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Summary:  It has been suggested that the lowlying, rela-

tively flat, heavily cratered terrain of Western Arabia may be 
a good analog for uncovered lowland basement. We show 
that the total population (visible plus buried impact basins, 
the latter derived from MOLA data) crater retention ages 
(CRAs) for the cratered terrain and the adjacent smooth low-
land plains is the same. Both areas have nearly identical total 
population cumulative frequency curves over the diameter 
range 30 to 100 km, and have an N(100) or N(50) CRAs 
very similar to that of other many other lowland regions. 

Introduction: Western Arabia has long been recognized 
as anomalous cratered highlands [1] in that its elevation is 
much lower, and its (modeled) crust [2] is much thinner, than 
most other cratered highlands on Mars. The area has a shelf-
like character, rising initially by about 2 km over some 400-
800 km from the smooth plains of SE Acidalia to heavily 
cratered terrain to the SE, then slowing increasing in eleva-
tion by another 2 km over more than 2000 km in the SE di-
rection. Over this region, crustal thickness increases from 
about 25 km to about 45 km from NW to SE; in the lowlands 
it is generally < 25 km and in the highlands it is generally > 
60km. The boundary between the lowland plains and the 
cratered terrain is also different from the dichotomy bound-
ary elsewhere on Mars, lacking the wide transition zone of 
prominent mesas and large scale knobs that characterizes the 
boundary in eastern Mars. The low, relatively flat elevation 
is unusual for old Noachian cratered terrain, and led to the 
suggestion early on that this “lower WAS (Western Arabian 
Shelf) ” may be a good (unflooded) analog of the surface 
under the lowland plains in Utopia” [1]. This was restated 
later by Zuber et al. [3] as “we infer that Arabia Terra is re-
lated to the northern lowlands and may represent exposed 
basement of the resurfaced northern plains.” 

Preliminary counts of Quasi-Circular Depressions by 
Lazrus [4, 5] across the dichotomy boundary in Western 
Arabia indicated that the total population (visible plus buried 
impact basins) cumulative frequency curves for both the 
exposed cratered terrain and adjacent smooth lowland plains 
were nearly the same, and that both areas had a similar crater 
retention age N(100) ~ 9. This was similar to the CRA 
N(100) ~ 10 found in some other lowland regions [5-8]. 
N(100) = 10 is also the N(100) CRA for the lowlands as a 
whole, extrapolated (using a -2 powerlaw) from the  N(200) 
~ 2.5 found in a global study of QCDs > 200 km diameter. 
Because the early work by Lazrus was preliminary and may 
not have recognized many of the very subtle features present 
in this area, we have re-examined the QCD population for 
two large (~1.3 M sq km) areas on either side of the dichot-
omy boundary in Western Arabia, as shown in Figure 1.  

Study Areas and Cumulative Frequency Curves:  The 
two areas we selected for study broadly covered the areas 
examined by Lazrus [4, 5] but avoid the gradational transi-
tion zone at the boundary between the lowland plains and 
cratered terrain. The areas are large, 1.28 and 1.35 M sq km 
for the lowlands and cratered regions, respectively, which 
provides relatively good counting statistics for craters up to 

about 100 km diameter. Figure 1 shows the overall region, 
Figure 2 shows the QCDs we mapped in the two areas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.Study area in Western Arabia over colored 
MOLA topography. Note the relatively low elevation 
of both the smooth plains and the cratered terrain, 
compared with the rest of Mars. Area shown by 
dashed box enlarged in Figure 2. 

 

Figure 2. Visible (solid circles) and buried (dashed 
circles) QCDs in the study area. The overall total 
density is similar in the two areas. 
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Figure 3 shows cumulative frequency curves for visible, 
buried and total (visible + buried) QCDs in both the smooth 
plains (sp) and the cratered terrain (ct). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Over much of their diameter range the curves closely follow 
a -2 power law in the log-log cumulative frequency plots 
(solid black lines). At the small diameters, the curves fall low 
compared to the -2 power law, but in a way that is consistent 
with progressive burial of smaller features. In the total popu-
lation curves, which are essentially identical over the diame-
ter range 35-100 km, the depopulation of smaller craters is 
more pronounced for the lowlands than for the cratered ter-
rain, consistent with the greater resurfacing there. 

The similarity of the total population curves over much 
of the diameter range shown indicates a common CRA for 
both the lowlands and the cratered terrain. What is different 
is the ratio of visible to buried craters: for the lowlands, the 
total population is essentially all buried, but in the cratered 
terrain the visible and buried are comparable. The lowlands 
CRA at N(100) is ~10-11, similar to that found in other parts 
of the lowlands [5, 6, 7, 8]. Unlike other parts of the high-
lands, the Western Arabia cratered terrain appears to be of 
lowland age, not older.   

Discussion:  These results, which confirm but place on a 
more solid foundation the conclusions about Western Arabia 
suggested by the earlier study, have important implications. 
Not only is the Western Arabian cratered terrain similar to 
lowland terrain in elevation, but now it is clear it is also very 
similar in total population crater retention age. This is sup-
ported by the density of larger QCDs (Figure 4) which are 
roughly the same in the cratered terrain and smooth plains. A 
curious and perhaps important observation is that all the 
large QCDs in the lowlying parts of Western Arabia are bur-
ied (with the exception of the obviously exhumed Aram 
Chaos basin); visible QCDs > 250 km diameter only appear 
at the higher elevations. 
 

 
 

Conclusions:  The cratered terrain in Western Arabia has 
a total population crater density, and crater retention age at 
D=35 to D=100, that is identical to that of the adjacent low-
lands. Thus in its elevation, to a lesser extent is crustal thick-
ness, but also in its age, it is more similar to the martian low-
lands than to the rest of the global highlands. It appears to be 
an unflooded, exposed example of what underlies the smooth 
lowland plains: ancient, heavily cratered basement of Early 
Noachian age. 
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Figure 4. Large diameter (250-500 km) QCDs are 
about equally abundant in the smooth plains and 
cratered terrain of western Arabia, but visible QCDs 
only appear at higher elevations. 

Figure 3. Cumulative frequency curves for smooth 
plains (sp) and cratered terrain (ct). Shown are visi-
ble, buried and the total populations. Solid black 
lines are -2 power law slopes. Over the diameter 
range 35-100 km, the total population curves for the 
smooth plains and cratered terrain are identical, indi-
cating a common total population crater retention 
age. What is different is the ratio of visible to buried 
craters: for the lowlands, the total population is es-
sentially all buried, but in the cratered terrain the 
visible and buried are comparable. The lowlands 
CRA at N(100) is ~10-11, similar to that found in 
other parts of the lowlands. Unlike other parts of the 
highlands, the Western Arabia cratered terrain ap-
pears to be of lowland age, not older.   
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