher abundance
of fassaite in Angra dos Reis.  Sahara 99555 (reflec-
tance at 0.55 µm is 0.24) is brighter than D’Orbigny
(reflectance at 0.55 µm is 0.14).

The most unexpected difference between the Angra
dos Reis spectrum and newly acquired angrite spectra
is the absence of a discernible 2 µm feature for
D’Orbigny and Sahara 99555.  The absence of a 2 µm
feature for a pyroxene is characteristic of clinopyrox-
enes (type A) [7] where Fe2+ is located in the M1 crys-
tallographic site and not in the M2 site.  Type A clino-
pyroxenes have two absorption bands centered at ~0.9
and ~1.15 µm that partially overlap; however, the pres-
ence of olivine in these angrites appears to wipe out
this structure in the resulting spectra.  It is unclear why
the fassaite in Angra dos Reis has a distinctive 2 µm
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feature while the fassaite in D’Orbigny and Sahara
99555 does not.

The band minimum for D’Orbigny is 1.12 µm
while Sahara 99555 has a minimum at 1.09 µm, with
estimated errors bars of +0.01 µm for both minima.
Band centers (where a linear continuum has been di-
vided out from each spectrum) are 1.17 µm for
D’Orbigny and 1.13 µm for Sahara 99555.

The spectra of D’Orbigny and Sahara 99555 appear
consistent with a mixture of a diopside and olivine.
The unusual nature of Angra dos Reis relative to other
angrites would argue that its spectral properties are not
characteristic of spectra from the angrite parent body
or bodies.  D’Orbigny and Sahara 99555, which are
similar in composition to other angrites, are probably
better spectral analogs to the surfaces of postulated
parent bodies.

Spectral Analogs:  We have looked for spectral
analogs for the angrites among asteroids observed in a
number of spectroscopic surveys including SMASS
(Small Main-Belt Asteroid Spectroscopic Survey)
[8,9], the 52-color survey [10], and SMASSIR
(SMASS in the near-infrared) [11].  The best spectral
matches were found for D’Orbigny (Fig. 2).

 Fig. 2. Spectra of D’Orbigny (green line) versus 289
Nenetta and 3819 Robinson.  The Nenetta spectrum is
a combination of SMASS [9] and SMASSIR [11] data
(red points) and 52-color [10] data (red circles).  The
Robinson spectrum is a combination of SMASS [9]
and SMASSIR [11] data (blue points).  The wave-
length coverage of the 52-color data extends out to
~2.5 µm while SMASSIR extends out to ~1.65 µm.
Error bars are +1• .

The spectra of D’Orbigny and 289 Nenetta (A-type
asteroid [9]) are extremely red with both objects having
peak reflectances (normalized to unity at 0.55 µm) over
2.0.  The most notable spectral difference between
D’Orbigny and Nenetta is the presence of the three
distinctive bands (centered at ~0.9, ~1.1, and ~1.25
µm) that are characteristic of olivine in the Nenetta
spectrum, but absent in the D’Orbigny spectrum.

The spectra of D’Orbigny and 3819 Robinson (Sr-
type asteroid [9]) are very good spectral matches in the
visible.  Spectra of D’Orbigny at temperatures similar
to those found on an asteroid surface (~200 K) [12] or
at finer grain sizes would tend to shrink the width of its
1 µm band so it would match better the width of
Robinson’s feature.

Conclusions:  The spectral properties of these
newly obtained angrite spectra bring up a number of
issues that need to be considered in the compositional
interpretation of asteroid spectra.  One of the assump-
tions in interpreting asteroid spectra is that the pres-
ence of a broad absorption feature centered past ~1.05
µm and no discernible 2 µm feature indicates a silicate
assemblage that is almost entirely olivine.  However,
these newly measured angrites have these spectral
characteristics, but they contain a substantial pyroxene
(fassaite) abundance.

Another assumption is that extremely red asteroid
spectra have had their surfaces altered by some proc-
ess.  However, the angrite spectra are very red, but this
reddening is due to the presence of fassaite.  Asteroid
spectra that have these distinctive 1 µm bands and are
extremely red [13], such as those found in A-type ob-
jects, need to be reexamined to determine if these ob-
jects could have angritic compositions.
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