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PETROGRAPHIC CHARACTERIZATION OF LUNAR SOILS: 
APPLICATION OF X-RAY DIGITALIMAGING TO QUANTITATIW AND 
AUTOMATED ANALYSIS. Stefan J. HIGGINS, Allan PATCHEN, John G. 
CHAMBERS, Lawrence A. TAYLOR, Planetary Geosciences Institute, Dept. of Geol. 
Sci., Univ. of Tennessee, Knoxville, TN 37996; and David S. McKAY, Mission Sci. & 
Tech. Office, Code SN14, Johnson Space Center, Houston, TX 77058. 

The rocks and soils of the Moon will be the raw materials for various engineering needs 
at a lunar base, such as sources of hydrogen, oxygen, metals, etc. The material of choice for most 
of the bulk needs is the regolith and its < 1 cm h t i o n ,  the soil. For specific mineral resources it 
may be necessary to concentrate minerals from either rocks or soils. Therefore, quantitative 
characterizations of these rocks and soils are necessary in order to better define their mineral 
resource potential. However, using standard pointcounting microscopic procedures, it is difficult 
to quantitatively determine mineral abundances and virtually impossible to obtain data on 
mineral distributions within grains. As a start to fulfilling these needs, Taylor et al. [I] and 
Chambers et al. [2] have developed a procedure for characterization of crushed lunar rocks using 
x-ray digital-imaging. In this paper, we describe the development of a similar digital-imaging 
procedure for lunar soils as obtained fiom an Oxford Instruments, Inc. Energy-Dispersive- 
Spectrometer unit (EDS) attached to a Cameca SX-50 EMP. 
SOIL FORMATION AND CONSTITUENTS: Lunar soil was formed by three processes: 1) 
comminutiorl - the disaggregation of rocks and minerals into smaller particles by 
micrometeorites; 2) wlubnabon . . - the welding of mineral and rock hgments together as a 
result of melts derived from micrometeorite impacts; 3) &pallation and implantation - the 
addition of important elements derived fiom solar winds (including Hz, 4 ~ e ,  3 ~ e ,  and CO) to the 
soil [3, 41. 

These soils contain 
monomineralic (clean) particles 
and fragments of basaltic and 
highland rocks (multimineralic), 
melt rocks, microbreccias, impact 
glasses, pyroclastic glasses (beads), 
and agglutinates. Of these different 
soil grains, the unique constituents 
are the agglutinates. Agglutinates 
contain a myrid of single-domain 
(40-300 A in size) and larger native 
iron (FeO) spheres formed as a 
product of the extreme reducing 
environment imposed on the 
silicate melt by the presence of 
solar-wind implanted Hz and C [S]. 
In addition, release of the solar- 
wind implanted volatiles during 
this melting process creates 
abundant vesicles. The abundance 
of tiny FeO spheres and the presence 
of vesicles serve as a means of Figure 1. Digital image of a typical agglutinate from 
petrographically distinguishing lunar soil 10084,74-1 SO pm size fraction. 
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agglutinates from other impact products [6]. 
DIGITAL IMAGING OF LUNAR SOILS: In order to determine the phases and grains present 
in lunar soils by x-ray mapping, qualifying chemical and petrographic data were established 
through an iterative process involving traditional microscope techniques and EMP image 
analysis. The Featurescan software utilizes user-defined chemical and physical criteria to 
identify phases (e.g., hi-Ca and hi-A1 are indicative of plagioclase), and because of the 
differences in rock and soil types arnoung the two regions of the Moon (i.e., the highland and 
mare), the same criteria can not be used all over. In this study, user-defined criteria are 
established for a mare basalt soil, 10084, because such soils have greater potential for resource 
utilization [4]. 
APPLICATION: The "imaging soil petrography" technique of this study was developed using 
various size fractions and magnetic splits of a hi-Ti, mature mare soil, 10084. This soil was 
chosen because of its petrologic complexity and vast array of petrographic constituents (i.e., from 
agglutinates to clean mineral fragments to pyroclastic glass beads). A secondary backscatter 
electron (BSE) digital image of a typical agglutinate from 10084 (74-150 pm size &tion) is 
shown in figure 1. Note the distinct holes (vesicles) and high glass content, both criteria used for 

classification. Table 1 compares 

Table 1. Digital-imaging obtained particle percentage data for the 44-74 pm fraction of 

data for lunar soil 10084,44-74 pm, as compared with 10084 acquired from this study 

microscopic data of Taylor and Oder [4]. with petrographic particlecount 
data obtained by Taylor and Oder 

particle this study Taylor and Oder [4]. The minor differences in the 
agglutinate 45.31 47.1 data are attributed to the 
microbreccia 6.75 0.9 subjectiveness of the defining 

(I) melt rocks 17.38 14.9 criteria The table is broken into 
impact glass 6.62 5.9 four groups: (J) particles containing 
beads 0.52 3.8 glass, (II) monomineralic 
ilmenite 5.84 7.0 fragments, (III) basalts, and (IV) 

(11) plagioclase 2.89 6.6 iron sulfides. 

pyroxenelolivine 1.12 1.6 Group I soil grains, with the 
exception of agglutinates, are 

(111) basalt 13.38 11.6 defined entirely on glass content. 
(IV) Fe/FeS 0.20 0.2 Morphology is used as an 

additional criteria for defining 
agglutinates. Therefore, fragments classified as agglutinates contain > 15% glass and have 
vesicles. Microbreccias, melt rocks, impact glasses, and beads contain 10-30%, 30-80%, 80- 
loo%, and 80-100% glass, respectively. Beads are distinguished from impact glasses on the 
basis of texture (i.e., they are round). Except for ilmenite grains, particles containing 80-100% of 
one mineral (e.g. pyroxene, plagioclase) are placed in Group 11. In this classification, fragments 
containing 40% ilmenite are considered (as per Taylor and Oder [4]) monomineralic. Group I11 
(basalts) consists of soil grains that contain two or more major phases (e.g., pyroxene and 
plagioclase). Particles classified in Group IV (Fe/FeS) are defined according to chemistry (i.e., 
fragments containing low Ti and Al, and high Fe and S). 
CONCLUSIONS: Essentially, the procedures outlined in this paper using digital-imaging 
analysis should be useful in quantitatively characterizing lunar soils for scientific purposes as 
well as for evaluations of potential resource utilization. 
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