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Summary:  Regional studies of Quasi-Circular De-

pressions (QCDs) in the martian lowlands show many 
areas with a common total (visible+buried) population 
crater retention age (CRA) of N(100) ~ 10+/- 1. Ama-
zonis appears to be much younger, but it is also possi-
ble that the basement is so thoroughly buried that no 
relic topography from deep impact basins can be seen 
in MOLA data. Crustal thickness data suggests there is 
a population of very deep basins, and that these are 
more abundant in Amazonis than in other regions stud-
ied. The basement of Amazonis may be just as old as 
that elsewhere in the lowlands. 

Introduction: We examined the total population 
crater retention ages (CRAs) of individual regions 
within the lowlands to determine if the average age 
[1,2] is common throughout, or if there are significant 
departures from that average that might suggest differ-
ent parts of the lowlands formed at different times, 
perhaps even by different processes. The N(100) CRA 
is about 10+/-1 for a number of regions widely distrib-
uted across the lowlands (see Figure 1) [3,4,5,6]. This 
is the same as the N(100) age of the lowlands overall 
extrapolated from QCDs > 200 km diameter (assuming 
a -2 power law trend) [1,2]. Amazonis is the major 
exception, apparently much younger, having N(100) = 

 

 

5 in the western half and 2 in the eastern half of the 
region, based on the QCD population [4]. A more 
thorough re-examination of the SE Acidalia area, de-
scribed in the companion paper by Getzandanner and 
Frey [6] confirms earlier SE Acidalia-Western Arabia 
results of Lazrus [3] and yields an N(100) age nearly 
identical to the other non-Amazonis lowland regions 
studied. 

The lowland regions with the common N(100) ~ 10 
CRA all lie within three very large impact basins (Uto-
pia, Acidalia, Chryse) [5; see Figure 1] which, based 
on the density of superimposed large QCDs, formed at 
nearly the same time [1,2]. No single large impact has 
been recognized for the Amazonis lowlands area. 

While it is possible the Amazonis crust is in fact 
much younger than the rest of the lowlands, it is also 
possible that the lower density of QCDs seen in MOLA 
data is due to more complete burial of this region. This 
appears to explain the east-west difference in crater 
density in Amazonis [4]. The paucity of QCDs in the 
east correlates well with the location of young lava 
flows, and the cumulative frequency curve for the bur-
ied population in the east exactly overlies the visible 
population curve in the west (see Fristad and Frey [4] 
Figure 3, and Figure 3 below). That is, what is seen as 
visible in the west is buried in the east. In addition, the 
visible population in the east is much younger than that 
in the west, again consistent with the presence of likely 
thick and young lava flows in the east. 

Crustal Thickness Data:  We previously describe 
comparisons between large QCDs and crustal thickness 
data [7] from Neumann’s [8] much improved model. If 
the crustal thickness data is treated in the same way as 
the MOLA data, stretching that data using the same 
GRIDVIEW [9] software reveal subtle variations of 
crustal thickness. There are in many places Circular 
Thin Areas (CTAs) that have the character of a thicker 
circular rim surrounding a circular area where the 
(modeled) crust is substantially thinner by several to 
tens of kilometers. Known large impact basins in the 
lowlands (e.g., Utopia) have exactly this same kind of 
pattern, as shown in Figure 2. 

Our previous preliminary global study [7 showed 
that in both highlands and lowlands many of these 
CTAs correlate well with large QCDs. However, there 
are also many large CTAs that do NOT correspond to 
known QCDs. It is possible these are also buried im-
pact basins so thickly covered that no relic topography 
remains, but which are revealed because the combined 
gravity and topography signature is detectable. 

 

Figure 1. N(100) crater retention ages for areas within the 
Mars lowlands  (shaded) compared with the average lowland 
N(100) age extrapolated from the large diameter QCD 
N(200) age [brackets]. Most regions have N(100) ages equal 
to the average lowland age, and all of these lie within large 
impact basins. Amazonis (pink) is younger and is not asso-
ciated with any known large basin. 
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     Figure 2 shows that the Amazonis area seems to 
have a higher density of these CTAs than do Utopia or 
Acidalia. In the areas mapped by Fristad [4,5], only 
two of the larger QCDs correlate with the CTAs pre-
sent there. Thus a large population of potentially very 
deeply buried impact basins may exist within Ama-
zonis that cannot be detected as QCDS in MOLA data 
alone, perhaps because of a much greater thickness of 
overlying material in the Amazonis region. 

If the CTAs are in fact very deeply buried impact 
basins, we might expect (a) a cumulative frequency 
curve would have a character like that of QCDs else-
where (i.e., roughly follow a -2 power law slope, as 
seen in many other regions [1,2, 10-12], and (b) this 
curve would indicate a CRA older than that derived 
from the not-so-deeply buried QCD population. We fit 
circles to the CTAs in an Amazonis region larger than 
mapped by Fristad [4], using the same approach 
adopted for identifying and delineating QCDs. Figure 3 
shows the cumulative frequency curve for these. A 
larger area is needed because the crustal thickness data 
have lower resolution than the MOLA data, and only 
features > 300 km diameter can be counted with confi-
dence. Even though a larger region was used, these 
curves normalize for the area, so the CTA curve can be 
compared with the visible, buried and total population 

curves for East and West Amazonis. Note the CTA 
curve meets the two expectations described above: it 
roughly follows a -2 slope and indicates a higher den-
sity (older age) than the curves based on QCDs alone. 

 
 

Conclusions:  What appears to be unusually young 
basement crust in Amazonis may in fact be simply 
much more deeply buried basement than in other parts 
of the lowlands. The population of circular thin areas 
(CTAs) seen in crustal thickness data has a higher den-
sity in Amazonis than in other parts of the lowlands. If 
these CTAs represent impact basins so deeply buried 
they cannot be seen in MOLA data alone, then the 
Amazonis basement may be as old as that found in 
Utopia, SE Acidalia, and Chryse. 
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Figure 2. Circular Thin Areas (CTAs) seen in stretched 
color version of Mars crustal thickness data [8]. Outlined 
areas same as in Figure 1. The smaller features (dashed 
circle, arrows) have the same character as the large Uto-
pia impact basin (U): a rim of thicker crust (light blues) 
surrounding a circular area of thinned crust (darker blues, 
purples). Amazonis (middle and lower center) appears to 
have more of these CTAs (arrows point SW) than other 
parts of the lowlands (arrows pointing NW). CTAs may 
represent deeply buried impact basins. 

Figure 3. Cumulative frequency curves for the East and 
West Amazonis regions [4] and other lowland areas com-
pared with Circular Thin Areas (CTAs) in a larger Amazonis 
region. The CTA curve closely follows a -2 power law slope 
(dashed black line) and indicates an older surface than that 
in other lowlands, especially Amazonis, which were deter-
mined from QCDs alone. This is consistent with the CTAs 
being impact basins more deeply buried than the QCDs in 
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