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Introduction:  The behavior of mineral spectra in
the thermal infrared (TIR) has been established and
well documented [e.g. 1-4] along with the linear
mixing of the component spectra in the infrared re-
gion [e.g. 5-8 and references therein].  These trends
and characteristics are useful for interpreting the
compositions of geologic surfaces observed by re-
mote sensing instruments.  In common geologic envi-
ronments, much of the material measured via remote
sensing may be secondary components formed by the
weathering of the primary rock, and it is important to
understand how the identification of primary rock
types is affected by the presence of secondary phases.
Comparing the spectra of weathered and unweathered
surfaces helps identify spectral trends between the
two, which may be used to better interpret remote
sensing data.

Previous studies have investigated the effect of
weathering rinds or coatings on rock spectra in the
TIR [9-14].  All of these studies have demonstrated
changes in thermal infrared spectra based on the
presence of increased abundances of secondary min-
erals.   The result of weathering on rock spectra in the
TIR has important implications for the spectroscopy
of the Martian surface and the planet’s geologic his-
tory.  Our study builds on the efforts of prior investi-
gators by surveying additional samples, examining
lithologies that are understudied, and attempting to
produce a “correction factor” based on observed
spectral trends.

A suite of 48 rock samples are being examined in
this study and include the following types: gneissic
granite, gneissic aplite, quartz monzanite gneiss,
metarhyolite, granite, granodiorite, quartz syenite,
basalt, diabase, greenstone, quartz arenite, siltstone,
sandstone, quartz-wacke, and limestone. The weath-
ering process results in differences in the abundances
of primary and secondary minerals, which are distin-
guishable in the spectra of weathered and cut surfaces
of these rocks as spectral contrast and shape changes.
It may be possible to quantify these trends and use
the correlation to determine the correct rock type
regardless of the amount of weathering.  The wide
range of lithologies included in our study allows for
comparison of weathering effects between rock types.

Approach:  Hemispherical reflectance spectra
over the range of 4000-650 cm-1 (~2.5-15 µm) were
obtained using the Nicolet 470 FTIR spectrometer at
the University of Hawaii [15]. Samples were col-
lected, shipped to the facility, and analyzed as re-
ceived (no washing or cutting of new surfaces).
Where possible, measurements were taken from
weathered, fresh/fractured (i.e. not obviously weath-
ered), and cut surfaces of each rock sample. For
analysis we have inverted the reflectance spectra to
emission using Kirchhoff’s Law (ε = 1 - r).  Meas-
urements of emissivity spectra are underway and will
be added to the study as they become available.

The spectra of specific rock types were combined
into larger, more general groups that share the same
primary minerals.  These groups are a) granites and
gneissic granites, b) metarhyolites, c) basalts, d)
clastic sedimentary rocks, and e) limestones.  The
spectra were then linearly deconvolved [6] over the
range 2000-650 cm-1 (~5-15 µm).  The end-member
sets for each rock type group were assembled from
the ASU spectral library [16] and personal collec-
tions, and were based on the primary minerals that
compose each type, along with common secondary
minerals. Here we show preliminary data from the
granite and gneissic granite group.

Preliminary Observations and Discussion: Fig-
ure 1 shows an example of weathered and cut surface
spectra, which exhibit differences ranging from de-
creased spectral contrast to changes in shape.

Qualitatively, the spectral shapes of fresh surfaces
appear more similar to the weathered surface spectra
than cut surface spectra.  Quantitatively, mineral
abundances from spectral deconvolution of many
fresh surface spectra most closely match the weath-
ered surface mineral abundances.   These results are
consistent with prior observations [17] that rock sam-
ples tend to fracture along pre-existing weaknesses,
which act as conduits for water and can be lined with
weathering phases that are observable in the infrared
spectra.  Clinging fines, not easily visible, may also
increase the similarity of seemingly fresh surfaces to
weathered surfaces.  In our initial analysis, we ex-
clude samples with less than 60% primary minerals
in their cut surface deconvolutions.
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Figure 1:  Spectra from three surfaces of a granite
sample. Measured spectra are shown in black; mod-
eled spectra are shown in color.

Figure 3:  Ratio
of quartz to total
feldspar for cut
and weathered
surfaces.  A con-
stant decrease of
both quartz and
feldspar would
plot along the di-
agonal line.

Granite and gneissic granite. The 21 samples in
this group show firm evidence for trends relating
weathered and unweathered surfaces.  For over 60%
of samples, the abundance of quartz and/or plagio-
clase feldspar is depleted on the weathered surface, as
illustrated in Figure 2.  Abundances that fall within
5% of the cut surface values are considered to have
no difference (~40% of samples for plagioclase, 35%
for quartz).  Clay mineral abundance is increased in
the weathered spectra of almost every sample (Figure
2). Abundances of primary minerals (quartz, plagio-
clase feldspar, and alkali feldspar) in the weathered
surfaces decrease from cut surface abundances by 5-
65%. In addition, relative proportions of the primary
minerals differ between the two surfaces of these
samples, in some cases due to a greater decrease in
quartz, in others due to a greater decrease in feldspar
(Figure 3).  As a result, 2/3 of the samples would be
misclassified if based solely on abundances from
weathered surface spectra.  These observations of
granitic rock samples are consistent with those of
Michalski et al. [12].  These preferential weathering
trends may be useful in determining correct identifi-
cation of rock types from TIR spectral models.

Ongoing and Future Work:  Emissivity meas-
urements are ongoing.  We are analyzing the other 4
sample groups as shown here for the granitic group,
and initial results suggest similar behaviors of pri-
mary and secondary minerals.  Additional work will
attempt to quantify the trends in enrichment and de-
pletion, the outcome of which will improve the clas-
sification of weathered rocks from remote sensing
data. We will also analyze the data with the degraded
resolution and decreased range of TES to determine
its reliability with these realistic constraints.
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Figure 2:  Variation of components between the
weathered and cut surfaces of the granitic samples.
Plagioclase feldspar and quartz values are depleted
in the weathered surfaces while clay mineral abun-
dances are enriched. The dashed lines represent
values within 5% of cut surface values.
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