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Presently, 174 impact craters are proven on Earth, and of these 10 are located in Finland, 6 in Sweden and only 2 in Norway (Gardnos and Mjølnir). 
A pattern matching algorithm (correlation) based on 100 m digital elevation data was used in a regional study to discover circular depressions in 
the search for possible new Norwegian impact structures. By applying this technique to detect depressions of 5 – 10 km diameter in Finnmark, 
northern Norway, about 23 large circular structures were found in a 14,000 km2 area of Precambrian rocks. Circular features are clearly displayed in 
the detected structures. The large number of candidates in this area, however, makes field inspection inconvenient and time consuming, and sup-
plementary screening methods should be considered to help reduce the number. 
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Introduction
Impact structures are formed by collisions of comets and 
asteroids with planets or moons, and these crater struc-
tures may be preserved for millions of years. The general 
understanding of impact cratering and its significance 
for the Earth’s development has increased dramatically 
during last decades. This is a result of intensive explora-
tion of our solar system and the geological structure of 
planets. Planetary surface analysis shows that most of 
the planets have geomorphologies strongly influenced by 
impact cratering (Lowman 1997). Today we know that 
impact processes and crater formation have been (and 
will be) important processes for the development of our 
solar system (Melosh 1989; Montanari & Koeberl 2000). 

On Earth 174 impact structures have been found so 
far (Earth Impact Database 2006). These craters seem 
unevenly distributed, partly the result of observations 
being focused on populated areas, rather than on less 
accessible locations. In Fennoscandia eighteen proven 
structures (Earth Impact Database 2006) have been 
found; ten in Finland, six in Sweden and only two in 
Norway (Gardnos and Mjølnir) (Fig. 1). The number of 
suggested ones is much higher (Abels et al. 2002), and in 
Norway we have a new, very promising candidate in the 
Ritland structure (Rogaland) (Fig. 1). Due to the varied 
surface geology and its areal extent it is difficult to cal-
culate the expected number of impact structures of 5 
– 10 km diameter in Norway. In this experiment we have 
searched for 5 – 10 km diameter structures in a 14,000 
km2 area of Precambrian rocks in Finnmark (Fig. 2).

When attempting to detect impact craters a simple but 
appropriate question might be: What do impact cra-
ters look like, and are such structures present in Nor-
way? Normally the crater itself and its circular shape 
are regarded as important arguments for impact identi-
fication, in addition to structural and mineral evidence 
(Montanari & Koeberl 2000). The first possible registra-
tion of a crater is therefore often related to the identifica-
tion of a circular surface structure. As the proven struc-
tures have large diameters (0,015 - 300 km (Earth Impact 
Database 2006)) and are dispersed over large areas, aerial 
photos, optical- and radar satellite images (e.g. Araujo et 
al. 2001; Chicarro et al. 2003; Earl et al. 2005) and coarse 
digital elevation models (DEM) (e.g. Portugal et al. 2004) 
have been commonly used in screening surveys. 

There are mainly two important families used in pat-
tern recognition of impact structures (Di Stadio et al. 
2002); a) voted methods like the circular Hough Trans-
form (e.g. Matsumoto et al. 2005; Portugal et al. 2004) 
and b) matching methods (e.g. Magee et al. 2003). In the 
approach presented below we used a digital matching 
technique, known from image analysis (e.g. Efford 2000; 
Gonzalez & Woods 1993) and automatic photogrammet-
ric elevation generation (e.g. Heipke 1997; Schenk 1999).

The objective of this study was to develop an automatic 
technique to identify potential impact structures on the 
basis of morphometric analyses of a continuous topo-
graphic surface. Based on elevation data the aim was 
to find impact structure candidates, with a geometric 
shape matching the shape of a typical terrestrial impact 
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crater of 5 – 10 km diameter. Analyses of the formation 
mechanics of the candidates must be evaluated by subse-
quent field inspections and laboratory analysis.  

Geological setting 
Norway comprises the western part of the Scandinavian 
Peninsula. The bedrock geology of Norway is dominated 
by Precambrian basement rocks (e.g. granites, gneisses, 
amphibolites and meta-sediments) and Caledonian suc-
cessions (mostly Precambrian rocks and metamorphic 
Cambro-Silurian sediments stacked in nappe units). 
Limited areas of Devonian to Permian sediments and 
volcanics are also present (Fig. 2). The larger part of 
the bedrock is, however, covered by various Quaternary 
formations of mainly marine, glacial and fluvial origin. 
Geomorphologically the present topography of Norway 
is governed by peneplanation and stripping of marine 
strata during the Mesozoic (Lidmar-Bergstrøm et al. 
2000; Peulvast 1985), a Tertiary uplift (Gjessing 1967; 
Strøm 1948) and related fluvial-dominated landscape 
formation in a warmer and partly drier climate than 
today (Gjessing 1967; Lidmar-Bergstrøm et al. 2000; 
Strøm 1948), followed by numerous Quaternary glacia-
tions (Kleman & Borgström 1994). The latter accentu-
ated the Tertiary fluvial valley pattern, while areas in cen-
tral and northerly mountainous areas underwent little or 

no erosion due to the thermal conditions of the ice sheets 
(Lidmar-Bergstrøm et al. 2000, Sollid & Sørbel 1994).  

Impact structures can be expected in all kinds of terrain, 
but with varying preservation potential. The oldest rocks, 
e.g. Precambrian gneisses and meta-sediments, are nor-
mally the hardest and may therefore have a good chance 
of displaying impact structures, due both to high age and 
competence. In contrast, the younger Cambro-Silurian 
formations, less consolidated sedimentary rocks and 
loose sediments will, as target rocks, not preserve impact 
structures as well. The Caledonian orogeny may also have 
altered possible earlier structures. The last glaciations in 
Scandinavia both eroded and covered (by sedimentation) 
possible pre-Quaternary impact structures. Based on this 
information, Finnmark appears as a suitable test area for 
further impact studies (Fig. 2).  

Impact crater morphology
When celestial bodies (asteroids and comets) collide 
with planets or moons, the shape of the resulting cra-
ter is dependent on target material and the size, velocity 
and angle of the impacting body. The shapes and sizes of 
impact structures change with crater diameter, and fresh-
appearing impact structures on the Moon illustrate this 
size-morphology relationship (Melosh 1989). The small-
est impact craters have a simple bowl-shaped appear-
ance, and as crater diameter increases, rim terracing and 
central peaks are more common. Crater morphology dis-
plays the same progression throughout the solar system, 
including the Earth, but the less well preserved terrestrial 
impact structures make them more challenging to clas-
sify (Earth Impact Database 2006). On Earth, the three 
basic types of impact structure are 1) simple structures, 
with a raised rim surrounding a bowl-shaped depres-
sion, 2) complex structures, larger in diameter, with a 
central peak, surrounded by an annular trough and a 
slumped rim (e.g. Grieve 1990; Melosh 1989) and 3) the 
even larger and more rare peak ring craters, consisting of 
a central peak (possibly with a depression) and possibly 
several ring structures creating annular basins (e.g. Turtle 
et al. 2005). The transition between simple and complex 
craters occur at diameters of about 2 km or 4 km, in sedi-
mentary or crystalline rocks respectively (Grieve 1990). 
 
Global processes acting on the surface of the Earth will 
eventually leave more poorly preserved impact structures 
(Turtle et al. 2005), which can be hard to distinguish 
from their surroundings. Their appearance then reflects 
geologic activity and post-impact physical processes (e.g. 
erosion, subduction). Fresh looking craters (e.g. Barrin-
ger crater, Arizona, USA) are easily recognized, but older 
impact structures may be eroded and filled with sedi-
ments. High velocity impacts produce circular craters, 
even at angles of low incidence (Melosh 1989). The pres-
ence of a circular-shaped depression is characteristic for 

Fig. 1. The distribution of confirmed and proposed impact structures 
in Fennoscandia (Norway: 42 Gardnos, 73 Mjølnir, 91 Ritland). The 
figure is modified from Abels (2006). 
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fresh impact structures and provides important informa-
tion for use in the following analyses. 

The geologically active Earth causes terrestrial impact 
structures to exhibit a high degree of variation as regards 
morphological characteristics and few fresh examples are 
left (Earl et al. 2005; Turtle et al. 2005). Still, some size 
characteristics are needed in order to construct a proper 
template. When searching for impact structures between 
5 and 10 km in diameter, size-morphology relations 
for plausible impact structure depths, as presented in 

Grieve & Pesonen (1992), were used in the analysis. They 
divide the final morphology of complex terrestrial cra-
ters according to whether the target rocks are sedimen-
tary or crystalline. This is due to the strength differences 
between the two. Complex craters are shallower when 
formed in sedimentary target material than in crystalline 
target material. In this analysis the equation (1) for sedi-
mentary targets is used (Grieve & Pesonen 1992).
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Fig. 2. A simplified geological overview map of Norway. 
The map is based on Skjeseth (1979). Area analysed in 
Finnmark is marked in the figure.
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where d
a
 is apparent depth (km), and D is diameter (km) 

(Fig. 3). The sedimentary target rock equation is chosen 
because this gives a shallower depth than the crystalline 
equation and may fit better the possibly new Norwegian 
impact structures after years of erosion.

A relation between crater diameter and floor diameter 
(2) based on lunar statistics (Pike 1977) is used to deter-
mine the size of a flat crater floor in the model.
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where D
f
 is the crater floor diameter, and D

r
 is the rim-

crest diameter. It does not apply to craters less than 5 km 
in diameter (Pike 1977). The use of a rim-crest diameter 
in this equation and a probably apparent diameter in 
equation (1), implies that the crater floor diameter may 
be a bit undersized.  

Data and methods
Digital elevation data

This study is based on digital elevation data in the com-
puter represented as regular square grid models or arrays 
of elevation values. Such digital representation of the 
topographic surface is static and scale dependent since 
the size of the cells (pixels) building the terrain model 
is unchangeable (Burrough & McDonnel 1998). The 
matrix structure will allow programming of relatively 
complex algorithms, which can be easily used for digital 
elevation model (DEM) manipulation. Thus, this type 
of grid structure provides good possibilities for model-
ling any type of surface, and to investigate spatial inter-
actions of features, being close or remote from the pro-
cessed location (DeMers 2002). The resolution (scale) of 
the grid data is the relation between pixel size and size 
of the cell on the ground (Burrough & McDonnel 1998). 
When using grid-based DEMs to recognize landforms 
it is important to consider the resolution relative to the 
landform size (DeMers 2002). For the search of impact 
structures of 5 – 10 km diameter, we found a 100 m reso-
lution satisfactory for these first analyses. A 3 x 3 kernel 
neighbourhood mean filter was applied to the elevation 
data to reduce noise.  

Matching by local correlation

Template matching is a technique to measure the similar-
ity between an unknown image and a known image act-
ing as a feature model or template (Gonzalez & Woods 
1993). Correlation analysis was used to describe the simi-
larity between the known image (template) w(x,y) of size 
J x K within an image f(x,y) of size M x N, where it is 
assumed that J ≤ M and K ≤ N (Fig. 4). The result of each 
correlation analysis is an image, the size of image f(x,y), 
where each pixel consists of a correlation value. The cal-
culations are performed in the image region where w and 
f overlap, and high values of correlation indicate a match 
between w(x,y) and f(x,y) (Gonzalez & Woods 1993). 
Near the edges of image f, there will be no full overlap 
with w, and hence along the borders of the image f(x,y) 
there will be an area, half the size of w, where no correla-
tion calculations are performed. 

In our study we used spatial domain methods, where the 
procedures operate directly on the pixel values, while fre-
quency domain methods operate on the results of a Fou-
rier transform. The algorithm presented is based on a spa-
tial domain matching procedure for calculating correlation 
coefficients (Gonzalez & Woods 1993), equation (3):
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where s= 0, 1, 2, …, M - 1, t= 0, 1, 2, …, N - 1, w is the 
average value of the pixels in w(x,y) (computed only 

Fig. 3. Characteristic crater dimensions (diameter, apparent depth and 
floor diameter) displayed on a topographic profile. Modified from Pike 
(1977).

Fig. 4. Image and template arrangement for obtaining the correlation 
of respectively f(x,y) of size M x N  and w(x,y) of size J x K at points 
(s,t), according to equation (3). The origin of f(x,y) is at  its top left and 
the origin of w(x,y) at its centre. For any value of (s,t) inside f(x,y), 
the application will yield one correlation value. As s and t vary, w(x,y) 
moves around the image area (Gonzalez & Woods 1993). 
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once), f(x,y) is the average value of f(x,y) in the region 
coincident with the current location of w, and the sum-
mations are taken over the image coordinates (pixels) 
common to both f and w. The correlation coefficient 
y(s,t) is scaled (normalised with respect to both image 
and template) in the range -1 to 1, independent of scale 
changes in the amplitude of f(x,y) and w(x,y) (Gonza-
lez & Woods 1993). Correlation analysis works well only 
if the size and orientation of the feature of interest are 
known and this information is used to design an appro-
priate template. If the size and orientation of the feature 
varies, a range of templates needs to be generated and 
each of them correlated with the image (Efford 2000). 
The automatic detection algorithm calculates the cor-
relation between two datasets with a grid structure. It is 
a combination of C++ code and Arc Macro Language 
(AML). Input to the algorithm are an elevation data grid, 
f(x,y), where the search for impact structures will take 
place, and a template grid, w(x,y), smaller in size and rep-
resenting the circular depressions to be found. Output 
of the algorithm is a map consisting of a similarity value 
(correlation coefficient) between the image and the tem-
plate for every pixel position y(s,t) (Fig. 4). 

Impact structure templates 

In the correlation analysis performed, the unknown 
image represents the topography of the study area, in 
this case a part of Norway and consists of a DEM, while 
the template is a smaller DEM representing a theoreti-
cally defined impact crater. The general crater mor-
phology forms the basis for creating this crater-shaped 
template (model). By using equations (1) and (2) to 
create templates and then including a degree of varia-
tion in the analysis, a match with terrestrial formations 
should be possible. Six templates of diameters 5 km, 
6 km, 7 km, 8 km, 9 km and 10 km were made, based 
on these equations. They have a circular shape and the 
crater rim-walls were given a linear outline due to their 
most likely appearance after years of erosion. The crater 
floor is stipulated flat (Fig. 5). These models were used 
as templates in the regional analysis (template match-
ing). They have the same resolution as the image, and 

the pixel values are of the same type and range as the 
pixels in the image. 

Test area

The algorithm was tested on a synthetic 2,000 km2 
flat area, including one depression and one peak. The 
depression and the peak represent opposite, but simi-
lar geometries as the 5 km diameter template. By run-
ning a correlation analysis with a 5 km template and 
the test area, the correlation matching pattern of the 
template with “itself ” is displayed. The correlation 
values show that in an ideal situation with a complete 
match, the pattern makes a circular formation with a 
correlation high of 1 and a negative correlation high of 
-1 (Fig. 6). A positive correlation as high as possible is 
preferred in the analysis, but also a value that picks out 
some candidates. The correlation coefficients tend, in a 
larger area, to be approximately normally distributed. A 
global threshold based on Niblack`s (1986) method is 
set to t = µ + w ⋅ c, where µ is the mean value, σ is the 
standard deviation of the correlation coefficient values, 
and w is an input weight. The threshold will divide the 
coefficient values into two classes, interesting (high val-
ues) and not interesting (low values). To keep the most 
promising candidates in each diameter size class, the 
same rule (a value of w) applies to all (5 – 10 km) cor-
relation value images. It will still be a low correlation 
coefficient (ca. 0.50 – 0.65 for w = 2 – 2.5) compared 
to more ideal statistical solutions. This is a necessity 
because of the high variability of the circular depres-
sions to be detected. 

Pixel values above the threshold and within the immedi-
ate eight-cell neighbourhood of other pixels with higher 
values than the threshold, were spatially connected into 
a region. Area and perimeter were calculated for each 
region. The attribute roundness for a region can be 
described by 4π ⋅ area / perimeter2, where the value for 
a circular disk is 1, otherwise less than 1. Identified can-
didates were regions having a roundness value above the 
algorithm input-roundness parameter. 

Fig. 5. An impact crater model, a circular 
depression template, of 7 km in diame-
ter derived from equations (1) (Grieve & 
Pesonen 1992) and (2) (Pike 1977) shown 
as a shaded model with a depth contour 
interval of 20 m (above) and as a cross sec-
tion (below). The template refers to w(x,y) 
in the correlation coefficient equation (3) 
and in Fig. 4.
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Results
Figure 7 displays the various steps using the 8 km tem-
plate, parameters w = 2.3 and roundness = 0.5. These 
parameters and the range of templates (5 – 10 km) were 
applied on an area 14,000 km2 in the county of Finnmark, 
northern Norway (Fig. 2), an area of mostly Precambrian 
basement rocks. The analysis yielded 23 circular depres-
sions when not counting overlaps between the templates 
(Fig. 8). This procedure detects areas with different grades 
of circular shapes. When studying the detected structures 
in more detail, they also show hits of circular features in 
other close diameter intervals, although the templates 
was set to specific diameter values. In such cases the tem-
plate may hit and correlate with a curved feature (wall) 

which is part of a smaller or larger structure. 

102 structures were detected in a primary analysis of 
digital elevation data covering Norway with the 5 km 
diameter template, w = 2.5 (threshold then becomes 
65.98) and roundness = 0.5. This number is too large 
for realistic field investigations, but during the screen-
ing studies we still want to keep a relative high number 
of structures for further analysis. The Gardnos impact 
structure, now seen as a circumform hanging valley, 
is located between the villages Gol and Nesbyen. In the 
regional analysis it gave the following maximum correla-
tion coefficient values inside its boundaries: 0.52 (5 km), 
0.47 (6 km), 0.41 (7 km), 0.35 (8 km), 0.37 (9 km) and 
0.41 (10 km). Even if it turns up with a relative high cor-

Fig. 6. The test area (abowe) is 
constructed as a flat surface bro-
ken by a peak and a depression 
with similar geometry as the 5 km 
diameter template. Correlation 
values (below) are only calculated 
in non flat areas, showing a circu-
lar pattern in an ideal correlation 
situation.
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relation coefficient in the 5 km case, this is partly due to 
coincidences of later landscape formation, which may to 
some extent reflect the impact event.

Discussion 
The geometrical analyses display several circular fea-
tures, partially matching the pre-described structure, 
and thereby sites of potential impact structures. Of 
these, at the best, only very few might have impact ori-
gin, when compared to the size distribution in Finland 
(4 impact structures in the interval 5 – 10 km) and Swe-
den (2 impact structures in the interval 5 – 10 km). The 
high number of potential Norwegian structures (102 of 
approximately 5 km diameter for Norway and 23 of 5 – 
10 km diameter for a 14,000 km2 area in Finnmark) and 
consequently a large number of false candidates are not 
suitable for a time saving search method. There are ways 
to restrict or vary the method:
 
1) The crater template appearance can be based on other 

equations or models, and thereby give different repre-
sentations of impact structures (e.g. a template with 
non-linear walls). 

2) The correlation coefficient threshold is the factor that 
determines how similar to the template the potential 
areas would appear, and a higher threshold (weight) 
would leave less circular depressions. A higher round-
ness value will leave fewer candidates. 

3) The DEM and template spatial resolution will affect 
the results, and other resolutions may lead to different 
discoveries. But it is not necessarily true that a DEM 
with a finer resolution will give an increased spatial 
accuracy in terms of landform identification, since a 
finer-grained DEM may be more sensitive for other 
types of errors (DeMers 2002).

The Hough transform was developed to identify lines in 
images (Hough 1962). This technique, modified to iden-
tify circles or ellipses, and by applying different pre- and 
post-processing procedures, has shown promising results 
in detecting circular shapes in satellite images and DEMs 
of planetary bodies (e.g. Bruzzone et al. 2004; Earl et al. 
2005; Kim et al. 2004; Matsumoto et al. 2005). In the pre-
sented template matching of this paper, the use of DEMs 
as input gives us an opportunity to take advantage of the 
horizontal profile (e.g. a depression) in addition to the 
vertical profile (circular shape). The variability of terres-
trial impact structures in relation to topography requires 
a method that can handle this. The possibilities of the pre-
sented method to vary the threshold, the roundness value 
and vary the templates (e.g. topographic depression, linear 
or curved walls, flat or open crater floor), make template 
matching a convenient choice of technique. 

A drawback is the computational time. The analysis 
performed with template diameters of 5 – 10 km in the 

Fig. 7. Part of the area covered in Fig. 8, showing the steps of the algo-
rithm: A shaded elevation model of the elevation data (a), a map of 
correlation values as computed by the algorithm for the 8 km dia-
meter template (b). The correlation coefficients have values between 
-0.88 and 0.62, marked by dark to bright pixels. These values are 
divided into two classes by a threshold of 0.59 (w = 2.3), where black 
coloured pixels have higher values than the threshold and pixels of 
lower values than the threshold are not displayed (c). The black 
coloured pixels are then grouped. In this small area the result is one 
group (c). A roundness value is then calculated for the group which 
is kept, because it has a roundness value above the input parameter 
(roundness = 0.5). An inserted map in the upper left corner (c) dis-
plays a group, at the same scale but from a different location, with a 
roundness value below the input parameter and subsequently will be 
removed. 
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Finnmark area took several hours, and with larger tem-
plates it would take even longer. There is a possibility to 
compute the correlation in the frequency domain, using 
a fast Fourier transform algorithm to obtain the forward 
and inverse transforms. This is often a more effective 
solution (Gonzalez & Woods 1993). The spatial domain 
method used here is still a preferred option because of 
the convenient grid structure of the elevation data, and 
thereby an easier result interpretation. 

The correlation function was normalized for amplitude 

changes via the correlation coefficient and for orientation via 
its circular symmetry, but it can be difficult to obtain normal-
ization for changes in size. Such changes involve spatial scal-
ing, a process that requires a high amount of computation 
(Gonzalez & Woods 1993). In the presented analysis such 
normalization was not performed, but six different-sized 
templates were used to inspect the range of potential struc-
tures in the 5 – 10 km interval. An inspection of the results 
showed that the method gave hits of circular features of diam-
eter values close to the template diameters as well. In this way 
the intervals between the templates may be covered.

Fig. 8. An area of Finnmarksvidda including the municipality Karasjok and parts of Kautokeino, Alta, Porsanger and Tana, displaying detected 
circular depressions. For regional location see Fig. 2. The circular depressions are shown with circular symbols of diameters 5 – 10 km, the dia-
meter referring to the template diameter detecting the individual structure. It shows 23 depressions, not counting overlaps between templates. 
The position of Fig. 7 is shown by the inserted square. Map projection: UTM EUREF89/WGS84 zone 35.
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The diameter/depth and diameter/crater floor diameter 
relations of equations (1) and (2) were used to create the 
applied templates. It is a huge simplification to describe 
the shape of impact structures with just these two size 
morphology equations. In addition to the active surface 
processes working on the Earth and changing the crater 
appearance, the initial crater size depends on the target’s 
surface gravity conditions (e.g. Lowman 1997). The cra-
ter floor equation is based on statistics from the Moon 
and a transfer of the relationship to the Earth may intro-
duce some error. However, application of a too specified 
crater morphology can be misleading, since similarly 
sized terrestrial impact craters often exhibit contrasting 
characteristics (Earl et al. 2005). It is the template sim-
plification and a correlation threshold set to less than the 
maximum result correlation coefficient value that makes 
it possible to pick out areas in the landscape, but finally 
resulting in a large number of circular depressions.

A high match percentage means that the structure has 
approximately the same shape as the circular template, 
but it could have been formed in several ways. Equa-
tion (1) is based on data from only five craters (Grieve 
& Pesonen 1992) and equation (2) is based on lunar 
statistics. This rather confined foundation, and the high 
degree of variation of known impact structures, contrib-
utes to the analytical uncertainty. The large number of 
candidates might call for a manual inspection of the digi-
tal data before field investigations, for example to exclude 
the less promising sites based on non crater-like features. 
Another solution could be to filter the results with other 
data or additional analysis. This could involve comparing 
the theoretical circular sites with geological or geophysi-
cal information, a possible part of the automatic detec-
tion. An improved exercise would need to compute dif-
ferent time models reflecting the various environmental 
settings through geological time, presently an immense 
task. Therefore the next step to evaluate the formation 
mechanisms of the detected depressions would be field 
inspections of the various structures.

Conclusions and further studies
From this study the following conclusions can be drawn: 
a) An automatic correlation algorithm based on grid-

ded DEMs on a regional scale seems suitable to iden-
tify depressions with circular features. This is a first 
approach and represents an oversimplification regard-
ing automatic impact crater search.  

b) These morphometrical DEM analyses provide a pow-
erful and inexpensive tool for first landform assess-
ments of circular-shaped features of approximately 5 
– 10 km diameter, given the 5 – 10 km diameter tem-
plates. By combining these results with other regional 
digital information, we hope to reduce the large num-
ber of  potential impact structures.

This study represents a first screening analysis for poten-
tial impact structures in Norway. In addition to analyses 
of digital elevation data, future programs will explore 
other types of available regional digital information. 
This could be satellite data (e.g. radar) and geophysical 
data (e.g. gravity, magnetic). Geophysical characteris-
tics have been studied for many impact structures and a 
negative, often circular, gravity anomaly which changes 
density after impact, is common (Pilkington & Grieve 
1992). Magnetic anomalies display large variations across 
impact craters, but a magnetic low is often a dominant 
effect (Pilkington & Grieve 1992). The nature of the 
geophysical signatures implies that using different digi-
tal terrain and image analysis techniques (e.g. geomor-
phometry, Hough transforms), and considering just 
the circumform shape and not a depression, might be 
rewarding. Different data may be analysed separately or 
in combination in order to reduce the number of poten-
tial impact structure candidates, and hopefully to find 
new promising ones. 
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