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Introduction: Studies by Frey et al. [1,2] and Frey 
[3,4] indicate the northern lowlands of Mars have been 
in existence for nearly all of martian history, predating 
even the very large impacts Hellas, Argyre and Isidis. 
Large populations of “Quasi-Circular Depressions” 
(QCDs) were observed in the northern lowlands in 
MOLA data where few impacts were visible in surface 
imagery. These “non-visible” QCDs have cumulative 
frequency curves much like those for visible crater 
populations in the heavily cratered southern highlands, 
and are most likely buried impact basins [2-4]. Based 
on large diameter QCDs, the crater retention age for 
the lowlands is, on average, no younger than Early 
Noachian [3-5]. A study has begun of the buried and 
visible crater populations for areas within the lowlands 
to determine if there are regional age variations that 
pearlier global study may not have found. This may 
have implications for when, and therefore possibly 
how, different parts of the lowlands formed. If QCD 
density is constant across the lowlands, the lowlands 
likely formed by one catastrophic process. If there are 
distinctly different crater retention ages, then multiple 
events and/or processes may have been involved. 

Test Regions: Three spatially distinct areas of 
approximately 3 million square kilometers were 
selected within the lowlands. These are shown in 
Figure 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
MOLA topographic data were stretched and 

manipulated in GRIDVIEW, an interactive, IDL-based 
graphics visualization program [6], in order to identify 
subtle circular depressions. QCDs larger than 20 km in 
diameter were mapped and divided into visible and 
non-visible populations, based on image data. The 

non-visible (hidden) QCDs are assumed to be buried 
impact craters. Over 230 QCDs were found in each 
region. We found significant spatial variation in the 
density of QCDs in Amazonis, with many more visible 
and buried features in the western half of the area. The 
paucity of QCDs in the East appears to be related to 
thick lava flows, which may have buried older impacts 
so thoroughly that no relic topography remains (see 
Discussion). Geologic units were used to help 
subdivide the Amazonis region into two parts, and to 
refine the boundaries of the mapped areas in Utopia 
and Vastitas Borealis. 

Cumulative Frequency Curves and Crater 
Retention Ages:  Figure 2 shows results of this study 
in the form of cumulative frequency curves for the 
visible, non-visible (“hidden”, presumed buried) and 
total (visible plus buried) populations for each of the 
three regions studied. In all three regions, the buried 
populations are significantly greater than the visible 
populations and generally follow a -2 power law slope 
over a significant diameter range. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Utopia and Vastitas Borealis appear to have nearly 

identical cratering (and resurfacing) histories, based on 
the strong similarity of all their curves (visible, hidden 
and total). Both of these areas have a sparse visible 
population and a total population that is dominated by 
the hidden QCDs. In West Amazonis the buried 
population is somewhat greater than the visible, but 

Figure 2: Cumulative frequency curves for QCDs in 
Vastitas Borealis, West Amazonis and Utopia. Utopia and 
Vastitas Borealis have very similar cratering and 
resurfacing histories as indicated by the similarity of all 
their curves. Amazonis has a lower total crater density. 

Figure 1: The three regions studied are northern Utopia, 
Vastitas Borealis and Amazonis (left to right). Upper row: 
QCDs overlain on MOLA topography. Bottom row: QCDs 
on geologic units. Amazonis is sub-divided into two parts. 
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the combined (total) population is less than the total 
population for Utopia and Borealis over the diameter 
range 50 to 100 km. 

The cumulative number of visible and hidden basins 
(total population) larger than 100 km in diameter per 
million square km (the N(100) crater retention age) was 
used to establish a relative chronology for these 
regions, and for comparison with other areas [7, 8]. The 
regions in Utopia and Vastitas Borealis are statistically 
identical with N(100) values of 10. Amazonis, however, 
is significantly younger with an N(100) value of 5 for 
the western half, and 2 for the eastern half (see below). 
The crater retention ages of Utopia and Vastitas 
Borealis are similar to the average lowland relative 
N(100) age of 10 [4,8]. While the total QCD population 
(visible and non-visible) in West Amazonis shows the 
region is younger overall, the visible craters in West 
Amazonis are significantly older than the visible craters 
in Utopia and Vastitas Borealis. This indicates 
resurfacing in the latter regions occurred more recently 
than in Western Amazonis. 

Discussion: Amazonis appears to be anomalously 
young compared to other regions in the northern 
lowlands [7,8,9] and to the lowlands as a whole [3,4]. 
But the apparent lower density of visible and buried 
QCDs can be due to two very different causes: (a) the 
crust in Amazonis could be much younger than 
elsewhere in the northern lowlands, or (b) there could 
be an overprinting of thick material that has so 
completely buried the basement that no relic 
topography remains visible for the most deeply buried 
impact features.  

Figure 3 shows direct comparison of eastern and 
western Amazonis cumulative frequency curves. Note 
that the curve representing the buried population in 
eastern Amazonis is essentially identical to the visible 
population curve in western Amazonis, and that the 
visible population in eastern Amazonis is significantly 
younger than the visible population in the western area. 
This is consistent with the presence of very young lava 
flows in the east which have not buried impacts in the 
west: the population of visible basins seen in the west is 
buried by these flows in the east. This supports the 
possibility that there is a very deeply buried population 
in the east which is not detectable in MOLA data alone. 
This possibility is explored further in a companion 
paper [10]. 
 

Conclusions:  Two of the three areas studied in the 
northern lowlands (Utopia and Vastitas Borealis) have 
essentially identical cratering and resurfacing histories, 
with a very young but sparse visible population and a 
much older and denser buried population of impact 
basins. The total population N(100) crater retention age 
for these two areas are similar to the total population 
N(100) age found in other parts of the lowlands (SE 

Acidalia, SW Utopia) [7,8] and also similar to the 
average total population N(100) age of the lowlands 
overall, extrapolated from a global study of QCDs > 
200 km diameter [3,4,8]. 

Amazonis appears to be much younger than the 
other areas. Whether this truly represents much 
younger crust or the effects of especially deep burial 
of old crust is explored in more detail in a companion 
paper [10]. 
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Figure 3. East and West Amazonis compared. The W visible 
population is the same as the E buried population, and the E 
visible population is much younger than that in the W. This 
is consistent with burial of the E by young thick lava flows. 
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