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Summary:  A comparison of the distribution of visible 

and buried impact basins (Quasi-Circular Depressions or 
QCDs) on Mars > 200 km in diameter with free air gravity, 
crustal thickness and magnetization models shows some 
QCDs have coincident gravity anomalies but most do not. 
Very few QCDs have closely coincident magnetization 
anomalies, and only the oldest of the very large impact ba-
sins have strong magnetic anomalies within their main rings. 
Crustal thickness data show a large number of Circular 
Thinned Areas (CTAs). Some of these correspond to known 
impact basins, while others may represent buried impact 
basins not always recognized as QCDs in topography data 
alone. If true, the buried lowlands may be even older than we 
have previously estimated. 
 

Introduction:  In this paper we compare the distribution 
of Quasi-Circular Depressions [1,2] (QCDs) > 200 km di-
ameter [3,4,5] revealed by MOLA with improved models of 
free-air gravity [6], crustal thickness [7] and magnetization 
[8]. 200 km is about the lower bound of resolution for most 
gravity and magnetic models currently available, and im-
pacts of this size may represent a surviving primordial popu-
lation. The distribution of these features can be used to de-
termine the crater retention age of the highlands and buried 
lowlands, as well as the relative sequence of formation of 
large impact basins. As shown below, many of these do have 
significant geophysical signatures, but many do not. 

Geophysical Models:  Figure 1 shows examples of the 
data sets studied. All are centered on 300W, 0N. Free-air 
gravity (A) is from Lemoine et al. [6] complete to degree, 
order 72 but here truncated to degree, order 60. The contour 
interval in Figure 1A is 25 milligals. Strong signatures asso-
ciated with Utopia, Isidis and Hellas are obvious. Neumann 
et al. combined 1/8th degree MOLA data with a recent grav-
ity model (JGM85H02) to produce the crustal thickness [7] 
shown in B. This much improved version assumes an aver-
age crustal thickness of 45 km and a constant crust/mantle 
density contrast of 0.6 gm/cc. The derived range of thick-
nesses is 5-96 km. The contour interval is 2.5 km. Thinned 
crust in Utopia, Isidis and Hellas is very obvious. Figure 3C 
shows a recent magnetization model by Langlais et al. [8], 
based on equivalent dipoles located 20 km deep in 40 km 
thick prisms. Figure 1C shows only the radial component, 
and has large QCDs > 200 km diameter [3,4,5] superim-
posed. Hellas and Isidis have almost no magnetization 
anomalies within their main rings and Utopia has only a few 
weak features within its much larger diameter. 

Comparison with Free-Air Gravity Anomalies:  There 
are a very large number of Free Air Anomalies (FAAs) > 
200 km diameter. Most appear to have no real association 
with impact basins, visible or buried. A small number do. 
With the exception of the very large impact basins, most 
gravity anomalies associated with visible impact basins are 
negative. Among buried impact basins in the QCD popula-
tion that have related anomalies, we find both negative and 
positive features. Examples are in Figure 2. 
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Figure 1.  Geophysical models of Mars, shown at 
300W, 0N.  (A) Free air gravity [6]. (B) Crustal Thick-
ness [7]. (C) Radial component of magnetization [8]. 
Major impact basins identified: U=Utopia, I=Isidis, 
H=Hellas.  See text for discussion. 
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Comparison with Crustal Thickness Features:  The 
crustal thickness model [7] has many circular regions of 
thinner crust completely or partly surrounded by thicker 
crust. These features occur at all scales from the Utopia Ba-
sin (which shows a very pronounced thicker ring that coin-
cides with its rim) to smaller features which have no visible 
expression. This structure is what one would expect for im-
pact basins, and many of these “Circular Thin Areas” or 
“Crustal Thickness Anomalies” (CTAs) do coincide with 
QCDs recognized from topography alone. But there are cases 
where the crustal thickness feature is offset from the QCD 
found in topography alone, and there are also several, some-
times large examples of such features that do not coincide 
with any QCD previously identified. One example is shown 
in Figure 3. These may represent additional buried basins 
which we have not previously been able to identify based on 
topography alone. A preliminary direct comparison [3] re-
veals a number of 600-1200 km diameter cases in the low-
lands. If these are additional buried basins, then the crater 
retention ages we have estimated for the buried lowlands 
[3,4,5; see companion abstract] may need to be revised to yet 
older values. 

Comparison with Magnetic Anomalies: We previously 
compared the distribution of QCDs with the distribution of 
magnetic anomalies [3,4,5], both modeled [8,9,10] and di-
rectly observed [11,12]. See companion abstract. The com-
parison here is with a magnetization model [8]. Most very 
large basins do not have prominent magnetic anomalies lying 
within their main ring, as had been previously suggested for 
the obvious Hellas and Argyre Basins [11,13]. But the two 
very large highland basins, Daedalia and Ares, do have 
prominent anomalies lying within their main rings. These 
two are the oldest of the population, based on their very sub-
dued nature and the large number of superimposed smaller 
basins, and may predate the disappearance of the global 
magnetic field [3,4,5]. 

Conclusions:  Most QCDs previously identified on the 
basis of MOLA topography alone do not have coincident 
gravity anomalies, but some do. Some free-air anomalies are 
associated with QCDs, but most are not. There are many 
Circular Thinned Areas (CTAs) seen in the crustal thickness 
model. Many are coincident with previously identified 
QCDs, but some are not. These may be additional buried 
impact basins. If so, the buried lowlands may be older than 
we previously estimated (see companion abstract). Most 
magnetization anomalies show no strong association with 
QCDs, and among the largest impact basins, only the oldest 
have strong magnetic features inside their main rings. 
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Figure 2.  Free air gravity anomalies (colors and contours) 
compared with QCDs. Gravity contour interval 25 mgals.  
Blues represent negative, yellows represent positive gravity 
anomalies.  Solid QCDs = visible, dashed = buried impact 
basins.  Visible basins with negative anomalies shown by 
examples A.  Buried impact basins with negative anomalies 
shown by examples B.  One buried impact basin with a posi-
tive free-air gravity anomaly shown by C. Area is centered at 
300W, 0N, west of the Isidis impact basin (strong negative 
with central positive at far right). 
 
 
Figure 3.  Crustal thickness (colors and contours) compared 
with QCDs. Thickness contour interval 2.5 km.  Blues repre-
sent thin, reds represent thick crust.  Solid QCDs = visible, 
dashed = buried impact basins.  Note Circular Thin Areas 
(CTAs) surrounded by thicker crust.  These may be buried 
impact basins. Visible basin shown by example A.  Buried 
QCD impact basins that coincide with CTAs shown by exam-
ples B.  One obvious CTA not identified as a QCD shown at 
C.  Area is centered at approximately 75W, 25N, west of the 
Chryse impact basin (large solid circle partially enclosing 
thinned crust at far right). 
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