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PETROGRAPHY OF LUNAR ILMENITE RESOURCES. G. H.  Heiken and D. T. Vaniman 
Earth and Space Sciences Division, Los ALamos National Laboratory, Los Alarnos, NM 87545. 

Ilmenite will be an important lunar resource, to be used mainly for oxygen production 
but also as a source of iron. Ilmenite-rich regoliths are also important because of their 
relatively high H2 contents. Titanium-rich basaltic lavas and associated regoliths are known 
to cover much of Mare Serenitatis and Mare Tranquillitatis and have been sampled at the 
Apollo 11 and 17 landing sites; these lavas have been studied intensely and their mineralogic 
and chemical characteristics are well known. 

We are evaluating the volumes, grain sizes, textures. and shape factors of ilmenites in a 
suite of high-Ti lavas, regolith breccias, and regolith samples. The goal is to determine which 
of these rock and soil types are best for separation and beneficiation of ilmenite. An IS1 
scanning electron microscope and a Tracor advanced image processing program are used to 
analyze polished thin sections; between 100 and 800 ilmenites per sample are analyzed for 
area, perimeter, average diameter, length, width, shape factor [perirneter2/(4n: area)], aspect 
ratio (length/width), and orientation. 
Ihmite  Resources in High-ntanium Basaltic Mare Lam 

Ilmenite abundances in high-Ti basaltic lavas are higher (10-20°h) than in high-Ti 
mare soils (mostly <lo%). This factor alone may make crushed High-Ti basaltic lavas more 
attractive as  a target for ilmenite extraction as an oxygen or iron resource. but there are two 
other factors that make coarse-grained, high-Ti lavas particularly attractive: 

(1)  Useful Single llmenite Crystals. Concentration of ilmenite from either a crushed 
basalt or regolith requires sizing to avoid polycrystalline fragments. Data from the 2.8 m- 
thick regolith sampled by coring at the Apollo 17 site show that even in the most basalt-clast- 
rich and least mature stratigraphic intervals, free ilmenite grains make up less than 2% of the 
0.02- to 0.2-mm size fraction and a mere 0.3Oh of the 0.2- to 2-mm size fraction (1.2,3,4; Fig. 1). 
However, in coarse-grained high-Ti basaltic lavas, about 60-80% of the ilmenite will consist of 
relatively "clean" single crystals if the rocks are crushed to a size of 0.2 mm. For the two 
coarsely crystalline basalts shown in Figures 2 and 3. such processing will produce lO0h 
(700 17) to 15% (78505) "clean" ilmenite per volume of rock crushed and sieved. 

Fine-grained high-Ti basalts (e.g.. 70215 and 74275). with thin skeletal or hopper- 
shaped ilmenites. would produce essentially no free or "clean" ilmenite grains unless crushed 
to sizes of less than 0.15 mm, and only -7% free ilmenite if crushed to sizes smaller than 0.05 
mm (Figs. 2 & 3). Shape factors (Fig. 3) are comparable in coarsely crystalline and finely 
crystalline basalts. 

(2) Agglutinate auoldance. Electrostatic separation of ilmenite from agglutinates in 
mare soils is possible but magnetic separation is not. The absence of agglutinates in crushed 
basalt may simplifv mineral concentration and processing. 
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Figure 1. Variation, with depth, of opaque oxide abundances within the Apollo 1'/ regolith drillcore. Data 
are h m  refs. 1.2,3,4. 
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Figure 2. Plots of cumulative fraction of total ilmenite vs. width (min. diameter of ilmenite phases) for four 
high-Ti mare basalts. Samples 70215 (16.6% ilmenite) and 74275 (14.5% ilmenite) are fine-grained 
basalts with elongate tabular to skeletal ilmenite [aspect ratios (L/W) up to 81 . Samples 70017 (16.5% 
flmenite) and 78505 (18.7Oh ilmenite) are coarse-grained basalts with equant to slightly elongate, blocky 
ilrnenites. It is possible to determine the approximate percentage of "clean" ilmenite in a crushed and 
sieved sample by reading up from any hypothetical size along the x axis to determine the approximate 
fraction of ilmenite larger than the crushed size (fraction above the width size cutoff, times the total per 
cent of ilmenite in the sample. 
Fieure 3. Sham factor vs. width of ilrnenite in hi&-TI mare basalts. 

Ilrnenite Resources in Lunar Regolith 
McKay and Williams (5) have noted that regolith developed on high-Ti mare basalts 

may have as much as 5% ilmenite that could be extracted as a resource. There is a distinct 
decrease in free ilrnenite with increasing soil maturity (5); this is apparent in Figure 1, where 
the volume of coarse ilmenite correlates with the maturity of soil layers. 

A nearly ideal soil for ilmenite extraction is 71060, collected on the mare surface in the 
Valley of Taurus-Littrow. It is an immature soil (Is/FeO=14; MZ=l 14 p; 27% agglutinates). At 
grain sizes <250 pm, free ilrnenite makes up <2% of this samples. In the >250 pm fraction the 
ilmenite is within basalt clasts, which must be crushed for processing. 

Sequential transport analysis (6) of lunar soils may provide information on the degree 
of comminution and separation of ilmenite phases from basalt clasts during regolith 
formation. This method will be used this year to further evaluate regolith ilmenite resources. 

A quandary develops when evaluating regolith as an ilmenite resource; if it is a fresh. 
immature soil, the highest free ilmenite concentrations are present; if it is a mature soil. there 
is much less free ilmenite. but more solar-wind-implanted hydrogen, which is also a much- 
needed resource. 
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