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Introduction:  Visible (vis) to near-infrared (NIR) spec-
troscopy  is  a  demonstrated  technique  for  identifying
minerals,  both  remotely  and  in  situ.  Imaging  spec-
troscopy  improves  this  technique  because  the  mineral
spectra and locations are inherently placed in the broader
geologic context.

Mineral identification from spectral data is facilitated
through  spectral  libraries.  However,  most  of  these  li-
braries are terrestrial materials, and while terrestrial min-
erals  may  be  sufficiently  representative,  the  physical
form of the material from which the laboratory spectra is
obtained  is  much  less  representative.  The  minerals,
mixed or separate, are crushed to fine grain sizes. While
planetary regoliths are mostly fine powders, they are not
accurately represented by freshly ground mineral sepa-
rates or mixtures of separates.

Moreover,  planetary regoliths contain chemical  and
physical complications that are reflected in their spectra.
Spectra of mature planetary regoliths provide very little
in the way of compositionally identifiable information.
For this reason, mineral identification using remote sens-
ing spectra often focus on exposed fresh rock surfaces.
However,  these are still not well represented by freshly
ground minerals separates or mixtures of separates be-
cause rocks are composed of an intimate mixture of min-
erals.

The  accuracy  of  vis-NIR  spectrometer  data  from
planetary missions would benefit from a more complete
and relevant spectral library of planetary materials, mea-
sured in their natural rock form.

Here we present our proof of concept study, which is in-
tended  to  demonstrate  a  larger,  important  endeavour  to
bridge  the  divide  between  geochemistry/petrology  and
spectroscopy,  by  creating  a  database  matching  spectral,
mineralogical, compositional, and relevant physical param-
eters of planetary and planetary analog materials. 

We have completed Phase 1 of this proof of concept,
spectral  imaging and analysis of three meteorites,  the re-
sults of which are presented in this abstract. Phase 2, micro-
probe analysis of the same meteorites, will begin in Febru-
ary. The results of phases 1 and 2 will be presented at the
conference in March. The three meteorites selected for this
proof of concept are: 

NWA 11302 is an unbrecciated eucrite. The texture is mi-
crogabbroic.  Minerals  are  exsolved  pigeonite,  calcic
plagioclase, silica polymorph, Ni-free metal, ilmenite,
chromite, and troilite [3].

NWA 10175 is a fresh fragmental breccia composed mainly
of angular mineral clasts plus a variety of lithic clasts
(basaltic eucrite, eucritic breccia) set in a finer grained
matrix. NWA 10175 is classified as a howardite based
on the presence of ~15 vol% of diogenitic orthopyrox-
ene. Other minerals are exsolved pigeonite, calcic pla-

Figure 1: Spectral imaging and analysis of three HED 
meteorites. (a) High-resolution (50 μm/pixel) true color 
images of the three meteorite samples. (b) Mineral class maps 
derived from hyperspectral images. Colors (and shades of 
gray) correspond to colors of spectral profiles shown in (c) 
and (d). (c) Spectral profiles of four pyroxenes identified 
based solely on spectral characteristics. (d) Spectral profiles of
three "dark minerals" distinguished in spectral image data.

Figure 2: (a) True color and (b-e) false-color
image of each meteorite showing specific values
of distinguishing  spectral characteristics. These
characteristics are: (b) the wavelength location of
maximum absorption of the 1 μm absorption band, (c) the 
wavelength location of the maxima between the 1 μm and 2 μm 
absorptions, and (d) The ratio of the reflectance values at 1308 
nm and 1436 nm, which correspond to lowest and highest 
wavelength values measured for the maxima of the four 
identified pyroxenes. (e) A color composite using each of the 
three characteristics. This color composite graphically 
demonstrates the distinguishing spectral characteristics between
the howardites, eucrites, and diogenites.
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gioclase,  silica  polymorph,  Ti-poor  chromite,  il-
menite, zircon, troilite, and altered Ni-free metal [4].

NWA 10763 is a recrystallized breccia (diogenite) com-
posed mainly of larger angular orthopyroxene grains
in a fairly coarse grained matrix. Accessory minerals
include chromite, troilite, and stained Ni-free metal
[5].

Phase  1:  Hyperspectral  Imaging:   Spectral  imaging
was performed by Corescan on the unpolished surface of
each meteorite billet. The Corescan system (HCI-3: Hy-
perspectral Core Imager Mark III) is made of three dif-
ferent sensors: a RGB camera (3 CCD true color) with a
resolution of 50 μm/pixel, a vis-NIR spectrometer with a
resolution of 500 μm/pixel, and a 3D laser profiler with a
resolution of 200 μm/pixel (not relevant to this analysis).
A mineral classification map was derived for each sam-
ple (Fig. 1), which identified four distinguishable pyrox-
enes  and three  "dark minerals".  Analysis  of  the "dark
mineral" spectra is not complete, so not further discussed
here.

Three  spectral
characteristics  that
distinguish the differ-
ent  pyroxenes  from
each other are identi-
fied  in  the  plot  of
wavelength versus re-
flectance  (Fig.  1c)
and  demonstrated
graphically,  as  a
false-color  image  of
each  meteorite,  in
Figure 2. These char-
acteristics are: (1) the
wavelength  location
of  maximum  absorp-
tion of the 1  μm ab-
sorption band, (2) the
wavelength  location
of  the  maxima  be-
tween the 1 μm and 2
μm  absorptions,  and
(3)  The  ratio  of  the
reflectance  values  at
1308  nm  and  1436

nm, which correspond to lowest and highest wavelength
values measured for the maxima of the four identified
pyroxenes.  Figure  3  demonstrates  that  plots  of  these
spectral characteristics can uniquely distinguish the three
meteorite types.

Phase 2: Preparation for Microprobe Analysis:  The
billets were mounted in epoxy and polished in prepara-
tion for microprobe analysis, ensuring the same face of
each billet used for the spectral imaging is the face that
will  be probed.  There is  negligible loss  of  material  in
polishing the surface for microprobe analysis, so the two
different instruments are analyzing identical surfaces, en-
sure that the spectra can be exactly matched to the identi-

fied mineralogy and chemistry.

Discussion of Future Work:  Following these two major
data acquisition phases, we will be creating a database that,
for  each  sample,  directly  matches  the  spectrum  of  each
pixel to the mineralogy and chemistry of the same spatial
area covered by that pixel. The resulting database will be a
tool for the lunar scientist to draw comparisons of remotely
sensed spectroscopic data with laboratory spectra of refer-
ence materials. It  will, for example, demonstrate any de-
tectable change in spectral features that correspond with a
systematic  change in  mineral  composition.  This  database
would also provide relevant information for calibration of
spectral measurements to geochemical analyses, and would
become invaluable to  the planetary scientist  for  geologic
mapping  and  resource  prospecting  using  remote  sensing
and in situ data. This database will include: (1) whole rock
petrography  and  chemistry,  (2)  mineral  chemistry,  (3)
modal  proportions,  (4)  grain  sizes,  and  (5)  single-  and
mixed-mineral spectra.

In addition to a text and numerical database of our ana-
lytical  results,  we will  create  an image-based,  multi-lay-
ered, graphical database for each of the analyzed samples.
Spectral imaging and compositional maps generated from
rastered microprobe measurements analyses will each gen-
erate a layer that is mapped to the thick section surface. We
will also create a petrographic layer that delineates (where
applicable) breccia clasts, mineral grains, inter-clast matrix,
mesostatsis, impact melt, etc. resolvable by the microprobe.

These maps are the foundation for directly relating the
mineralogy and chemistry specific to the spectral profile of
a given pixel derived from the spectral imager, which will
provide  the  means  to  link  mixed  mineral  spectra  to  real
modal mineralogy for mineral identification, as well as for
testing  and  refinement  of  various  spectral  deconvolution
models.

Testing & Improving Spectral  Deconvolution Models:
These data provide vital information for our continued ef-
forts to test and refine spectral deconvolution models.  For
example,  because  the  microprobe  results  will  effectively
have  higher  spatial  resolution  than  the  spectral  images,
there is more detailed information about different mineralo-
gies and chemistries on a sub-pixel scale. The proportions
within  that  pixel  can  be used  as  deconvolution  model
“testbeds”, model validation, refinement of constants, and
quantification of uncertainties. Since the samples are mete-
orites, the results are inherently more relevant to planetary
studies. Spectral imaging and microprobe measurements of
the same meteorite surface under controlled laboratory con-
ditions provide an improved selection of endmembers for
linear mixing analysis models [6]. Specific measurements
can be used to derive mineral optical constants for Radia-
tive Transfer Model [7].
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Ehlmann et al. (2016) 3rd Int. Wkshp Instru. Planet. Miss., #4097;
[3]  Bouvier  et  al.  (2017)  MaPS,  Met.  Bull.  104,  doi:
10.1111/maps.12930; [4] Bouvier et al. (2017) MaPS, Met. Bull.
105, doi: 10.1111/maps.12944; [5] Bouvier et al., (in preparation)
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Figure 3: Plots of three spectral 
characteristics determined from 
analysis of spectral images, that can
spectrally distinguish pyroxenes in 
howardites, eucrites, and diogenites
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