
MCMURDO CRATER: A UNIQUE IMPACT EVENT ON THE SOUTH POLAR LAYERED DEPOSITS   
E. L. Schaller1, B. C. Murray1 and S. Byrne1, California Institute of Technology, MC 150-21, Pasadena, CA 91125, 
emily@gps.caltech.edu, bcm@gps.caltech.edu, shane@gps.catlech.edu.  
 

 
Introduction: McMurdo crater is a 23 km diameter 

impact crater located on the edge of the South Polar 
Layered Deposits (SPLD) at -84. S, 0W.  It is the larg-
est fresh impact crater on the SPLD and has a secon-
dary field that extends over approximately 100 km 
across Planum Australe to the south.  The northern half 
of McMurdo opens to the low lying plains on which the 
secondary field has been completely removed (Fig. 1).   

Understanding the formation and evolution of the 
SPLD is an important step toward unraveling Martian 
climate history.  The SPLD, with their characteristic 
layering and young apparent age, suggest that recent 
climate change has occurred on Mars [1,2].  McMurdo 
and its secondary craters are important stratigraphic 
markers which can shed light on the modification his-
tory of the SPLD.  
 
 

Surface modification of the SPLD: Crater studies 
across the SPLD have estimated a surface age of be-
tween 10 Ma and 100 Ma [3,4].  Measurements of the 
depth to diameter ratios of 800 m and larger craters on 
the deposits show that most SPLD craters are ex-
tremely shallow [4].  These observations could be ex-
plained by either a resurfacing event or by viscous re-
laxation of craters [5].  However, in the 100-700 m size 
range, [4] found three orders of magnitude fewer cra-
ters than the expected number derived from the calcu-
lated surface age.  The lack of small craters argues 
most strongly for a recent shallow resurfacing event 
that erased small craters.  Based on the 700 m and 
smaller craters, which all appear relatively fresh, this 
resurfacing event has been calculated to have occurred 
as recently as 100 Ka ago [4].   
 
 

Fig. 1. MOLA shaded-relief of McMurdo Crater and its secondary crater field 
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Using estimates of SPLD cratering rates derived from 
[3,6], one would expect a McMurdo-size impact on the 
area of the SPLD approximately every 90-180 million 
years.  The presence of the McMurdo secondary crater 
field has been suggested to imply relatively slow rates 
of modification of the surface of the SPLD [7,8].  
However, if the surface of the SPLD has not been 
modified significantly for the past 100 Ma, one would 
expect to find numerous small primary impact craters 
across the deposits as discussed above.  The fact that 
we don’t find numerous small primary impact craters, 
yet can still recognize McMurdo secondaries of all 
sizes, could suggest that the McMurdo impact hap-
pened very recently (within the past 100 Ka).  An addi-
tional line of evidence suggesting a young age for 
McMurdo is that the crater and its secondaries reside 
on the highest and presumably youngest surface of the 
SPLD and that secondaries are found on the current 
residual cap.  It is surprising to suggest that one of the 
largest impact craters is also one of the most recent.  In 
order not to postulate such a young age for McMurdo, 
we need to explain how these secondary craters have 
been preserved when other impact features have been 
eroded.  Possible explanations might include burial and 
subsequent exhumation of McMurdo and its seconda-
ries or different surface modification rates on different 
parts of the SPLD.  

Approach:  In order to shed light on these interpre-
tations, this study presents a detailed morphological 
examination of McMurdo, its secondary craters and 
ejecta blanket to quantitatively determine the extent to 
which modifications have occurred.  We also test for 
any evidence of viscous relaxation of McMurdo which 
would have independent age implications and perhaps 
help determine if significant blanketing and stripping 
has taken place.  We combine MOC and THEMIS im-
ages with topographic datasets from MOLA using a 
geographic information system package (GIS), Arc-
view, developed at Caltech for Mars polar use [9].   

It has been suggested that a mantled unit covers part 
of the secondary field, degrading the secondary craters 
in these locations [6].  We map this unit and determine 
its thickness from depth to diameter ratios of secondary 
craters measured in different locations across the sec-
ondary field.   In addition, we examine the morpholo-
gies of  smaller secondary craters and crater ejecta 
piles using MOC and THEMIS images projected into 
the Arcview system  (Fig. 2). 

In summary, quantitative geomorphology of 
McMurdo crater, its secondary crater field and ejecta 
blanket provide critical insight into the age of the 
McMurdo impact and the surface modification history 
of the SPLD. 

  
Fig 2.  MOC NA image E05-03431 showing several 

McMurdo secondary craters (approximately 58 km east of 
McMurdo).  The crater in the bottom of the image appears to 
be more degraded than those on the top. 
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