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INTRODUCTION: 

The nature and origin of lunar crater rays has long been the source of major controversy. Some 
lunar scientists have proposed that rays are dominated by primary crater ejecta, while others have 
emphasized the role of secondary craters in producing rays [e.g., 1, 2, 31. Pieters et al. [2] 
presented the results of a remote sensing study of a portion of the ray system north of Copernicus. 
They provided evidence that the present brightness of the Copernicus rays in this sector is due 
largely to the presence of a component of highland ejecta intimately mixed with local mare basalt 
and that an increasing component of local material is observed in the rays at progressively greater 
radial distances from the parent crater. These results have been questioned and the origin of lunar 
rays is still uncertain [e.g., 41. In an effort to better understand the processes responsible for the 
formation of lunar rays, we have utilized a variety of remote sensing data to study selected rays 
associated with Olbers A, the Messier crater complex, and Tycho. The data include near-IR 
reflectance spectra (0.6-2.5 pm) and 3.8- and 70-cm radar maps. 

RESULTS AND DISCUSSION: 

Olbers A Ray. This Copernican-aged impact crater (diameter = 43 km) is located in the highlands 
on the Moon's western limb. (8.1" N, 77.6" W) and exhibits an extensive ray system. Eight near- 
IF! reflectance spectra were obtained for a prominent ray that extends northeast of Olbers A across 
Oceanus Procellarum. Three of these spectra are for small (3-6 km in diameter) areas near the 
intersection of two major ray elements approximately 385 km northeast of Olbers A. Three spectra 
were collected for a portion of the ray immediately northeast of Seleucus crater. This ray segment 
is approximately 550 km from the rim of the parent crater. Two spectra were obtained for diffuse 
ray elements in the same general area. Spectra were also obtained for Olbers A crater as well as 
both mature mare and fresh craters near the ray. 

All spectra were analyzed and spectral mixing model studies were conducted using the 
techniques described by Blewett et al. [5]. Three component mixing studies were performed using 
mature mare, fresh mare, and either fresh or mature highland material as endmembers. The spectra 
obtained for areas near the ray intersection are dominated by mare material. However, highland 
debris is quite abundant (contributing 30-50% of the flux to the spectra). Perhaps these high 
values are due to the fact that two rays cross in the area for which the spectra were collected. 
Surprisingly, even larger amounts (35-55%) of highland material were found to be present in 
portions of the ray northeast of Seleucus. Lesser amounts (26-38%) of highland debris were 
determined to be present in the more diffuse segments of the ray. Additional work is in progress. 
We are preparing to conduct four-component models in order to evaluate the relative proportions of 
fresh and mature materials in the various areas under study. 

Messier Crater Complex. Messier (14 km in long dimension) and Messier A (diameter 11 km) are 
located near 2" S, 47" E in Mare Fecunditatis. Major rays from these craters occur to the south and 
west of the parent craters. Spectra were obtained for portions of the rays west and south of the 
crater complex, as well as for Messier A and nearby mature mare regions. 

The spectrum of Messier A exhibits an extremely deep (29%) ferrous iron absorption band 
centered at 0.98 pm, and a fresh mare composition is indicated. Clearly Messier A did not 
penetrate the Fecunditatis mare fill. In addition, Messier A crater exhibits strong returns on both 
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the 3.8- and 70-cm depolarized radar images [6, 7, 81. The spectrum collected for the ray west of 
Messier A has a 15% absorption feature centered at 0.99 pm. The ray has slightly enhanced values 
in the depolarized 3.8-cm radar image, but no enhancement is apparent in the 70-cm data set. The 
mature mare unit adjacent to this ray has a spectrum with a shallower band depth (12%) and a 
similar band center. The brightness of the ray west of Messier A is due to the presence of large 
amounts of fresh mare basalt. The ray south of the Messier complex is also dominated by fresh 
mare material. 

Tycho Ray in Mare Nectaris. A major ray from Tycho crater crosses much of Mare Nectaris. The 
80-km long ray segment northeast of Rosse crater (17.9" N, 35" E) has a somewhat conical shape, 
ranging in width from 8 km near Rosse to 16 km northwest of Bohnenberger crater. Spectra were 
obtained for Rosse crater (diameter = 12 km), mature mare units, and two small areas on the Tycho 
ray northeast of Rosse. Both of the spots on the ray are located near a Tycho secondary crater 
cluster which is -1400 km from the center of the parent crater. The spectrum collected for a mature 
mare area east of Rosse exhibits an 8.5% absorption feature centered at 0.98 pm. Both ray spectra 
have 1 1.6% bands centered at -0.99 pm. It appears that the ray in the areas for which spectra were 
collected are dominated by fresh mare debris. These results are in agreement with those presented 
by Campbell et al. [6]. These workers noted that the Tycho secondary craters in the cluster are 
easily seen in high-resolution 3.0-cm radar images, and a radar-bright area extends 10-15 krn 
downrange of Tycho from the approximate center of the cluster. In addition, they noted that the 
radar-bright region exhibited a deeper " 1-pm" feature in multispectral ratio images and suggested 
that fragmental material was emplaced well downrange of the visible secondaries, perhaps by a 
secondary debris surge. 

In summary, analyses of near-IR reflectance spectra, multispectral imagery, and a variety of 
radar data suggest that Tycho ray in Mare Nectaris is dominated by fresh local material excavated 
and emplaced by secondary craters. 
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