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a b s t r a c t

The current terrestrial impact crater record includes 188 accepted structures (http://www.passc.net/
EarthImpactDatabase and Ferri�ere et al., 2015). This number continues to increase slowly but quite
regularly. The heterogeneous distribution of impact structures is strongly influenced by the knowledge
about impact cratering of exploration geologists, who have to be familiar with the possible field evidence
for impact structures e and ultimately with the recognition criteria accepted for confirmation of new
impact structures. For remote and poorly explored areas, satellite imagery is a powerful tool to identify
circular structures that, at all scales, could be considered possible candidates for impact structures. Here,
we present the results of a first systematic survey of circular structures over the Moroccan surface area (a
total of 710,850 km2) using the imagery available through the Google-Earth software. Structures whose
origins could not be elucidated from available geological data were then visited to determine their origin
(impact or non-impact). Thirteen sites with one or more circular structures were investigated but none of
them could be associated with an impact event. Instead, our results illustrate the diversity of geological
processes that can produce circular structures, including magmatic and tectonic processes, bio-
construction, and even anthropogenic activity. It also demonstrates that circular structures are very
common in surface imagery of the Earth but are generally not associated with impact events. This result
questions whether this simple approach for the search of impact structures should be extended to other
parts of the world. It also emphasizes that remote sensing imagery should not be used in isolation of
other data.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

About 50 years of planetary exploration, in addition to the study
of terrestrial impact structures, have demonstrated that impact
cratering by asteroids and comets is a fundamental geological
process that has affected all bodies of our solar system since their
formation (e.g., Melosh, 1989; French, 1998; Reimold and Koeberl,
2014). On Earth, the largest impact structures (Vredefort, Sud-
bury, etc) are associated with considerable crustal disturbances.
Most extreme cases have led to the development of igneous

complexes (i.e., impact melt bodies) resulting from the melting of
impacted rocks, and at least one impact event has e likely deci-
sively e participated in a major biological extinction: the Creta-
ceousePaleogene, (KePg) extinction event, also known as the
CretaceouseTertiary (KeT) extinction, was triggered by the Chic-
xulub giant bolide impact (Schulte et al., 2010). Impact structures
are also of economic interest, as they are sometimes associated
with ore deposits or hydrocarbon resources (Reimold et al., 2005;
Reimold and Koeberl, 2014).

To date, 188 impact structures have been confirmed on Earth
(http://www.passc.net/EarthImpactDatabase and Ferri�ere et al.,
2015), but only 11 confirmed impact structures are currently
known in the Arab world (Chabou, 2009; Youbi et al., 2011).* Corresponding author.
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However, there is a considerable number of suspected impact
structures, for which confirmation has not been achieved yet. Many
of these suspected or confirmed impact structures are buried under
layers of sediments, or are deeply eroded. A large number of pro-
posed impact structures is located on the African continent

(Reimold and Koeberl, 2014) and awaits field investigations. High-
resolution, modern geological mapping of Africa is still far from
complete. A further increase of confirmed impact structures on this
continent is expected.

Morocco covers a total area of 710,850 km2, with 266,779 km2 of

Fig. 1. The geographic locations of 13 sites containing 1 or more circular structures that were investigated in Morocco.

Fig. 2. Google-Earth image of the Smara site showing the 15 circular and sub-circular structures.
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