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Introduction: Study of alluvial deposits within 

impact craters on Mars are a means for understanding 
the runoff responsible for their formation and asso-
ciated implications for past climate [1-9]. Many of 
these deposits occur as alluvial fans within large cra-
ters in southern Margaritifer Terra [5, 8] and their ages 
within the global framework of fluvial activity were 
uncertain and/or bounded by the age of the associated 
crater [5]. Because many craters containing alluvial 
fan deposits are Noachian [e.g., 10], fans were often 
inferred to be late Noachian [5]. Higher resolution 
MRO data [11-12] makes it possible to reevaluate the 
age of alluvial deposits via compilation meaningful 
crater statistics.  

 
Figure 1. Craters >50 km across in southern Margari-
tifer Terra included in the study. Color of crater labels 
indicates the presence of alluvial fan deposits (green, 
e.g. Inset 1), floor deposits (yellow, e.g. Inset 2) and 
mantling deposits (red, e.g. Inset 3).  MOLA over 
THEMIS daytime IR.  Shaded white and black indicate 
gaps in CTX and THEMIS coverage, respectively.  
White boxes are HiRISE footprints. North is up. 

The study focused on using crater statistics to date 
alluvial deposits in craters in southern Margaritifer 
Terra (Figure 1) and includes Eberswalde and Holden 
craters, final candidate landing sites for MSL [13]. 
Craters with alluvial fans typically display well devel-
oped alcoves and incised walls, and fan surfaces pre-
serve distributary channels standing ~10-15 m in relief 
(via inversion of topography) [5, 8, 14]. Other craters 

lack obvious alluvial fans, but do preserve crater floor 
deposits indicative of past fluvial and/or possible lacu-
strine activity (Figure 1). These craters display incised 
walls and light-toned, often layered, floor deposits. 
Finally, some craters, especially those farther to the 
south, often appear mantled by diverse materials.  

Crater Statistics: Crater counts excluded areas not 
covered by CTX and/or HiRISE data, secondary clus-
ters, local deposits, and etched surfaces. Statistics for 
craters with fan deposits, floor deposits, and mantling 
deposits used CraterTools software [15] and Craters-
tats software was used to derive relative and absolute 
ages [16] based on the chronology function of [17] and 
production function of [18]. Statistics were also plotted 
using the variable diameter bin-size method of [19] 
and yielded similar ages.  

Cumulative plots for the fan deposits are shown in 
Figure 2. The best fit isochrons for the fans in each 
crater ranges from 1.5 to 2.5 Ga and averages 1.9 +/- 
0.5 Ga. Although not shown, the best fit isochrons for 
craters with floor deposits are 2.0 to 3.5 Ga and aver-
age 2.8 +/- 0.6 Ga. For the craters with mantling depo-
sits, best fit isochrons are <1.0 to 3.5 Ga and average 
1.8 +/- 0.9 Ga. As relative ages, the statistics suggest 
the alluvial fans formed in the Amazonian or near the 
Hesperian-Amazonian boundary. Crater floor deposits 
are likely Hesperian and the mantling deposits are of 
varying, but mostly Amazonian age.  

Discussion: Count-to-count variability in the rela-
tive ages may relate to the relatively small areas consi-
dered and real differences in age. Nevertheless, a pauc-
ity of craters up to ~200 m across is consistent with the 
erosion required for topographic inversion of fan dis-
tributary channels. At larger diameters, the statistics 
show a good match to the expected production popula-
tion of craters and a paucity of additional inflections 
suggesting other intervals of burial and/or exhumation. 
Hence, the statistics appear to record the ages of these 
exposed materials. The relatively young age of most 
mantling deposits suggests burial of additional alluvial 
fan and crater floor deposits is possible.  

An Amazonian age for the exposed fans likely re-
quires precipitation (rain or snow [5, 21]) relatively 
late in Martian history, after most precipitation-driven 
fluvial activity ended [e.g., 5, 14, 22]. Inferred ages for 
the crater floor deposits are broadly contemporary with 
events elsewhere [e.g., 5, 14, 22, 23] and may record 
an earlier wet period. Formation of the fans near or 
after the Amazonian-Hesperian boundary, however, 
likely requires a later period of water driven gradation.  
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Figure 2. Crater statistics for the alluvial fan deposits 
in craters labeled in Figure 1. Best fit derived ages 
range between 1.0 and 2.5 Ga, average 1.9 Ga +/- 0.5 
Ga, and generally equate to the early Amazonian or 
near the Hesperian-Amazonian boundary.  

Formation of Hale crater (35.7S, 323.6E) in the 
Amazonian or near the Hesperian-Amazonian boun-
dary is one possible mechanism for triggering fan for-
mation [e.g. 24, 25]. Hale’s ejecta are incised by nu-
merous valleys suggesting release of volatiles after 
formation [25].  Hale does not appear responsible for 
the alluvial fans, however, because: some alluvial fans 
are 700-800 km away; craters with fans occur at a 
range of azimuths from  Hale; and many craters bear-
ing older floor deposits and mantling deposits are clos-
er to Hale. Other potential craters sources are older 
[e.g., 26] and less likely to be responsible for the fans.  

Late intervals of water-driven erosion on Mars 
have been suggested [e.g., 22, 27-32] and a possible 
source of water includes precipitation derived from 
redistribution of outflow channel discharge [e.g., 28, 
33] into the highlands [34]. Hence, the alluvial fans 
may record late widespread water-driven degradation, 
perhaps accentuated by topography and/or orbital vari-
ations. Because two of the craters with fans are final-
ists for the MSL landing site, relatively young fan ages 
imply MSL could sample relatively young materials. 
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