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In this study, we explore the capabilities and limita-

tions of IR microspectroscopy, and use IR microspec-
troscopy to investigate compositional changes in a lunar 
breccia.  Plagioclase is recognized as the dominant min-
eral, though more spectral variability is evident than in 
the bulk measurement of the same sample. 

Background:  Microspectroscopy offers a unique 
opportunity to measure precious extraterrestrial samples 
nondestructively, and obtain data which can be directly 
applied to remote measurements.  Additionally, being 
able to investigate spectroscopic variations across grain 
boundaries and through complex clasts produced in 
multiple brecciation events may provide additional in-
sight into their formation processes.    

IR microspectroscopy has not been fully explored as 
a tool for analysis of extraterrestrial materials in reflec-
tance or emmitance mode.  One of the most important 
features as applied to lunar and meteoritic material is 
that mineralogical information can be extracted totally 
non-invasively [1, 2].  When combined with the oppor-
tunity to collect such information in a spatial context, 
microspectroscopy provides a tool for investigating 
spatial variations and mineralogical composition. 

The Continuµm microscope is designed to collect in 
both transmission and reflectance modes, but is not op-
timized for diffuse reflectance.  Our initial analyses 
have thus focused on inherent strengths and limitations 
of this system, so that we can be confident of results 
when working with unknown materials.   

Approach:  Our measurements have focused on a) a 
particulate olivine reference sample (<63 µm) and b) an 
Apollo 16 potted butt studied in detail previously [3].    
Using a combination of MCT-A and MCT-B detectors, 
the system is designed to operate over a wavelength 
range of 0.85-25 µm.  Shown in Fig. 1 is a comparison 
of infrared spectra of our olivine sample measured by a 
typical diffuse reflectance attachment (Pike off-axis 
biconical) and by the Continuµm microscope with a 
spot size of 150 µm and 15x objective.   In the region of 
the spectrum dominated by body component (~0.85-6 
µm), the signal to noise ratio is significantly lower than 
in the mid-infrared.  This is in part due to the nature of 
volume scattering.  Although the beam may be focused 
on a grain of a single mineral, once the light passes into 
the grain it may interact with neighboring materials be-
fore being reflected back to the detector.  The resultant 
spectrum will include multiple interactions within a 
scattering sphere surrounding the target, rather than a 
pure spectrum of the targeted grain(s).  Because of this 
limitation at volume scattering wavelengths, we will 
focus on the wavelength range from 7.5-14.5 µm, which 
is within the surface scattering regime.    

A transect across Apollo 16 breccia 60019.214 (Fig. 
2) was collected using a 150µm spot size and 15x objec-

tive.  A 6x6 pixel raster map was also obtained with a 
70 µm spot size and 32x objective.  Both were collected 
using the MCT-A detector, IR source, KBr beamsplitter, 
500 scans and 4 cm-1 resolution.  A diffuse gold plate 
was used for background ratios.  
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Figure 1. Powdered (<63 µm) Olivine as measured using Pike 
diffuse reflectance accessory compared with the same Olivine 
as measured with a Continuµm microscope.  Both instruments 
use the same Nicolet Nexus 870 FTIR spectrometer. 
 

 
Figure 2. Locations of transect A and clasts examined on 
Apollo 16 breccia chip.  The length of transect A is 11 mm.  
The red box indicates the location of the raster map.   

 

Results:  Examples of spectra collected along tran-
sect A are shown in Figs 3-5.  Many of the spectra show 
a strong plagioclase component, as identified by the two 
features between 13 and 14 µm. Clast 1 (C1) appears to 
be primarily plagioclase, with the Christiansen feature 
at about 8.25 µm.  Many of the absorption band loca-
tions correspond with those in a plagioclase mineral 
separate, extracted from 15415 [4]; however, the 
strengths vary. 

Within the matrix, there is a much higher amount of 
spectral variability associated with degree of crystalinity 
(Fig. 4).  Some spectra are relatively featureless and  
dominated by glass. Others clearly exhibit the plagio-
clase features between 13 and 14 µm.  The Christiansen 
feature for matrix areas between C1 and BC1 still oc-
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curs at about 8.25 µm, though between BC1 and BC2, 
some of the spectra show a shifting to slightly longer 
wavelengths.   
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Figure 3. Spectra collected across a large clast (C1, Fig 2) 
compared with lunar mineral separates of plagioclase and 
maskelynite. Spectra are offset by for clarity.  
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Figure 4. Matrix spectra from two locations (1) between C1 
& BC1 (2) between BC1 & BC2. Lunar mineral separates of 
plagioclase and maskelynite are for comparison.  

 

Two regions in the sample appear to be composed of 
pieces of previously formed breccia or regolith material 
that was incorporated into the current assemblage (BC1 
& BC2, Fig. 2).  They have distinctive boundaries and 
can be differentiated from the surrounding material, 
although they are extremely heterogeneous.  These ar-
eas (shown in Fig. 5) exhibit much weaker absorption 
bands than most of the matrix (Fig. 4) and have a larger 
glass component. 

The Continuµm microscope includes the ability to 
collect raster scans of an area. Spectra were collected in 
a small square along the boundary of clast 2 (C2, Fig. 
2).  The data collected were converted to an ENVI im-
age cube to allow image processing.  An albedo map of 
the image cube is shown in Fig. 6. 

Discussion:  Spectra collected using the Continuµm 
microscope between 7.5-14.5 µm are to a first order 
comparable to mid IR spectra collected using other 
methods.  Despite the complications of measuring spec-
tra at shorter wavelengths, the signal to noise in the mid 
IR is good and absorption bands can be readily distin-

guished.  For the Apollo 16 highland breccia, plagio-
clase was expected to be the dominant mineral identi-
fied; indeed, plagioclase or maskelynite features domi-
nate almost all of the spectra on a microscopic scale.  
Mid IR spectra of a bulk sample of the same breccia 
(60019) measured with conventional methods do not 
show the feldspar features between 13 and 14 µm and 
appear to be dominated by the glassy component [4].  
Continuµm spectra of this breccia at a higher spatial 
resolution have documented much greater spectral het-
erogeneity, associated with mineralogical diversity. 
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Figure 5. Spectra from 150 µm areas within two clasts of 
brecciated material (Fig.2 BC1 & BC2) compared with lunar 
mineral separates of plagioclase and maskelynite.  
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Figure 6. Albedo map of the 10.7 µm band in the 6 x 6 pixel 
raster map from edge of grain C2 (Fig. 2) and selected spectra.  
The black area in the top left is a metal inclusion.   
 

Conclusions:  FTIR microspectroscopy is a useful 
tool for examining spectral variations in the mid IR.  In 
the case of Lunar Breccia 60019, individual mineral 
features which were not clearly discernable in the mid 
IR for larger bulk samples were evident through mi-
crospectroscopy, and variations between less weathered 
clasts and older recycled regolith fragments can be seen.  
Such high spatial resolution analyses may allow greater 
insight into the process of brecciation and regolith for-
mation on the Moon. 
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