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VIS~BLE - INFRARED PROPERTIES OF CONTROLLED LPLBORATORY SOILS. C .  M. Pieters, J. 
F. Mustard, S. F. Pratt, J. M. Sunshine, and Andrew Hoppin, Brown University, Providence, RI 

Introduction. Almost all surfaces available for remote observation consist of particulate 
materials, or soils. The distribution of mean particle sizes depend on the original material and 
physical and chemical processes that have acted on the surface over time. It is well known that the 
optical and infrared spectral properties of materials depends on the particle size (1,2). There has 
been little detailed study, however, of natural soils, namely particulate materials with a range of 
particle sizes (3). Current models for intimate mixing (4) typically use an average particle size in 
calculations and are most successful when the particle size is constrained by known sieve fractions. 
Reported here are preliminary results of a study in which soils were prepared with a known 
composition and range of particle sizes. This discussion presents the overall visible to infrared 
properties of these synthetic soils and evaluates the mid-in- properties. A companion paper 
(5) discusses the optical properties and information extraction from modeling lithologic mixtures. 

Experimental Procedure. Five minerals were prepared in different size fractions [s: <25pn, m: 
25-75p,  1: 75-250pn1, and mono-mineralic soils were prepared from these with three different 
distributions of particle sizes [large (LS), medium (MS), and small (SS)] (see description in 5). 
Initial experiments have focused on the mafic minerals clinopyroxene (Cpx), orthopyroxene (Opx) 
and olivine (Olv). Three multicomponent soils were prepared with the same "gabbroic" 
composition (Cpx:Opx:Olv = 3: 1: I), but with distinctly different particle size distributions for each 
mineral constituent. Spectra of all samples were measured in the RELAB. The visible to near- 
infrared (0.3 - 2.5 pn) was obtained with the bidirectional spectrometer and the mid-infrared (2 - 
25 p) was measured under purged conditions using a Nicolet 740 FTIR. Composite spectra (0.3 
- 25 pn) of the Cpx size separates and the Gabbroic soils are shown in Figures A and E. The 
remaining figures present the mid-infrared properties of mineral size fractions, mono-mineralic 
soils, and the gabbroic soils. The labels on each figure identify the size fraction, the percent of 
each size in the mono-mineralic soils, and the type of mono-mineralic soil used for each of the 
gabbroic soils. The order on the labels refer to the order of the spectra at 10 pn. 

Discussion. In the visible to near-infrared, non-opaque materials become brighter with 
decreasing particle size and crystal field absorption features tend to become weaker. These 
properties can be seen in the Cpx size fractions of Figure A and are observed for all samples under 
study (see 5). For the strong fundamental absorptions in the infrared, however, some of these 
characteristics are reversed. Separates of large particles are typically brighter and have much 
stronger spectral contrast than their finer counterparts (Figures B and F). The "transparency 
feature," a peak noted for small particles by (6), is also seen near 1 3 . 5 ~  for Cpx and near 13mm 
for Olv. The mono-mineralic soils (Figures C, D, G) edubit properties of both the large and small 
particles constituents. The soils with a higher abundance of small particles (SS) exhibit properties 
similar to those of the small size fraction (s) and those with a larger fraction of large particles (LS) 
exhibit properties generally similar to those of the larger particles (I), but no general rule applies to 
all parts of the spectrum. Small particles, for example, appear to have a stronger relative effect at 
the shorter wavelengths near 9 p.m. At wavelengths near the "Transparency" peak, however, the 
spectra of all soils converge, suggesting this feature could be particularly useful in remote 
analyses. Since the "Transparency Feature" is predicted to decrease with decreasing atmospheric 
pressure (6), we will investigate this feature under a variety of atmospheric conditions (7). 

Since large particles have stronger features due to Reststrahlen bands near 1Opm than small 
particles, it was anticipated spectra of gabbroic soils that contained minerals with a larger size 
distribution (LS) would would be dominated by features of that mineral. The opposite is shown to 
be the case. Distinct features of these Cpx, Olv, and Opx are identified with arrows, lines, and 
dotted line, respectively, on figures C, G, D and H. Even though the proportion of minerals is the 
same for the gabbroic soils of Figure H, it is clearly the small particles that dominate the spectral 
properties. For example, for soil LS/LS/SS (the middle spectrum at l o w ) ,  the Cpx and Opx 
features are the weakest and the Olv are the most prominent. 
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