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A consortium has recently been established to ana-
lyze whole rock and mineral separates from Mars mete-
orites with a variety of spectroscopic techniques (cur-
rently visible to far infrared reflectance and Mössbauer).
We report here results for pyroxene and olivine sepa-
rates from ALH84001, Zagami, LEW88516, Nakhla,
ALHA77005 and Chassigny. All data are consistent
with known compositions of these meteorites. The prin-
cipal surprise is that a pure pyroxene separate from
LEW88516 (largely pigeonite) exhibits almost identical
features to Mg-olivine from 20-50 µm.

Approach . Samples of ALH84001, Zagami,
LEW88516, Nakhla, ALHA77005 and Chassigny
(roughly 200 mg) were obtained and 10-50 mg chip of
each sample was set aside for whole rock analyses. The
remaining mass was gently crushed by hand at Mt.
Holyoke under acetone to prevent oxidation during
grinding. Phases constituting more than roughly 10% of
the mineral mode were hand picked using a binocular
microscope.  This method uses morphology and color as
discriminators (some separates might contain contami-
nants of similarly colored phases). All separates were
first sent to the RELAB at Brown University for bidi-
rectional and FTIR spectroscopic measurements. Möss-
bauer spectra were then acquired at the Mineral Spec-
troscopy Laboratory at Mount Holyoke College. Masses
of the mineral separates ranged from 5-34 mg. Samples
are in particulate form (est. <45 µm), but inadequate
mass is available for size separates.

Visible to near-infrared bidirectional reflectance
spectra (0.3 to 2.6 µm; 5 nm sampling resolution) were
acquired relative to halon at 30° incident, 0° emergent
angles. The same samples (in the same dish) were
measured using a Pike diffuse reflectance attachment
(off-axis, biconical) with the Nicolet 870 Nexus FTIR
spectrometer (2 to 50 µm) using a diffuse gold standard.
The data were typically spliced at 2.6 µm, to use the
absolute reflectance of the bidirectional system.

Room temperature Mössbauer spectra were ac-
quired to determine Fe2+ and Fe3+ mineral species. Sam-
ples were prepared by mixing sample powders with
sugar (under acetone) and mounting in a sample holder
confined by cello tape. A source of 10-20 mCi 57Co in
Rh was used on a WEB Research Co. model W100
spectrometer.  Run times ranged from 1-10 days.  Re-
sults were calibrated against α-Fe foil of 6 µm thickness
and 99% purity. Mössbauer data are described in detail
in Dyar [1]. For LEW88516 repeat FTIR measurements
were made (after de-sugaring the sample).

Results. Visible to near-infrared bidirectional re-
flectance for our Mars meteorite mineral separates are

shown in Fig. 1. Infrared spectra are shown in Fig.2.,
plotted in a form that allows features to be compared
directly with emissivity. The edge of the strong Re-
strahlen band (R) is one of the few regions where the
shape of reflectance and emissivity may differ. The
spectral region where additional scattering occurs in a
“transparency feature” [2] of fine particles is indicated
(S TF). Mössbauer spectra for LEW88516 and Chas-
signy are shown in Fig. 3.
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Figure 1. Spectra of SNC mineral separates obtained with the
RELAB bidirectional reflectance spectrometer. LEW88516
pyroxene is shown in both figures.

An important relationship between the data in Figs.
1, 2 and 3 is that the spectra of all SNC mineral sepa-
rates are for the exact same samples simply measured in
different parts of the spectrum or with different tech-
niques. The color code of Figures 1 and 2 is maintained
for both the nearIR and midIR data. No detectable ef-
fects of any weathering are observed in these samples.
For the second measurement of LEW88516 pyroxene,
the sample appears to have lost some of its finer parti-
cles due to the fluid de-sugaring process.
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Figure 2. Diffuse reflectance spectra of SNC mineral sepa-
rates obtained with a Pike off-axis attachment on a Nicolet
Nexus 870 FTIR spectrometer. Spectra are offset for clarity.

Discussion. The bidirectional visible to near-
infrared spectra of these mineral separates (Fig. 1) ex-
hibit well defined and diagnostic crystal-field absorp-
tions due to Fe2+ in pyroxene and olivine [3]. All of the
pyroxene separates exhibit the well-known absorptions
near 1 and 2 µm (see Sunshine et al., these abstracts for
MGM analyses of these bands). The Nakhla pyroxene is
a Ca-rich augite and both bands are, as expected, at
longer wavelengths than the other pyroxene separates.
Chassigny and the olivine separate from ALHA77005
are Mg-rich, whereas the olivine separate from Nakhla
is more Fe-rich. Similarly, the shape of the combined 3
olivine bands near 1 µm reflect these compositional
differences [4, 5] (although this sample appears to con-
tain trace pyroxene contaminants).

The Mössbauer spectra are particularly useful in
evaluating the purity of these separates. It is clear from
Fig. 3 that our LEW88516 pyroxene separate contains
no olivine contaminant and all observed spectral fea-

tures are due to pyroxene. All observed spectral features
of this sample are consistent with other analyses of low-
Ca pyroxene [6, 7].

Figure 3. Mössbauer spectra of SNC mineral separates as well
as whole rock (wr). Chassigny is essentially pure olivine so
the mineral separate is identical to the whole rock. LEW88516
wr contains abundant olivine, whereas our pyroxene separate
is very pure and exhibits no trace of olivine contaminant.

Conclusions. The new data beyond 20 µm show
that this LEW martian pyroxene (probably pigeonite)
also exhibits features which previously had been
thought to be diagnostic of olivine (shown with vertical
lines in Fig. 2b) [8, 9]. Thus, although olivine must exist
in martian lithologies, the 20 – 50 µm region cannot
provide a unique identification of olivine. Spectral de-
convolution using the whole spectral range [e.g. 9] pro-
vides a more likely identification, provided the fitting is
not weighted towards the longer wavelengths. These
new results expand our knowledge of diagnostic fea-
tures and enable better detection of minerals on Mars.

References  [1] Dyar M.D. 2003, MaPS, 38, 1733-1752.
[2] Salisbury J. W. 1993, in Remote Geochem. Analys. (Pieters
& Englert) Cambridge Univ. Press, 79. [3] Burns R. 1993,
Min. Appl. Crystal Field Theory, 2d, Cambridge Univ. Press.
[4] Sunshine J. M. and C. M. Pieters 1998, JGR.,103,(E6)
13,675. [5] King T. V. V and W. I. Ridley 1987, JGR, 92,
11457. [6] Cloutis E. A. and M. Gaffey 1991, JGR, 96, 22809.
[7] Hamilton. V. E. 2000 JGR, 105, E4, 9701.[8] Hoefen T.
M. et al. 2003, Science, 302, 627. [9] Hamilton V. E. et al.
2003 MaPS 38, 871.

Lunar and Planetary Science XXXV (2004) 1171.pdf


