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Introduction: Meteorites represent important 

samples with which to understand the formation and 

evolution of our Solar System. They are precious and 

often unique, containing interesting features or 

attributes that are not observed in terrestrial materials. 

Most analytical techniques require destructive processes 

or procedures in order to produce detailed 

compositional information, which can hinder 

opportunities to analyse the same material using 

multiple techniques. Non-destructive techniques are 

thus desirable for sample retention and the ability to 

correlate analyses on targeted and identical 

minerals/phases.  

We have been developing procedures to analyse 

meteorite materials through non-destructive techniques 

to develop a protocol for correlated analyses. Here, we 

report our preliminary data gathered using the novel 

technique of infrared spectroscopic imaging (ISI). This 

technique utilizes the inherent chemistry of materials for 

contrast, where the absorption of infrared (IR) light by 

vibrational modes of molecular constituents at 

characteristic wavelengths provides information about 

composition [1-2]. Importantly, the intensity of light 

absorbed is directly related to the concentration of the 

molecular species, allowing for quantitative mapping of 

chemical identities across materials. Since infrared 

imaging uses fundamental molecular vibrations for 

contrast, it allows for the construction of a chemical map 

for a chosen material through non-destructive means. 

Each pixel contains an infrared absorption spectrum, 

which is turn provides a chemical fingerprint relatable 

to sample constituents.  

The ISI instrument was built in-house at the 

University of Alabama (UA) and utilizes narrowband 

Quantum Cascade Lasers (QCLs) as illumination 

sources that allow for high signal to noise ratio (SNR), 

and discrete frequency measurements, enabling image 

acquisition at significantly faster speeds. The technique 

has been developed previously for mostly biomedical 

imaging (e.g. cancer histopathology, [2-3]), where this 

technique effectively provides a chemical ‘stain’. Our 

aim is to extend this approach towards characterising 

hard-rock materials such as meteorites, in order to help 

provide non-destructive analysis to preserve precious 

materials. To our knowledge, this is the first time that 

this technique and instrumentation (QCL-microscope) 

has been used to analyse a meteorite sample. 

Sample Description: Dhofar (Dho) 485 is a 

howardite meteorite that contains both eucritic and 

diogenitic clasts within a well-consolidated matrix. Dho 

485 contains numerous melt clasts, and the sample has 

been targeted previously for in-situ argon (Ar) dating 

[4-5]. Howardites are believed to originate from the 

surface of the asteroid (4) Vesta [e.g.6], and many 

display notable regolithic features and compositional 

variability derived from the inclusion of many lithic 

fragments with different histories. Studying these varied 

clasts using many techniques can thus help us 

characterize regolith processes, and correlate our 

findings with on-going research on dating these 

materials [4].  

Methodology: A thin section of Dho 485 (mounted 

on standard glass) was loaded into position on the 

instrument. The reflected light from the specimen was 

measured using the QCL-microscope. The instrument 

was programmed to analyse areas of size 5mm x 5mm, 

with a pixel resolution of 2 microns. Discrete frequency 

images were measured at infrared wavenumbers from 

1000-1740cm-1 with a spacing of 8cm-1. The discrete 

frequency images were stitched together to generate  

hyperspectral IR data. Note: Typical analyses are 

performed using infrared reflective slides. Data from 

this sample thus represents a mixture of both absorption 

and backscatter. 

Results: Three target areas of Dho 485 were 

selected to represent various regions of the sample, as 

highlighted in Fig. 1. Fig. 1b shows the integrated IR 

image for one selected area, with the associated 

integrated IR spectrum for the area shown in Fig. 1c.  

All three IR images collected show strong 

resemblance to the respective ppl image of the sample 

(Fig. 1), where grain boundaries and mineral features 

are observed in all cases. An assessment of images 

collected through the range of wavenumbers also 

highlights some possible features such as zonation, that 

may relate to chemical differences.  

Discussion: We have successfully demonstrated 

that ISI techniques can produce images of lithic 

materials, where the IR images are almost identical in 

form to the field of view observed. Different minerals 

present can be identified and compared to standard 

petrographic images using the reflected infrared signal. 

Future work will aim at relating the signal obtained in 

our measurements to chemical compositions and their 

variations across specimens. We will also work to 
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mount materials on IR reflective surfaces to improve the 

signal measured. With comparison to standard 

petrography and other compositional techniques, we are 

confident that we will be able to help improve protocols 

to characterize materials present in meteorites.  

Previous IR applications include the use of IR 

cameras on missions [e.g. 7] to reveal surface 

compositions of selected areas, or IR spectroscopy 

through syncatron techniques  to determine distributions 

of organic matter in chondrites [8]. More recently, 

nanoscale imaging using atomic force microscopy 

(AFM) to study organic-mineral associations at ~30 nm 

spatial resolutions [9]. With our preliminary data using 

the QCL-microscope, we are confident that additional 

development of IR techniques will help provide 

valuable data using non-destructive techniques that can 

help better characterize meteoritical materials.  
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Fig. 1: Dho 485 A) Plane-polaried light (PPL) image 

of thin section with targeted ISI areas represented as 

yellow boxes. B) Integrated IR image for one selected 

area in A). The intensity scales blue to red to indicate 

intensity of absorption and backscatter. C) A plot 

showing the integrated intensity vs. wavenumber 

spectrum for the selected area. 
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