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Introduction: With the availability of new high-

resolution datasets for Mars, ages of individual impact 
craters can be estimated from counts of small craters 
superposed on their ejecta blankets and used as local 
stratigraphic markers. Along the dichotomy boundary 
in the Deuteronilus Mensae region, ages derived for 
impact crater deposits are being used to provide impor-
tant temporal constraints on the formation of the high-
land-lowland boundary, development of fretted terrain, 
and emplacement of lobate debris aprons. Deuteronilus 
Mensae exhibits a variety of geologically young, ice-
related features, including ice-cemented mantling de-
posits, lobate debris aprons, concentric crater fill, and 
lineated valley fill [e.g., 1-4]. Preliminary results using 
Mars Reconnaissance Orbiter Context Camera (CTX; 
~5 m/pixel) images for Cerulli crater (32.2°N, 22.0°E) 
in Arabia Terra and an unnamed crater (42.1°N, 
23.4°E) on the lowland plains as well as adjacent de-
bris aprons are presented here.  

Crater Counting Methodology: Crater size-
frequency distribution statistics have been compiled 
using established methodologies [5-8]; all impact cra-
ters (primaries and isolated secondaries) on a given 
surface in a specific diameter range are counted while 
avoiding areas o obvious secondary chains or clusters. 
These data are then plotted on the isochrons defined by 
[6-8] to assess relative age (Martian time-stratigraphic 
age) and estimate absolute age. Deviations from isoch-
ron shape over specific crater size ranges, along with 
classification of crater type (fresh, filled, degraded),  
may provide information on erosional and depositional 
processes affecting the surfaces of interest. 

Cerulli Crater: Cerulli crater, a 112 km diameter 
impact structure with a prominent continuous ejecta 
blanket, pronounced and continuous rim, and fresh 
morphologic appearance covers the highland plateau. 
Cerulli’s rim is cut by numerous channels, linear 
grooves are apparent radial to the crater, and second-
ary crater fields are scattered throughout the ejecta 
blanket and extend onto adjacent geologic units [1,9].  

The crater-size frequency distribution for craters 
superposed on Cerulli’s ejecta blanket was compiled 
using 2 CTX images covering ~15% of the total ejecta 
(Fig. 1). The distribution of all craters superposed on 
the ejecta blanket shows one segment (650 m - 3+ km) 
that follows the isochrons with a departure at sizes 
smaller than ~650 m. The formation age of Cerulli 
crater is interpreted to be ~3.5 Gy or slightly older, 
during the Late Noachian or Early Hesperian Epoch 
(uncertainty Late Noachian-Late Hesperian). This is 

consistent with the age derived from geologic mapping 
and the related N(2) and N(5) values [1] but suggests a 
slightly younger age and narrows the range of uncer-
tainty. A better estimate should result with complete 
coverage and compilation of crater density data for the 
entire ejecta blanket using future CTX images.  

 
Fig. 1. Crater size-frequency distributions from CTX images 
for Cerulli crater ejecta blanket. Area 5.19e9 m2; all craters: 
2335 craters; fresh craters: 666 craters. 

 
Deuteronilus Mensae: Debris aprons in Deuteron-

lius Mensae superpose the ejecta of a 22.3 km diame-
ter crater at 42°N, 23°E. Given the likely ice-rich na-
ture of the aprons and uncertainties regarding crater 
preservation on their surfaces, this crater serves as an 
important stratigraphic marker. The distribution of all 
craters superposed on the ejecta blanket (Fig. 2) shows 
one segment (~250 m - 1+ km) that follows the isoch-
rons with departure at sizes smaller than ~250 m. The 
formation age of the crater is interpreted to be 1-2 Gy 
(uncertainty 1-3 Gy) during the Late Hesperian Epoch 
(uncertainty Late Hesperian-Early Amazonian). The 
distribution of fresh craters follows the isochrons at 
diameters between 100 m and 250 m, consistent with 
an age of slightly less than 1 My (uncertainty 100 ky) 
during the Late Amazonian, and then falls off at small-
er sizes, consistent with variable preservation of an 
unconsolidated ejecta blanket and complex resurfacing 
and degradational histories.  

The distribution of all craters superposed on the 
debris aprons (Fig. 3) shows one segment that follows 
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the isochrons (~250 m - 2+ km), indicating a formation 
age of less than 1 Gy during the Early Amazonian 
Epoch (range Late Hesperian-Middle Amazonian) and 
consistent with the observed superposition relationship 
between the debris aprons and ejecta blanket. The dis-
tribution of filled craters mimics that for all craters but 
the depletion of small crater sizes (relative to the 
isochrons) is greater, consistent with mantled debris 
apron surfaces. The distribution of fresh craters shows 
a segment that follows the isochrons (~60 - 500 m), 
consistent with the several My age estimates of obliq-
uity-driven Martian mid-latitude mantling deposits 
[10]. We interpret the filled craters to have predomi-
nantly formed on the Early Amazonian surfaces of the 
debris aprons and the fresh craters to have formed on 
Late Amazonian mantling deposits that have covered 
the debris aprons.  

Figure 2. Crater size-frequency distributions from CTX im-
ages for ejecta blanket of crater at 42°N, 23°E. Area 4e9 m2; 
all craters: 3577 craters; fresh craters: 333 craters. 
  

Conclusions: Analyses of CTX images in the Deu-
teronilus Mensae region indicate that populations of 
both superposed and partially buried/modified craters 
are evident. The size-frequency distribution for fresh 
craters in the size range ~750 m - 4 km superposed on 
part of the Cerulli ejecta blanket shows a stable Hespe-
rian surface with depletion of craters at smaller sizes. 
The ejecta blanket of the unnamed crater north of the 
dichotomy boundary (Fig. 4) is partially covered by 
debris aprons extending from adjacent mesas. The 
size-frequency distribution for this crater ejecta is con-
sistent with an impact event in the Late Hesperian to 
Early Amazonian and provides a distinct lower con-
straint on apron emplacement. The size-frequency dis-

tribution for apron surfaces suggests a Early Amazo-
nian age, consistent with the observed stratigraphy but 
significantly older than deposits associated with recent 
obliquity-driven Martian climate change. Depletion of 
small craters (<250 m) on apron surfaces is more ex-
tensive than on ejecta and crater floor deposits, consis-
tent with their interpretation as ice-rich flow features. 

 
Figure 3. Crater size-frequency distributions from CTX im-
ages of debris aprons. Area 2.7e9 m2; all craters: 409 craters; 
fresh bowl craters: 24 craters; filled craters: 150 craters. 
 

Fig. 4. 
THEMIS IR 
mosaic of 
impact crater 
at 42.1°N, 
23.4°E with 
ejecta blan-
ket overlain 
by debris 
aprons with 
crater count-
ing areas 
outlined. 
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