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Introduction:  Mars Global Surveyor (1996-2006) 
detected strong and localized magnetic field on Mars 
[1]. They are the relics of an ancient, likely planetary 
scale, dynamic magnetic field. The magnetic field was 
frozen by the magnetic minerals of the lithosphere, and 
its remanent trace has not evolved since, unless re-
heated, displaced or shocked, resulting in a de- and 
eventually re-magnetization. While a homogeneously 
internally magnetized lithosphere does not result in a 
magnetic field signature outside the sphere, any feature 
modifying its properties will be associated with a mag-
netic signature. In this paper, we study the demagneti-
zation associated with an impact crater, and predict its 
magnetic signature at spacecraft altitude. By compar-
ing this predictive signal to spacecraft measurements, 
it should be possible to discriminate between impact 
craters that did not affect the magnetic properties of 
the lithosphere, and those who did (occurring after the 
Martian dynamo shutdown). 

Demagnetization and impact craters: Thermo 
Remanent Magnetization (TRM) may be modified or 
even erased by several effects: time relaxation, reheat-
ing above the Curie temperature, shock demagnetiza-
tion, and large scale fracturation and/or brecciation. 
The last one does not erase the magnetization of the 
minerals. Instead, it randomizes the orientation of the 
magnetic particles/blocks, resulting into a null mag-
netic field at spacecraft altitude.

Impacts are associated with thermal and shock phe-
nomena. But the first demagnetization process associ-
ated with impacts is material excavation. In the follow-
ing we focus on this signature. Impact craters may be 
described by several parameters, ranging from the 
characteristics of the impactor (speed, size, angle), via 
the pre-impact material properties (composition, den-
sity, gravity), to the final crater depth and diameter. 
The final, measurable, rim-to-rim crater diameter Dt is 
empirically  expressed as a function [2] of the transient 
one Dr, following Dt = 1.37 (±0.12) Dr

0.85(±0.04). The 
excavation depth dex represents the maximum depth at 
which the material is excavated. It is ¼ to  of the 
transient crater depth [3], which is the maximum depth 
at which the pre-impact material is affected. The exca-
vation depth-to-diameter ratio is approximated by 
dex/Dex = dex/Dt ~ 1/10. Several observations confirm 
this ratio for fresh craters [4] or for older ones, by es-
timating the maximum uplift the central material ex-
perienced [5], [6].  

Pre-impact material: We assume the magnetiza-
tion to lie in the upper 60 km of the Martian litho-
sphere. The TRM was acquired while cooling in the 
presence of a global, axial dipolar magnetic field. As a 
consequence, magnetization inclination directly relies 
on the magnetic latitude. Declination will also vary, if 
the magnetic palelopole is different from the current 
rotation pole. The mean magnetization is set to 1 A/m, 
which is lower than the maximum magnetization that 
is though to exists on Mars (±12 A/m, but with a mean 
value of 1 A/m [7]). Several paleopole locations are 
tested, and the crater is always located at (lat, lon) =  
(0°, 180°). The excavated area is simulated by a 
paraboloid of revolution, with a circular surface sec-
tion and a maximum depth set to 10% of its diameter. 
Crater diameters range between 100 and 400 km, with 
a 50-km increment.   

Results: The three components of the magnetic 
field are predicted within a 30x30° area, at altitudes 
ranging from 100 to 400 km. Seven different paleo-
poles are tested. The resulting magnetic field signature 
is more or less symmetric (Fig 1), the largest field be-
ing observed when the impact is emplaced above the 
magnetic pole. At 200-km altitude, a 200-km wide 
demagnetized impact crater will result in a ~8 nT mag-
netic field. Such a transient crater would have a rim-to-
rim diameter close to 350 km.  

Figure 1 - Magnetic field (nT) signature of a 200-km wide 
crater, predicted at 200-km altitude, with a paleopole located 
in (90, 0). 
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We show on Fig. 2 the maximum field vs. the alti-
tude and crater diameter. The larger the crater is, and 
the lower the measurement is made, the larger the 
magnetic field is. A 100-km diameter transient crater 
will have a magnetic signature of about 3 nT at 150-
km altitude, while a 200-km diameter crater will be 
associated with a 1 nT signal at 400-km altitude. 

Figure 2 - Maximum magnetic field signature as a function 
of the altitude and of the crater diameter. 

Discussion: Large and small impact craters may 
affect the magnetic properties of the lithosphere. Indi-
vidual craters located in a homogenously magnetized 
layer have magnetic signatures that are measurable at 
spacecraft altitude. A single crater will be associated to 
a local increase of the magnetic field. The case for 
Mars is much more complex, as multiple overlaying 
craters are emplaced within a non-homogeneously 
magnetized lithosphere. Finding one-to-one correla-
tions is not easy, since many parameters influence the 
magnetic signature. But it should be possible to statis-
tically determine the characteristics of demagnetized 
areas [8]. 

Figure 3 - Modeled equivalent magnetization (radial com-
ponent) from [7]. Solid lines show Copernicus, Sirenum, 

Newton, Kovalsky and Daedalia (from left to right). Smaller 
craters (100 < 300 km) are shown by dashed lines. 

We show on Figure 3 the equivalent source dipole 
radial magnetization of [7], above the very impacted 
areas Terra Cimmeria and Terra Sirenum. The model 
resolution is ~300 km, as a consequence only a few 
craters may be considered. Some craters, such as New-
ton and Copernicus, may be partially demagnetized. 
Others, such as Daedalia, do not show any correlation 
with the magnetic field. The two first craters are con-
sequently thought to have taken place after the dynamo 
shutdown. 

New measurements are eagerly awaited for. These 
new measurements should have a better accuracy 
(lower than 0.5 nT), a much better geographical cover-
age at low altitude (under 250 km). This is one of the 
main scientific objectives of Mars Escape and Mag-
netic Orbiter (MEMO), a new orbiter that would be 
launched by ESA in the frame of the Cosmic Vision 
program. Such an orbiter would simultaneously moni-
tor the atmospheric escape at Mars and the interactions 
between the lithospheric magnetic field and the solar 
wind. The low altitude orbit of MEMO would allow 
the magnetization of craters as small as 100-km diame-
ter to be characterized. There are more than 250 such 
craters. These craters will help to better estimate the 
dynamo shutdown on Mars, which will then bring new 
constraints on the evolution of Mars’ interior and of its 
atmosphere. 
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Additional Information: Magnetization model 
and magnetic field predictions at spacecraft altitudes 
from [7] are accessible though www.planetary-
mag.net. 
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