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Introduction: The Polar Layered Deposits long 

have been believed to be dominantly ice-rich deposits 
incorporating a variable amount of aeolian dust 
accumulated in response to quasi-periodic climate 
fluctuations.  There had been great anticipation for 
unraveling a detailed stratigraphic and associated 
climate record from the now abundant high resolution 
MGS MOC and MOLA data. 

Such elucidation has proven more difficult to 
realize than expected, because of numerous vertical 
breaks in the record due to deformation and 
unconformities, and perhaps also more abundant 
along-strike variations in layer properties than 
expected.  Furthermore, profound differences between 
the northern and southern layered deposits are 
highlighted by these abundant high-resolution data, 
making it increasingly difficult to postulate any simple 
common global climate process driven by obliquity 
variations for their origin.  Pre-MGS suggestions that 
the northern deposits are younger than the southern [1] 
have been confirmed [2] and seemingly rule out any 
hemispheric climatic alternation process that would fit 
within the maximum periodicity of the obliquity cycle, 
chaotic or deterministic. 

Equally challenging to expectations of symmetry 
between the atmospheric forcing process that produced 
the north and south polar deposits is the discovery [3] 
of a 300-500 meter basal sand unit underlying the 
north polar layered deposits. This surprising 
depositional relationship implies ice deposition did not 
occur in the north during many 10s of million of years 
while it was taking place at the south.  No postulated 
fluctuation in orbital elements, of which we are aware, 
is a plausible cause of such a sustained difference in 
north vs. south polar environments.  In contrast to the 
approach used sometimes to studying layering within 
terrestrial deep-sea cores by presuming a Milankovitch 
signal is discernibly encoded in the stratigraphy, on 
Mars we lack the confident knowledge of strong 
enough astronomical signals impressed uniformly 
within the depositional record to assure correlation, 
although it is likely that portions of that Martian signal 
are widely, but variably, present within the polar 
layered deposits. 

 
 
 

The Importance of the Polar Landscape Record: 
 Here we present an alternative way to infer the 

preliminary history of the south polar layered deposits 
by recognizing the probable stratigraphic sequences of 
a variety landforms presently recognizable on the 
surfaces of the south polar layered deposits (SPLD).  
In addition to identifying a preliminary sequence of 
events, we wish to be especially alert for evidence of 
recent polar layered events that might be clues to water 
vapor episodes associated with the enigmatic “gullies” . 

 
South Polar Cratering Record: 
 
Degraded 0.8-4.0 km population. These occur on 

lower SPLD exposed away from the thickest central 
deposits.  The population abundance is consistent with 
an apparent exposure age of ~108 years.  These craters 
are remarkably and consistently shallow, yet still 
exhibit modest rims [2]. We have identified no 
plausible sedimentary explanation for this degradation 
pattern and find the “viscous relation”  explanation 
proposed by Pathare [4] for craters larger than 1 km to 
be promising.  The absence of any fresh craters 
preserved in this diameter range suggests further to us 
that the current population was protected from more 
recent impacts by a covering of overlying sediments 
that was subsequently removed.  Thus the current 
surface within which they are now exposed must be 
an unconformable one. 

 
Sparse 0.05- 0.7 km primary population. At higher 

elevation nearer the south residual cap, where no larger 
craters are found, instead a sparse population of 
primary craters ranging from fresh to degraded is 
present.  The abundance is so low in comparison to the 
larger-diameter population that it is consistent with an 
apparent age of only ~105-106 years.  Furthermore, the 
present scarcity requires that the very large numbers 
of small primary craters that formed on that 
surface previously have been completely removed 
in an obliteration episode as recently as  ~105-106 
years ago, and probably many other times before that. 

 
Probable Secondaries from the McMurdo Impact 

Crater. The sizes, morphologies, and distances from 
McMurdo of a sub-group of small 0.2-0.8 km craters 
suggest they are in fact secondaries of that surprisingly 
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fresh 23 km impact crater located within the edge of 
the residual cap at 84.5° S. (Described elsewhere in 
this conference). Most important for our stratigraphic 
interest is the fact that those probable secondaries 
formed into the highest and presumably youngest 
SPLD surface.  This observation would indicate that 
McMurdo formed AFTER the most recent SPLD 
layers formed and hence is one of the youngest 
landforms in the south, other than elements of the 
Residual Cap itself such as the “Swiss Cheese”  terrain 
[5] and perhaps the “dark ice”  exposures [6].  The 
same kind of reasoning also would suggest that the 
north polar layered deposits are younger still, and 
perhaps are even still forming locally within the large 
residual cap there [7]. 

 
Unusual Features Occurring ~ 83
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bizarre features apparently not present elsewhere on 
Mars or Earth occurs in that region which we have 
discussed under the rubric “Wire Brush”  (described 
elsewhere in this conference).  They seem to require 
some unique combination of aeolian, glacial and 
volcanic processes for their origin.  Fortunately, 
several small primary impact craters have been located 
within the degraded area, which seemingly are part of 
the sparse population described above.  These primary 
craters are unusually degraded and buried, thus 
suggesting that the “Wire Brush”  processes may have 
operated within the last 105-106 years. 

 
A Possible Sequence of Events Recorded by 

SPLD: (In Descending Order and Overlapping in 
Some Cases) 

 
• Growth of “Swiss Cheese”  during last 102years. 
• Localization of Current Residual Cap 
• McMurdo Impact 
• Most recent accumulation of central SPLD 
• Most recent activity of “Wire Brush”  degradational 

processes 
• Small crater obliteration episode  ~105-106 yrs ago. 
• Initiation of “Wire Brush”  Activity 
• Exposure of ~100,000,000 yr old sequence of SPLD 

containing highly degraded 0.8–4.0 km crater 
population 

• Burial of above sequence of SPLD 
• Extensive accumulation of “old”  SPLD now present 

below that unconformity 
• Base of Amazonian SPLD and unconformable 

contact with Hesperian 
 

Preliminary Conclusions: Much work remains to 
be done to confirm this preliminary sequence and 
clarify the lengths of the episodes listed above.  Local 
correlation of layers may begin to provide stratigraphic 
richness within such a broad landform-controlled 
framework. 

With the advent of MGS and now Mars 
Odyssey datasets the differences between the north and 
south layered deposits now begin to outweigh their 
similarities.  Certainly the old paradigm of equivalent 
layered deposits at both poles, which are controlled by 
the global change associated with obliquity variations, 
seems more and more untenable.  Our work to date 
suggests a much higher degree of local and 
hemispherical control than was previously appreciated.  
Not only are the northern and southern layered 
deposits significantly different, but now it also appears 
that different areas within the southern layered deposits 
have had substantially different histories.  The 
increasing complexity of our knowledge of the polar 
history of Mars is a natural consequence of the vast 
increase in information over the past few years and we 
can expect this trend to continue. 
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