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The origin of lunar sinuous rilles was widely debated during the late 1960's and early 
1970's with several diverse modes of origin proposed [I-141. Based upon morphologic 
similarities to terrestrial lava tubes and channels and increased knowledge of the lunar surface, it 
has been generally accepted that the formation of lunar sinuous rilles is the result of the flow of low 
viscosity basaltic lava with the observed features representing lava channels andfor collapsed lava 
tubes [9-141. While the commonly observed physical properties of lunar sinuous rilles are 
diagnostic of a volcanic origin, inconsistencies and contrary descriptions which cannot be 
attributed to the lower gravity of the Moon or the extremely low viscosities of lunar basaltic lavas 
[15] exist, and in some instances suggest a more complicated scenario than a purely volcanic one. 

Lunar volcanism is intrinsically related to lunar tectonism, as impact cratering has generated 
crustal weaknesses allowing magma to reach the surface. The emplacement of the lunar maria into 
the large, multi-ringed impact basins suggests that the structure of an impact basin may have a role 
in the formation of lunar sinuous rilles beyond providing a path of ascent for the magma from the 
interior. Structural control of only several major lunar sinuous rilles has been investigated; rille 
segments are observed to parallel fractures and lineaments related to impact basins [14, 161. 

The structure of the Orientale basin is well-preserved and is dominated by three large basin 
rings, the inner Rook Mountains, the outer Rook Mountains, and the Cordillera Mountains [17]. 
In addition, many linear and arcuate rilles (graben) and mare ridges are observed. The structural 
features associated with the Orientale basin are oriented primarily radial and concentric to the basin 
[18]. A sawtooth pattern is apparent in the Cordillera Mountains which is presumed to be related 
to a pre-basin NW-SE and NE-SW lunar grid in the region [17]. 

Seventeen lunar sinuous rilles have been identified on Lunar Orbiter IV photographs of the 
mare units contained within the Orientale basin (see Figure 1). These sinuous rilles are relatively 
small, with widths ranging from -20 m to 1.5 km and lengths from -1.5 to 48 krn, and exhibit 
characteristics indicative of structural control. Elongate source craters tend to be aligned either 
radial or concentric to the basin, and three rilles (1,9, and 10) originate in graben. Large, straight 
segments and sharp, angular bends between segments (14 and 15) are common. Entire rilles and 
individual rille segments are typically aligned either radial or concentric to the basin. Many of the 
radially oriented rilles (4, 7, 12, 13, and 17) connect source craters in Orientale impact melt and 
ejecta to patches of apparently low-lying mare. In these cases, the overall structure of the basin 
and the local topography of the ejecta control the location of the rille and its flow direction. 

Rilles and rille segments are observed parallel and perpendicular to graben, mare ridges, 
and basin rings in Orientale. Angles between rilles (and rille segments) and tectonic features have 
been measured (see Figure 2). Clusters occurring near 0" (0" - 20") and 90" (70" - 90") indicate a 
strong correlation between the orientations of sinuous rilles and the orientations of tectonic 
features. Rille trends from north have also been plotted (see Figure 2). A strong north-south trend 
is evident with smaller populations aligned to the NW-SE and NE-SW. A significant gap exists 
along an E-W trend. The smaller populations suggest a possible correlation to the pre-basin 
tectonic grid [17]. The dominant N-S cluster was unexpected, and its origin is at this time is not 
understood. No systematic differences between the three mare units with regard to tectonic 
influence have been detected. 

Sinuous rilles are diverse and complex volcanic features. Models considering the 
formation of sinuous rilles from which calculations of effusion rates and eruption conditions have 
been made are dependent upon the dimensions of rilles and rille sources [19, 201. For rilles 
exhibiting apparent structural control, these models may need to be altered if a direct tectonic 
influence is inferred in order to provide accurate estimates of processes such as thermal erosion. 
Further study of structural control of sinuous rilles is essential to a comprehensive understanding 
of sinuous rilles and appears to be an effective means by which to further constrain our knowledge 
of the volcanism and tectonism associated with impact basins. 
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Figure 1. Lunar Orbiter IV mosaic 
showing the distribution of sinuous 
rilles in the Orientale basin. Numbers 
are referred to in the text (modified 
from [21]). 
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Figure 2. Diagrams showing the angles measured between sinuous rilles (and rille segments) and 
tectonic features (right) and trends of sinuous rilles (left) in the Orientale basin. 
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