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NEW CLUES ON THE ORIGIN OF THE MARTIAN SINUOUS RIDGES; Steven 
W. Ruff, Department of Geology, Arizona State University. 

The search continues for new evidence to explain the origin of sinuous ridges 
seen in the Dorsa Argentea region of Mars' south pole. These features have been 
described in detail in previous papers [ I  ,2]. Recent work by Clark and Walder [3] 
seems to weaken the case for the glacial origin supported by Kargel and Strom [4] while 
evidence from analysis of terrestrial linear dunes is strengthening the dune hypothesis 
proposed by the author. According to Clark and Walder, terestrial glacial eskers are 
expected to form over a crystalline rock substrate, a geological setting unlikely to be 
found in the disrupted and heavily mantled regolith near the south polar region of Mars. 
But the dendritic appearance of the ridges, which gave rise to the esker hypothesis, can 
also be explained by the mechanism of lateral migration of linear dunes. New evidence 
for this idea based on remote sensing of the dunes on the Cactus Plain of Arizona will 
be given. Additional photographic evidence from various terrestrial sites will be 
presented in support of the dune hypothesis. 

As described in previous work [S], the Cactus Plain contains small linear dunes 
which display " X  and "Yw style junctions that appear similar to intersections seen in the 
Mars ridges. "Tuning-fork" or Y-junction linear dunes are common on earth, but the 
mechanism of their formation remains undetermined. The more unusual X-junctions 
apparently have not be described in the literature. Field observations of these features 
lead the author to conclude that lateral migration of the dunes was responsible for the 
formation of one of the X-junctions. The most compelling evidence for this conclusion 
was the difference in sand color across the intersection of the two dunes. To further test 
this observation, a NASA C-130 aircraft was flown over the site in August of '94. This 
aircraft was equipped with several imaging instruments including NS-001 and a Zeiss 
camera. The NS-001 instrument is a LANDSAT simulator measuring ground radiance 
in visible and infrared wavelengths. Both airphoto and digital images confirmed the 
sand color observation. 

Image processing was performed to enhance the ability to discriminate the 
reddish colored sand seen in one of the dunes in the X-junction. This processing 
positively established the sand color distinction of the two dunes but also showed that 
the reddish sand is not unique to this dune pair. Instead, it is found to occur in many 
other dunes across the region. From the image, it appears that two different sands 
have been available to form the dunes of the Cactus Plain. But so far, only the one 
intersection has been found which includes dunes of both sand colors. 

Before drawing conclusions from these results, the significance of sand color 
should be considered. The cause of the red coloring appears to be an iron staining 
effect rather than a mineralogical distinction. Both sands are composed mostly of 
quartz, with some feldspar and minor opaque grains. Though no point counts have 
been made, the compositional similarity of the two sands based on visual inspection is 
notable. This was further established using data from a third instrument aboard the C- 
130. The Thermal Infrared Mapping Spectrometer (TIMS) also collected data over the 
field site. Data from this instrument can be used to detect mineralogical variations. 
Processing of these data revealed no apparent differences in mineralogy of the two 
sands. The fact that the reddish sand continues for at least a half meter into the dunes 
suggests that it is not merely a surficial layer. The possibility of in situ staining of the 
sand in the dunes may exist but the question of why only some of the dunes are stained 
would arise. 
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Assuming then that different colored sands come from different source regions, 
the dunes of the Cactus Plain appear to be the product of at least two different episodes 
of dune formation. This scenario is also demonstrated morphologically with the dunes 
composed of the reddish sand tending to be larger and more clearly expressed than the 
grayish sand dune set. Preliminary conclusions suggest that it is possible for a second 
set of dunes to form superimposed on an existing dune field. This would require that 
the original dune set somehow become stable enough to survive a second dune forming 
event. The occurrence of at least one X-junction formed from dunes of different sands 
is explained by this process. But the accepted mechanism of longitudinal growth of 
linear dunes could not be expected to form this intersection. Only movement of a dune 
in the lateral sense should be capable of making an X-junction. 

The implications of this model for the case of the Mars ridges are significant. 
One of the difficulties in explaining the ridges as linear dunes has been the complexity 
of their form. But assuming the process of episodic dune formation really does occur as 
seems to be the case with the Cactus Plain dunes, then the ridges are more easily 
explained as the product of this process. Along with the mechanism of lateral migration, 
the ability to transform simple linear dunes into a complex set of dendritic ridges seems 
conceivable. 

Additional work to strengthen the concept of episodic dune formation will center 
on attempts to age date individual dunes in the Cactus Plain. The technique of 
thermoluminescence has been shown to be capable of doing just that [e.g.,6]. Discreet 
ages assigned to the two dunes involved in the X-junction would be unequivocal 
evidence supporting the model. This would then add credibility to the application of this 
model to understanding the Mars sinuous ridges. 
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