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Introduction
• Locating the source craters of the Martian meteorites is essential to providing geological context to the

only samples from Mars that we have here on Earth.
• Mid-infrared spectroscopy can be used to deconvolve the composition of the Martian surface, e.g., [1-3].
• Linear deconvolution relies on a spectral library to determine surface compositions. The current (mostly)

terrestrial library is not entirely representative of Martian meteorite compositions, especially pyroxene.
• Using non-destructive analytical techniques we can create a mineral spectral library with a random

orientation and a known geochemistry (essential requirements) from thin-sections.
• We present the largest spectral survey of Martian meteorites and minerals to date, which in the future will

be applied to the Martian surface to constrain likely source crater candidates.

Methods
• The Institute of Meteoritics UNM) supplied ~0.5 g chips of the following meteorites: NWA 6963, NWA 7034,

NWA 8159, NWA 10441, NWA 10818, NWA 11043, NWA 12335 and Zagami. These were cut and 1-inch
polished epoxy mounts were made.

• We applied the following analytical techniques:
1. Tescan Integrated Mineral Analyser (TIMA): High-resolution back-scattered electron (BSE) and elemental

x-ray maps were acquired using: 70 nm spot size, 3 µm step size, 15 mm WD and 25 kV.
2. Electron Back-Scattered Diffraction (EBSD): Crystallographic orientation maps were acquired using a

Tescan Mira3 VP-FESEM (variable pressure field emission scanning electron microscope) with an
Oxfords Instruments Symmetry CMOS detector with: 1-2 µm step size, 20 mm WD and 20 kV.

3. Electron Probe Micro-Analyser (EPMA): Major and minor elements were analysed using quantitative
mapping with a JEOL 8530F and JEOL 8530F Plus at the University of Western Australia with: 2 µm
pixel size, 40 ms pixel time, 40 nA beam current and 15 kV.

4. Micro-Fourier Transform Infrared (µFTIR) spectroscopy: TIR spectral maps were acquired using a
Thermo Scientific Nicolet iN10 MX µFTIR spectrometer with a MCT/A liquid nitrogen cooled detector
in the 4000-675 cm-1 (5-15 µm) wavelength range with: 25-100 µm spot and step size (sample dependent),
64 scans and 4 cm-1 spectral resolution.

Results
• Bulk Martian meteorite spectra show differences based on the modal abundance of their major mineralogy

pyroxene, olivine and maskelynite.
• There is significant spectral differences between different types of Martian meteorite (poikilitic vs basaltic).
• Martian pyroxene (augite and pigeonite) spectra show shifts in band minima and positions related to the

geochemistry and specific orientation of the mineral grains.
• Pyroxenes from different Martian meteorites but with similar compositions, display similar spectra.
• Specifically orientated grains (a, b or c axis) display different spectra. References: [1] Bandfield J. L. et al. (2000) Science, 287, 1626-1630. [2] Christensen P. R. et al. (2003) Science, 300, 2056-2061. [3] Christensen P. R. et al. (2004) Science, 306, 1733-1739. [4] Hamilton V. E. et al. 

(1997) JGR, 102, 25593-25603. [5] Rogers A. D. et al. (2007) JGR, 112, E2. [6] Christensen P. R. et al. (2000) JGR, 105, 9735-9739. [7] Wyatt M. B. et al. (2001) JGR, 106, 14711-14732. 

Future Work
• Expand the Martian spectral library to include all the major minerals such as olivine and maskelynite.
• Spectrally analyse plagioclase in Martian meteorites that has not been transformed into maskelynite.
• Apply the Martian spectral library, in combination with the current terrestrial library, to TIR spectra of the

Martian surface (Mini-TES, TES and THEMIS).

Figure 1. The non-destructive analysis pipeline for creating a Martian meteorite mineral spectral library using NWA 12335 as an example. A. TIMA
RGB (Fe – red, Ca – green, Mg – blue) element map (blue-purple-red = zoned pyroxene, bright red = oxides, dark green = maskelynite, bright green =
phosphates and carbonate veins, black = silica glass). B. EBSD orientation (Euler colour) map. The different colours represent varying crystallographic
orientations of the mineral grains. C. EPMA quantitative maps (1 – Mg wt%, 2 – Ca wt%, 3 – Fe wt%, 4 – Mg wt%). D. µ-FTIR spectral map
displayed at 873 cm-1 wavenumbers (blue = pyroxene, orange = maskelynite).

Figure 3. Pyroxene quadrangle displaying the composition of the Martian pyroxene spectra. Dark grey = terrestrial library compositions. Light
grey = pyroxene compositions in the shergottites. The composition of the synthetic pigeonite used in previous deconvolutions is also displayed.

Figure 4. Randomly orientation Martian pyroxene spectra compared against current terrestrial library pyroxenes [6-7]. 

Figure 2. Bulk Martian meteorite
spectra compared to previously
analysed Martian meteorites [4],
TES Surface Type 1 and 2 [1] and
TES spectra from Meridiani and
Syrtis [5]. BC = basaltic clast.

Figure 5. C axis orientated pigeonite spectra.
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