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INTRODUCTION 
 
The focusing on the geophysical interpretation of the Earth’s magnetic field recorded in the crust, at a regional scale 
was justified by the recent versions of the World Digital Magnetic Anomaly Map, an international effort towards the 
mapping at 5 km altitude of the magnetic anomalies originating for the Earth’s crust. In the same time, the recent 
satellite missions give us an overview of the expectations from the unprecedented combination of the existent data and 
the forthcoming European satellite mission, Swarm. The advent of the satellite era improved our understanding of the 
magnetic field at a large scale for other terrestrial planets. Despite the good data quality, the lithospheric field at a scale 
of kilometers remains a challenging problem in magnetism.  
Recently, the role of impact cratering in planet-building or planet-modifying processes has been largely investigated 
due to planetary exploration, indicating that possibly all planetary surfaces are cratered from impacts of interplanetary 
bodies. For our Planet, it is widely agreed that impact was a dominant geologic process during the early solar system. 
The same scenario can be applied to some other Earth-like planets, and for this reason we have chosen to investigate the 
magnetic properties of terrestrial, Martian and lunar impact craters. The heating and shock pressures generated by large 
impacts are more than sufficient to erase existing magnetic remanence, large impact basins tending to have very weak 
fields. The minimum size of the crater required to demagnetize the terrane seems to be around 200-300 km in diameter 
[9]. 
As indicated, the Earth, experienced the same bombardment as the other planetary bodies [7]. Additionally, the 
impacting bodies themselves may have contributed to the Earth's budget of volatiles or to frustrate the development and 
evolution of early life. Catastrophic events such as meteor impacts, and associated phenomena, have not been given 
enough consideration when assessing the forces that have shaped our Planet. Indeed, the Earth’s ancient geological 
history contains clear signatures of such events [8]. For example, 65 My ago, at the end of the Cretaceous period, a 
meteor impacted the Yucatan Peninsula, this event being considered as a possibility for an end of the “Age of the 
Dinosaurs”. A large celestial body which impacted the planet south of South Africa, may end the“ Age of Amphibians”, 
256 My ago. The meteor which created the Manicouagan Crater, in Canada, may end Triassic period, 210 My ago. 
Most of the terrestrial impact craters that ever formed, however, have been obliterated by other terrestrial geological 
processes. Some examples however remain. To-date, approximately 174 impact craters have been clearly identified on 
Earth, but at the same time, a variety of possible effects have been ascribed to impacts and several possible impact 
structures still awaiting confirmation. The impact of a Mars-sized object with the proto-Earth is one hypothesis for the 
origin of the Earth's moon. The oldest lunar surfaces are literally saturated with impact craters, produced by an intense 
bombardment, which lasted from 4.6 to approximately 3.9 Gy ago, at least 100 times higher than present impact flux. 
Now, the Moon has no global magnetic field because it no longer has an internal dynamo, nevertheless, measurements 
indicate a correlation between meteor impact basins and strong magnetic fields on the diametrically opposite side of the 
moon [12].  
Mars' global magnetic field may have already been weak when meteorites struck to form large craters some 4 billion 
years ago: shock waves from large meteorite impacts could disrupt the field enough to demagnetize the rocks in the 
crater. Any interpretation relies on the understanding of the different processes (volcanoes, impact craters) that affected 
the remanent magnetization during Mars’ history [9].  



Here, we show the first results obtained when the magnetic signature above large impact craters is examined in greater 
detail than was previously possible, due to the new ground-database for the Earth, and satellite data for the Earth, Moon 
and Mars. The developed local analyses allow some interesting properties of the ancient magnetic field of the planetary 
bodies to be investigated, which brings new and important constraints on their formation and evolution [11]. 
 
EARTH 
 
Earth retains the poorest record of impact craters amongst terrestrial planets. Many impact structures are covered by 
younger sediments, others are highly eroded or heavily modified by erosion, only few impact craters being well 
preserved on the surface. However, most of impact craters have been obliterated by other terrestrial geological 
processes.  
In order to investigate the magnetic signature of the largest impact craters, we consider the data grid from World Digital 
Manetic Anomaly Map-WDMAM 2007 [3]. From this we plot for each Earth’s crater the total (� T) magnetic anomaly 
map, centered on the crater and extended over at least two radii.. From al the investigated impact craters we have 
selected few large structures with specific magnetic signature.  
Vredefort (Fig.1), is the Earth's oldest and largest impact structure, and so it is our best analogue for the giant Martian 
impact basins. The crater, 2200 My old, has a diameter of roughly 250 - 300 km, with three concentric circles of 
uplifted rock, which were created by the rebound of rock bellow the impact site when the asteroid hit. Above the 
Vredefort meteor crater lower than average magnetic field intensities of the area were observed. The reduced fields 
were attributed to pressure demagnetization cased by shock waves generated during the impact, despite of higher 
magnetic intensities of the rocks in the crater [2]. The palaeomagnetic directions of these strongly magnetized rocks are 
randomly oriented and effectively cancel out when summed over the crater [8]. As for Martian craters, the magnetic 
field often appears lower than that of neighboring terranes, implying that magnetic anomalies of meteorite craters on 
Moon or Mars cannot be used as evidence for absence of the planet’s internally generated magnetic field at the time of 
the impact [1]. 
Sudbury Structure, 1850 My old, at almost 200 km across and a pronounced elliptical pattern, might be formed by a 
meteorite impact. The kidney-shaped basin is the site of the richest nickel-copper sulfide deposits with an enigmatic 
geologic feature which does not match with what would be expected from a simple magmatic differentiation and 
hydrothermal processes [4]. 
 

  

 

 

 

 Fig.1 Magnetic map (� T) over the Vredeford impact crater, Earth's oldest and largest crater (on the left) and Sudbury 
Basin (on the right). For the GMT mapping of the magnetic signature of the craters it was used the digital format of 
WDMAM 2007. Coastline showed as solid black line. Sc: 1: 50 000 000. The light black circles represent the main rim 
and additional rings interior to this. 

 



 

  
 

 

 

  
Fig.2 Magnetic map (� T) over the Chicxulub impact crater, a possible Cretaceous/Tertiary boundary impact crater, (on 
the left) and Manicouagan, one of the largest impact crater well-preserved, with a proeminent rim on the outer shore of 
the lake (on the right). For the GMT mapping of the magnetic signature of the craters it was used the digital format of 
WDMAM 2007. Coastline showed as solid black line. Sc: 1: 50 000 000. The light black circles represent the main rim 
and additional rings interior to this.  

 

 
Another interesting and deeply investigated crater is Chicxulub structure (Fig.2), a 170 km crater, 65 My old, which is 
not visible at the surface. Only field work, drilling, and geophysical data could identify it. The detailed magnetic 
signature consists of three concentric zones, with radii of 20, 45 and 80 km, suggesting a multi-ring impact structure. 
Although the magnetic signature of Chicxulub or Vredeford are distinctive, a variety of magnetic signatures are 
encountered in the other terrestrial impact structures, dependent on target rocks and their homogeneities, impact 
magnetizations and subsequent geological evolution of the area [9]. 
Moreover, other terrestrial impact structures, as the Charlevoix or Manicouagan impact craters, 200 My old, 70 km 
across, among them (Fig.2), also have strong but spatially dispersed sample magnetizations and low aeromagnetic 
signatures [12].  
 
MARS 
 
MGS mission revealed the complex nature of the lithospheric magnetic field of Mars [10],[16]. Intense anomalies are 
located above the southern cratered highlands, while the giant impact basins (Hellas, Argyre, Utopia) and the northern 
smoothed lowlands do not show significant anomalies. Note the absence of magnetic signatures associated with the 
Martian volcanos Olympus Mons and Tharsis Montes and with the large impact basins Hellas and Argyre. The 
magnetic signatures near Mars reveal that it has virtually no internal magnetic field at the present time. The Martian 
magnetic field is lithospheric in origin and the dynamics of this system are dominated by the interaction of the sun's 
magnetic field with the crustal field. The magnetic fields associated with the crust are more than an order of magnitude 
larger than those associated with the terrestrial crust. The contrast between the measured magnetic fields in the strongly 
magnetic and so-called non-magnetic regions on Mars is a factor of 300, much larger than contrasts that would be 
measured over Earth from satellite. Terrestrial contrasts are more typically of factor 10 [10]. 
We superimposed on the magnetic anomaly maps [5] the locations of the circular crater rims with diameters larger than 
200 km from the grid of The Mars Orbiter Laser Altimeter (MOLA) [14], an instrument on the Mars Global Surveyor 
(MGS) spacecraft. We selected the largest craters, Hellas, Argyre and Isidis which do not show any strong 
magnetization (Fig.3). The lack of magnetic anomalies suggests that impacts demagnetized the crust by shock or by 
thermal and shock effects to a distance of at least 1.5 radii.  



 
 
Fig.3 Magnetic anomaly map for Hellas (on the left), Argyre and Isidis (on the right), the martian 
Southernlands largest craters. Theta, radial and scalar Mars Global Surveyor magnetic data (from 
top to the bottom), superposed on MOLA’s altimetry (a 0.20 × 0.20 grid ). Two separate legend 
scales are used for scalar component (bottom left) and theta and radial components (upper right), 
respectively. The blue/red circular shape represents the main rim uplift. 

 
The Hellas basin with a diameter of approximately 2000 km and the Argyre basin, with a total diameter of 1300 km 
may explain the relative weakness of the southern highland anomalies. Since the crust beneath the large and 
intermediate-sized impacts seems to have not been remagnetized after the impacts, it might have no core dynamo active 
or a very weak one for hundred My, following Hellas or younger impacts [6].  
The Daedalia, Ares and Ladon basins, as a magnetic timeline, may fall within the active dynamo time, as they appear to 
be magnetized. The ancient large lowlands Chryse, Utopia and Acidalia have quite different magnetic signatures. 
Chryse seems as magnetic as Ladon, Acidalia is almost weaker and Utopia is the least magnetic of all, this spanning of 
the magnetic signature imply that the dipolar magnetic field went from significant to nonexistent, during a geologically 
short time, between these three impacts, 4.1 Gy ago [15].  
 
MOON 
 
The Moon has an external magnetic field of one to a hundred nT, it does not have a geodynamo in its core and the 
magnetization are crustal in origin. The crustal magnetization could be acquired early in the lunar history when a 
geodynamo was operating or during large impact events [13]. The principal concentrations of magnetic field anomalies 
(theta, radial and scalar theta component at 30 km from Lunar Prospector superposed on ULCN data) with the strongest 
magnitudes are on the far side of the Moon, antipodal to the giants Imbrium, Orientalis (Fig.4), Crisium and Serenitatis 
impact basins.  
 



 
 

Fig.4 Magnetic anomaly map for Imbrium (on the left) and Orientalis (on the right) lunar craters. Theta, 
radial and scalar Lunar Prospector magnetic data (from top to the bottom), superposed on ULCN’s 2005 
gridded topography. Two separate legend scales are used for scalar component (bottom left) and theta 
and radial components (upper right), respectively. Blue/red circles represent the main rim and the 
additional rings interior to this. 

 
Analyses of the magnetic anomalies at Mare Crisium and Mare Moscoviense (Fig.5) may provide insight into the 
possible existence of a former core dynamo if the anomalies within the basins are produced by crustal thermoremanent 
magnetization. The furrowed terrane at Mare Crisium and the albedo feature at Mare Moscoviense have been proposed 
to be due to seismic effects or ejecta materials from the Orientale and Humorum impacts, respectively. It is possible that 
the processes that formed these features may also have magnetized the crustal rocks. But many of the craters have 
magnetic fields comparable to their surroundings or, even if they have lower average fields than their surroundings, do 
not have relatively symmetric magnetic lows, centered on the craters. Maybe the limitation of our data set and the 
presence of nearby magnetic sources often prevent clear identification of specific signature, even when the average field 
in the crater are weaker than the background fields. 
 
 



 
 

Fig.5 Magnetic anomaly map for Crisium (on the left) and Moscovienese (on the right) lunar craters. 
Theta, radial and scalar Lunar Prospector magnetic data (from top to the bottom), superposed on 
ULCN’s 2005 gridded topography. Two separate legend scales are used for scalar component 
(bottom left) and theta and radial components (upper right), respectively. Blue/red circles represent 
the main rim and the additional rings interior to this. 

 
CONCLUSIONS 
 
Research of impact sites tell us not only about the history of our own world, but about the history of the solar system 
out of which it was born. The terrestrial planets are open systems and impacting was and it can be a very important 
process on global scale. For example, the Earth’s history punctuates the coincidence in time between mega-impact 
showers and superplumes. The magnetic signature of terrestrial impact structures is the combined effect of the 
disruption of the main magnetic field due to the shock or/and thermal magnetization and high-amplitude and short 
wavelength magnetic anomalies in the center of large impact structures.  
Martian surface bears a large number of impact craters and the magnetic fields associated with the crust are more than 
an order of magnitude larger than those associated with the terrestrial crust. Many of these craters show evidence of 
wind erosion and filling by dust. The strongest anomalies occur over the older southern highland terrane and are 
relatively weak over the younger, northern lowlands. Anomalies are especially weak in the near vicinities of the largest 
southern hemisphere impact basins, associated with the Argyre and Hellas impact basins, but one or more additional 



large impacts or thermal events may be necessary to produce such a region absent large-scale fields, without any strong 
magnetization [4].  
On the lunar surface, a magnetic low is centered over the large craters, extends to 1-2 crater radii and the magnetic 
signature is relatively symmetric close to them. Many smaller craters have magnetic fields comparable to their 
surroundings or, even if they have lower average fields than their surroundings, do not have magnetic minima centered 
over the craters. We were able to identify demagnetization signatures in strongly magnetized regions but the craters are 
essentially randomly distributed over the surface.  
For this study, we have used the largest impact structures for Earth, Mars and Moon. In the near future we intend to 
extend this work to smaller impact craters, cataloging them in order to obtain statistical data on impact craters for each 
of these three planetary bodies. These catalogs and maps could become a standard reference for impact craters magnetic 
signatures, positions, shapes and diameters. 
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