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HIGH SPATIAL RESOLUTION MAPPING OF LUNAR MARE TITANIUM 
ABUNDANCES; D.E. Melendrez, S.M. Larson, R.B. Singer, and J.R. Johnson, Planetary Image 
Research Laboratory, University of Arizona, Tucson, A Z  85721. 

New high spatial resolution maps of wt % Ti02  have been generated for western Mare 
Tranquillitatis and northern Oceanus Procellarum. Guided by the work of Johnson et al. 
(1991~)  [I], these mare areas were chosen for their relatively high titanium content and potential 
for resource development. We utilized a Photometrics, Ltd. 2 0 4 8 ~  (2k) CCD on the University 
of Arizona Catalina 1.5 meter telescope to obtain images at a scale of 0.24 kmlpixel [2], and 
estimate that average atmospheric seeing yielded an effective spatial resolution of about 1 km. 

We also obtained spectrophotometry of various sites relative to the standard area MS-2 at 
a scale of 1.23 kmlpixel. These data were used to calibrate the 2k CCD images to MS-2 and 
provided additional information on surface composition. To determine the extent of the 
spectrally homogenous MS-2 along the spectrograph slit, the MS-2 target pixel spectrum was 
divided by the neighboring pixels in each direction along the slit. Those pixels which agreed to 
within 5 0.3% root-mean-square (RMS) deviation over the entire spectral range were used. This 
amounted to a 58 km region which was adopted as the extended MS-2 area. 

The T i 0 2  calibration is based on an empirical relationship derived by Charette et al. 
(1974) [3] and refined by Pieters (1978) [4] (referred to hereafter as the Charette Relation) 
which relates the wt % Ti02  in mature mare regolith to the observed 4001560 nm ratio. In 
western Mare Tranquillitatis, we have identified several isolated regions with T i 0 2  
concentrations as high as 15 wt % which agree fairly well with previously mapped high-Ti02 
areas [I]. There may also be some correspondence between specific landforms and T i02  units. 
Two large mare domes in western Mare Tranquillitatis near Arago crater [5] appear to have 
relatively low T i 0 2  content compared with the surrounding plains. However, three smaller 
domes north of Arago [5] seem to be coincident with localized high-Ti02 areas. After careful 
examination of Lunar Orbiter, Apollo, and ground-based photographs of the area, the origin of 
the Arago domes remains enigmatic. Apparently none of these domes have prominent summit 
pits making a volcanic interpretation dubious. This lack of summit pits was also noted by Head 
and Gifford (1980) [6]. There are numerous possibilities for the genesis of the Arago domes 
(e.g., volcanic, tectonic, or buried terrain) but the available image data are insufficient to 
completely resolve the uncertainties. 

In northern Oceanus Procellarum, areas containing as much as 5 -6  wt % Ti02  have been 
mapped. These also correspond well with those previously mapped [I]. Although the small 
composite structures northwest of Aristarchus [7] can not be firmly associated with specific 
T i02  units in our map, the NE-SW trend of the high-Ti02 areas roughly correspond to 
materials interpreted as basalt flows [7,8]. 

We have also investigated the use of the 4001730 nm ratio for T i02  mapping. This ratio 
has been previously shown to offer increased contrast between high- and low-Ti02 areas [1,9] 
and may therefore be a more sensitive indicator of T i02  abundance. The T i 0 2  content of 
seven mare spectrophotometry target sites was calculated using the Charette Relation. These 
values were then compared with the 4001730 nm ratio from each spectrum and a 3rd-order 
polynomial was fit  to the data (see accompanying figure). The agreement between a similar 
curve generated by Johnson et al.  (1991b) [9] is good and supports the potential utility of this 
ratio for mapping mare T i 0 2  abundances. However, to minimize uncertainties in the Charette 
Relation, a new 4001730 nm-based T i02  calibration should be made using laboratory spectra of 
the returned lunar samples. 
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Comparison Between Charette Relation and 
400/730 nm-based Calibration Curves 
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The seven spectrophotometry sites used here were judged to be representative of mature mare 
areas reasonably free of highland material: 1 = high-Ti02 area in northwest Mare 
Tranquillitatis, southwest of Jansen-B (lO.OON, 25.3OE); 2 = Apollo 11 landing site; 3 = Surveyor 
1 landing site; 4 = high-Ti02 area in northwest Oceanus Procellarum, southwest of 
Lichtenberg-A (27S0N, 6 0 . 5 w ;  5 = Luna 16 landing site; 6 = Luna 24 landing site; 7 = Apollo 
12 landing site. 
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