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Introduction: The Dorsa Argentea Formation is 

a deposit surrounding the south polar layered depos-
its (SPLD) of Mars, between -100 to 20 E and 60 to 
80 S [1-12].  The Dorsa Argentea Formation (DAF) 
is named for the network of sinuous ridges called the 
Dorsa Argentea, which lie between ~70 to 80 S and -
60 to 0 E (Fig. 1). These ridges have been interpreted 
as Early to Late Hesperian in age [2,3,5], and they lie 
within the unit identified by Tanaka and Kolb [5] as 
Hdd, the dorsa subunit of the DAF.  

The Dorsa Argentea ridges have been variously 
interpreted as eskers [1,4,5], inverted channel depos-
its [5], or eolian or volcanic in nature (see [2,5] for 
discussion of these hypotheses). Continuing studies 
found that the geomorphology, structure and topog-
raphy of the sinuous ridges support an esker hypothe-
sis [6-12], especially when the ridges were consid-
ered as part of a suite of landforms present in and 
near the DAF (small- and large-scale collapse fea-
tures, flat marginal areas interpreted to be ponded 
debris, and marginal channels draining into Argyre 
basin) consistent with the occurence of wet-based 
glaciation [8,10].  

In this study we use the technique of buffered 
crater counting (e.g., [13]) to analyze the population 
of sinuous ridges that form the Dorsa Argentea. As-
suming the sinuous ridges are eskers means that the 
age given by this analysis can be interpreted as the 
collective exposure age of the ridges after ice sheet 
retreat. 

Methods: Buffered crater counting is a method of 
dating features that are approximately linear or curvi-
linear [13]. Since areas between the sinuous ridges lie 
lower than the ridges, craters in these areas may be 
preferentially filled or degraded compared to craters 
on top of the ridges. Therefore, we think buffered 
crater counting may yield a more accurate surface 
age for these ridges than counting background terrain 
in the traditional manner. 

We performed the crater count on a hillshade map 
derived from high resolution Mars Orbiting Laser 
Altimeter (MOLA) data (~ 115m/px) [14]. We identi-
fied ridges based on visual relief in the hillshade map 
combined with topography changes (relative to the 
surrounding terrain) in the MOLA high resolution 
gridded data. We counted only craters with rims that 
intersected ridge centers or whose centers layer 
within the buffer area of the ridge (a stricter buffer 
than [13]). We analyzed the counts using both the 
Hartmann [15] and Neukum [16] production func-
tions.   

Results: The high resolution MOLA grid allowed 
us to map ridges as narrow as several hundred meters 
accross. Wider, topographically higher ridges tended 
to be longer, more sinuous, and more anastamosing, 
while many smaller ridges were shorter and more 
polygonal. 

For the buffered count, we used 47 craters, rang-
ing in size from ~1 km in diameter to ~ 12 km in 
diameter. Best fit ages were 3.37 Ga (Early Hespe-

Figure 1: Location of the population of Dorsa Argentea 
ridges analyzed in this study. (Upper left) Context image 
showing the south polar cap and layered deposits to the 
left, Argentea Planum toward to top, and Australes 
Montes toward the bottom. 0º longitude is the white line 
just below center. (Right) Ridges are shown in yellow, 
and craters counted are shown in red. Image base is
MOLA gridded data over MOLA-derived hillshade.  
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rian) using the Hartmann production function and 3.7 
Ga (Early Hesperian) using the Neukum production 
function, as indicated by the red and blue lines in 
Figure 2, respectively. These crater counts place the 
age of the Dorsa Argentea ridges in the Early Hespe-
rian, within the Early-Late Hesperian range deter-
mined by [5]. The number of craters greater than 5 
km in diameter per 106 km2, or N(5), was determined 
from the best fit isochrons in both age systems (after 
[13]), for further comparison. N(5) was 127±19 using 
the Hartmann chronology and 160±23 using the 
Neukum chronology, consistent with the traditional 
crater count of [5] for Hdd, which was N(5) = 
138±24.  

Discussion and Conclusions: Further work must 
be done to classify the ridges of the Dorsa Argentea 
formation according to width, height, sinuosity, con-
tinuity, and degree of branching or polygonization at 
the scale of the high resolution MOLA grid in order 
to evaluate the esker hypothesis [1,4,6-12] for their 
mode of origin. Buffered crater counts on the ridges 
confirm that they are quite old, likely Early Hespe-
rian in age, and calculated N(5) values are consistent 
with or slightly higher than those calculated by [5].  

Future work will include age-dating of other sub-
units of the DAF, as identified by [5], using the high 
resolution MOLA data and analyzing the geomor-
phology of features in those subunits to test hypothe-
ses for their formation.  

In addition, the MARSIS instrument on Mars Ex-
press detected a subsurface reflector throughout the 

DAF consistent with an ice-rich layer hundreds of 
meters thick [17]. This suggests that ice exists within 
these deposits today; further geomorphic and age 
assessments may help uncover the history of ice in 
this region between the formation of the ridges (and 
possible ice sheet) in the Early Hesperian and the 
current ice present in the DAF deposits. 
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Figure 2: Size-frequency distributions for the buffered crater counts of the Dorsa Argentea ridges on high resolu-
tion MOLA gridded data. Axes of both plots are Log (N) vs. Log (Crater Diameter). Number of craters (greater
than 1 km in diameter) counted is 47. (Left) Using the Hartmann production function (incremental, [12]). Error 
bars are indicated by black vertical lines, and best fit age is indicated by the solid red line. Best fit age is 3.37 Ga
(Early Hesperian). (Right) Using the Neukum production function (cumulative, [13]). Error bars are indicated by 
black vertical lines, and best fit age is indicated by the solid blue line. Best fit is 3.7 Ga (Early Hesperian).  
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