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Introduction: Examination of the correlation between
UV/VIS ratio and TiO2 has revealed that UVVIS color is not
only a function of the TiO2 content of mare soils but also
includes spectral properties of a multitude of components that
impart color to lunar soils [1]. Hence, UVVIS color is not a
reliable predictor of Ti without the use of additional
information to provide other constraints. Recently calibrated
Clementine near infrared data (NIR) and newly acquired 70-
cm backscatter radar data may provide these additional and
important constrains as both data sets provide independent
information concerning ilmenite content in the lunar regolith.

Data: Clementine collected 11-band multispectral data
(0.415 - 2.79 µm) at 100-200 meter per pixel spatial resolution
for most of the lunar surface [2]. Color ratio maps were
constructed using the 415 and 750 nm images from the US
Geological Survey (USGS) digital image model [3-5]. The 2.7
µm data are from the global NIR mosaic produced by the
USGS at 500-m/pixel [5].

The 70-cm radar backscatter data presented here were
recently collected using the Arecibo and Greenbank telescopes
for transmission and reception [6, 7]. The radar echoes are
measured in both senses of circular polarization, and with a
spatial resolution of ~400 m. Typically, 6-8 looks are averaged
to reduce speckle in the final maps. These data represent a
considerable improvement in resolution over previous radar
images [e.g., 8, 9]. ISIS (Integrate Software for Imagers and
Spectrometers) was used to reproject the Clementine UVVIS,
NIR, and earth-based radar data to 500 m/pixel.

Observations: Color variations observed at 2.7 µm allow
easy discrimination and mapping of basalt flows in within
Mare Imbrium, Sinus Roris, Mare Frigoris, and Oceanus
Procellarum (Fig. 1). The 2.7 µm data may provide a better
mapping tool than the any individual wavelength of data and
even the UVVIS ratio. The UVVIS ratio and 2.7 µm data
exhibit good anticorrelation, however, the 2.7 µm data exhibit
greater variation by a factor of 3 than the 0.415 µm data (Fig.
2). The 2.7 µm data also contain topographic information that
the ratio image and individual bands at shorter wavelengths do
not. The 2.7 µm band is at the cusp between reflectance and
emittance; thus, information about topography is gained
because sun-facing slopes are warmer and emit more thermal
energy than shaded slopes. In addition, the 2.7 µm data allow
easier separation of maturity and compositional differences.
Variations in brightness at 2.7 µm constitute differences in
compositions, unlike the 750 and 415 nm data, where
differences in reflectance are dominated by differences in
maturity (particularly at 415 nm).

The lava flows in the Imbrium-Procellarum
region mapped with the Clementine UVVIS and
2.7 µm data show a strong degree of correlation
with unit boundaries in the 70-cm data (Fig. 1).

Fig 1. A) Clementine 415/750 ratio image, and B)
2.7 µm image showing Mare Imbrium, Frigoris, and
Sinus Roris. C) 70-cm radar backscatter image.
High-Ti flows mapped in the upper image with a red
outline correspond with low reflectance at 2.7 µm
and relatively dark in the radar backscatter image.
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This correlation is evidence that radar data are controlled to a
significant degree by the composition of the regolith,
particularly as the microwave loss tangent is sensitive to the
presence of ilmenite [8-11]. High ilmenite abundances are
associated with lower radar echo strength, assuming a uniform
rock population. The relative echo strength does not simply
mirror the spectral ratio values (Fig. 2); only the contrast
changes appear to be highly correlated. For example, the
Imbrium dark unit lies off the trend of the other 4 points in
both the radar versus UVVIS ratio and Lunar Prospector TiO2
versus radar data.

Variations from a simple anti-correlation of inferred TiO2
content and radar echo are likely due to differences in age-
dependent rock population (which affect the radar return)
and/or surficial contamination that influences the UVVIS
ratios.  The 70-cm radar energy penetrates to considerable
depth, up to several meters in mare materials. Since the depth
of penetration for reflected UVVIS and near-IR energy is only
a few microns, surficial deposits (e.g., crater rays) can
dominate the observed spectrum. Radar echoes average the
properties of the regolith over several meters depth, mitigating
the effects of thin layers of immature soil or highland
contamination. Thus, the optical and radar data provide
information.

Conclusions: Clementine 2.7 µm and 70-cm data may
play an important role in understanding the correlation of
color and TiO2 [12]. The 2.7 data show greater range in data
values with fewer affects due to maturity than the UVVIS
ratio. The 70-cm radar data provide compositional and rock
abundance information to depth, and may exhibit different
sensitivities to titanium in silicates versus opaques phases;
thus, they will play an important role in evaluating the
correlation between UVVIS ratio and Ti content. Thus, the 2.7
µm and radar data sets may provide complementary
information to the UVVIS ratio that may contribute to
improving remote sensing based calculations of TiO2
composition.
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Fig 2. Data acquired as shown on Fig. 1, (top) absolute
difference at 415 and 1/2700 relative to Sinus Roris light.
Because the 0.415 and 2.7 µm data are anticorrelated, the
inverse of the 2.7 µm data is plotted to generate a positive
correlation and enhance data separation; (middle)
comparison of radar and Clementine UVVIS ratio; and
(bottom) comparison between Lunar Prospector TiO2 and
70-cm radar data.
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