
LPS XXVII 781 

LUNAR TITANIUM CONTENT FROM UV-VIS MEASUREMENTS; 
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HIGPISOEST, Univ. of Hawaii, 2525 Correa Rd., Honolulu, HI 96822. 

INTRODUCTION: Recently a technique for deriving the Fe content of the lunar surface from 
spectral measurements in the extended visible wavelength range was developed and applied to 
images obtained by Clementine cameras [I]. In concert with that effort, we have been re- 
examining the effects of Ti content on the spectral properties of a group of lunar soil samples. 
Insight gained from the study of the soil spectra has suggested a method for calibrating lunar 
imaging data sets to Ti02. Ti02 images have been prepared from Galileo and Clementine data. 
BACKGROUND: Titanium is a major element which is useful in identifying important lunar rock 
types. Ti is present in lunar materials primarily in the opaque mineral ilmenite (FeTi03). Ilmenite 
is dark and spectrally neutral, so that it reduces the contrast in Fe+2 absorption bands and generally 
decreases the overall spectral slope (i.e., makes the slope less red) [2]. This causes a change in 
ultraviolet/visible (UVMS) ratio values. Mare soils in particular exhibit strong ratio variations [3]. 

A comparison between laboratory spectral reflectance measurements of bulk lunar soil samples 
and telescopic reflectance measurements of Apollo and Luna landing sites with the Ti02 content of 
returned soils was used to establish an empirical relationship [4] between soil wt.% Ti02 and the 
0.4010.56 pm reflectance ratio. Known as the Charette relationship, it was used to produce Ti02 
maps from early telescopic vidicon imaging [5,6], and more recently telescopic CCD imaging [7]. 
Changes in UVMS ratio that correlate with Ti02 content in lunar samples were also noted by [8]. 

The Charette relationship is limited to mature mare areas because the UVNIS ratio is also 
influenced by soil Fe content. Mare basalts have relatively narrow ranges of Fe, but at low 
abundances of Ti02, the UVNIS ratio is dominated by variations in Fe. The most recent 
comprehensive mapping work [7] has concluded that the reliability of the Charette relationship is 
poor at Ti02 contents less than about 3 wt.%. 
METHOD: We have developed a new method for determination of Ti which is applicable to much 
lower Ti contents and is insensitive to Fe, thus allowing Ti-mapping to be extended to the lunar 
highlands and low-Ti maria. A summarized in [9], the UV-VIS-near-infrared spectral properties of 
lunar soils are highly correlated with both Ti and Fe. The spectral effects of Fe are strongly 
dependent on oxidation state. Fe+2 in minerals causes a strong allowed absorption in the UV, and 
a weak forbidden absorption in the near-infrared (NIR) at -1 pm. Material poor in Fe (and Ti) 
will have a high albedo, and weak or nonexistent absorptions in the UV and NIR. Increasing Fe+2 
in minerals, or increasing mafic mineral fraction in soils, will produce decreased albedo and 
stronger UV and NIR absorptions, apparent through decreasing ratios of UV and NIR 
wavelengths relative to a continuum wavelength near 0.75 pm. 

The spectral effects of reduced (metallic) Fe are quite different. In a complex soil evolution 
process referred to as maturation, lunar soil accumulates very fine-grained ( ~ 3 0  nm) particles of 
reduced Fe metal as it is exposed to space [e.g., 101. The Fe metal is produced by in situ reduction 
of Fe+2 to Feo, though the details of the process are not well understood. The fine-grained Fe 
causes the soil albedo to decrease and the overall spectrum to redden [ l l ] .  Therefore, as a soil 
matures, it darkens, the UVIVIS ratio decreases, and the 1.010.75 pm ratio increases. The 
orthogonal effects of Fe+2 and Feo in the VIS and NIR have been exploited to decouple the source 
Fe content from the effects of maturity [I,  121. In the UV-VIS portion of the spectrum, the two 
forms of Fe have similar effects, namely they both cause a soil to darken and its spectrum to 
redden (decrease UVNIS ratio). This contrasts with the effects of increasing ilmenite (and thus 
Ti), which also darkens the soil, but increases the UVNIS ratio. 

By exploiting these relationships, we employ both the UVMS ratio and the spectral reflectance 
to separate the effects of Ti from both forms of Fe. Fig. 1 is a plot of the 0.4110.75 pm ratio vs. 
the reflectance at 0.75 pm for Galileo EM2 data [13]. Two major trends are evident, illustrating 
the orthogonal effects of Fe and Ti. The mare basalts comprise the trend from upper left to 
reflectance values of about 0.15. At the low-reflectance, high-ratio end of the trend are high-Ti 
basalts, including the well-known Apollo 11 high-Ti basalts. The higher-reflectance, lower-ratio 
end of this trend represents low-Ti basalts. The other trend is formed by highland material varying 
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both in source Fe content (Fe+2) and maturity (Feo). These two trends are also seen in plots 
prepared from global 35 kmlpixel resolution Clementine imaging [14] at similar wavelengths. 

The two trends are nearly orthogonal, and may be decorrelated by rotating the coordinate system 
so that the trends are parallel to the axes. The y-axis value thus becomes a Ti-sensitive spectral 
parameter. The value of the Ti-parameter for spatially uniform Apollo and Luna landing sites was 
extracted from the Galileo data. Plotting Ti-parameter vs. measured landing site Ti02 and fitting 
the data permits the Ti-parameter to be mapped to wt.% Ti02. A plot of the predicted Ti02 vs. the 
actual Ti02 at the sample return sites appears in Fig. 2. The residuals of the fit to the landing site 
values have a 1-0 of 0.7 wt.%. A similar process was used to construct a Clementine Ti02 map. 
APPLICATION TO GEOLOGIC PROBLEMS: A persistent problem in lunar science concerns the 
Luna 24 landing site in Mare Crisium. The mission returned mare soils with -1 wt.% Ti02. The 
limitations of the Charette relationship for low-Ti basalts have hampered previous attempts to 
quantify the landing site Ti02 using remote UVNIS measurements[5, 151. The new Ti02 
algorithm and the high-resolution Galileo map indicate small areas near the reported landing site 
with low Ti-parameter values, indicating ~ 1 . 5  wt.% Ti02. Follow-up studies will be conducted 
using full-resolution Clementine (- 150 mlpixel) data. 

Other studies utilizing the new Ti results include global characterization of the maria and 
implications for the magma ocean and evolution of the lunar mantle, examination of individual lava 
flows in Mare Imbrium, comparison of nearside light plains, and the nature of materials exposed 
by the South Pole-Aitken basin 11161. 
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Figure 1. (left) Plot of 4101756 nm ratio vs. 756 nm reflectance derived from Galileo imaging. See text. 
Figui-e 2. (right) Plot of predicted Ti02 values for sample return sites extracted from the Galileo Ti02 image 

vs. average Ti02 of the returned samples. The points represent, from left to right, Luna 20, Apollo 16, Luna 24, 
Apollol4, Apollo 12, Luna 16, and Apollo 11. The diagonal line represents a perfect correlation. 
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