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Raman spectra of plagioclase-composition glasses from
three martian meteorites show only broad scattering
bands, while crystalline plagioclase and shock glass
from Manicouagan (Que.) show sharp scattering
maxima. Apparently, the martian meteorites were heated
sufficiently during shock to effectively disorder their
plagioclase-composition glasses, while the Manicoua-
gan glass was heated less. These results bolster earlier
conclusions that the term ‘maskelynite’ is inappropriate
for physical studies. Raman spectroscopy does show
great potential as a probe of ordering states of plagio-
clase-composition materials.

Introduction. Plagioclase is a sensitive indicator of
shock and thermal history. At shock pressures above
~29 GPa, plagioclase transforms to a diaplectic glass,
which has been known as maskelynite. At pressures
above ~ 45 GPa, plagioclase melts, and can cool to a
melt glass. On slow cooling, maskelynite reverts to its
original crystals, while melt glass devitrifies to fine
needles and radiating laths of plagioclase.

Glass of plagioclase composition in ALH 84001 was
called maskelynite [1], but Scott et al. [2] found evi-
dence that the glass had been molten. To explore this
difference, it is important to distinguish maskelynite
from melt glass in thin section. IR spectra are not diag-
nostic (3), so we investigated whether Raman spectros-
copy could be useful (as did [4]).

Methods and Samples. Raman analysis was per-
formed using a ChemIcon FALCON Raman microscope.
Laser excitation was provided by a 532 nm Nd:YAG
laser, which yields 0.2 - 2.0 Watts of power (at the laser
exit aperture). The laser excitation was coupled into the
FALCON system via a 200-micron diameter fiber optic
cable. Sample excitation and Raman scatter collection
was performed using a 50 X objective (NA=0.80) on the
Raman microscope. Spectra were collected using up to
1 W of power as measured at the sample, into a spot of
60 microns diameter. Rayleigh scatter was rejected us-
ing high efficiency holographic filters.

Spectra were collected from ~250 through ~1600 cm-

1, and calibrated against Kr emission lines. Raman spec-
tra were acquired of plagioclase-composition glasses
from: ALH 84001,7; ALHA77005,137  [5]; and
EETA79001,367 [6]. For comparison, we collected spec-
tra from terrestrial maskelynite (Manicouagan impact
structure [3]), plutonic labradorite, and andesine from a

basalt. Raman scattering from mounting epoxy was
observed in all thin section spectra, and was removed
by spectra subtraction.

Results.  Raman spectra of crystalline feldspars
(Fig. 1) were consistent with earlier results [7]: a quad-
ruplet of emissions at ~400, 490, 510, and 550 cm-1, and
broader emissions near 780 and 1050 cm-1. Peaks were
sharper for the labradorite than the andesine, consis-
tent with greater ordering in the plutonic feldspar. The
Manicouagan maskelynite has Raman spectra substan-
tially identical to the volcanic andesine (Fig. 1). How-
ever, infrared absorption spectra of this maskelynite is
substantially identical to plagioclase melt glass [3].

Plagioclase composition glass in EETA79001 is
classic maskelynite: optically isotropic and amorphous
to X-ray [8]; preserved igneous zoning of composition;
and relict grain boundaries and twin planes preserved
as variations in refractive index [6,8]. The EETA79001
maskelynite does not show the sharp Raman emissions
of crystalline feldspar and Manicouagan maskelynite
(Fig. 2). Rather, it shows broad emissions centered near
the 490, 550, and 780 cm-1 bands of crystalline plagio-
clase. Similar Raman spectra have been reported from
‘maskelynite’ in Shergotty [4].

ALHA77005 contains plagioclase melt glass [5]:
vesiculated, recrystallized at its edges to fine needles,
and with schlieren indicating mixing with olivine- and
pyroxene-composition glasses. The Raman spectra of
the plagioclase melt glass (Fig. 2) is like that of
EETA79001 — only broad emission bands.

Finally, Raman spectra of plagioclase composition
glass in ALH 84001 were taken from three areas, one of
which was vesiculated. All of these spectra were like
the melt glass of ALHA77005 — only broad Raman
emissions (Fig. 2).

Conclusions. Raman spectra of felspathic glass in
ALH 84001 are similar to those of recognized maske-
lynite in EETA79001 and to those of melt glass in
ALHA77005, but not to maskelynite from Manicoua-
gan. This apparent ambiguity from Raman spectra sup-
ports inferences that ‘maskelynite’ is not a useful con-
cept in microstructural or mineral-physical investiga-
tions [3,4]. However, ‘maskelynite’ is still a useful pe-
trographic term for describing optically isotropic feld-
spar-composition material pseudomorphous after crys-
talline feldspar.
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Our results suggest that Raman spectroscopy has
an important place in understanding shocked feld-
spathic materials. The Raman spectra of Manicouagan
maskelynite (like crystalline feldspar) are likely sensing
its small domains (~ 8 nm across) of crystalline feldspar
that are apparent in X-ray diffraction [3]. The abun-
dance and structures of these crystalline domains are
related to the time-temperature-pressure history of
glass [3], and may be quantifiable as a tracer of shock
and thermal history. Raman spectroscopy will be an
important probe of these crystalline domains, as Raman
is rapid and non-destructive, and permits significantly
better spatial resolution than X-ray diffraction.
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Figure 1. Raman spectra of terrestrial feldspar mate-
rials. Intensity values with arbitrary scales and offsets
to aid in comparison. Plutonic labradorite from Labra-
dor; volcanic andesine from Utah. Note quartet of
sharp emissions near 500 cm-1, and broader emissions
near 800 and 1050 cm-1.

Figure 2. Raman spectra of feldspar glasses from mar-
tian meteorites. Intensity values with arbitrarily scales
and offsets to aid in comparison. Bottom two spectra
(overlapping) are vesicular glass from ALHA77005;
middle two spectra are classic maskelynite from
EETA79001. Note broad emission peaks near 480 and
520 cm-1, similar to two of the sharp felspar emissions of
Fig. 1.
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