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Introduction: The red planet is a magnetic planet.  
Mars’ iron-rich surface is strongly magnetized, likely 
dating back to the Noachian epoch when the surface 
may have been habitable. Paleomagnetic measure-
ments of returned samples could transform our under-
standing of the Martian dynamo and its connection to 
climatic and planetary thermal evolution and provide 
powerful constraints on the preservation state of bi-
osignatures in the samples.  

Although Mars presently does not have a core dy-
namo magnetic field, but the discoveries of intense 
magnetic anomalies in the ancient southern cratered 
terrane by the Mars Global Surveyor mission [1] and 
remanent magnetization in Martian meteorite ALH 
84001 [2] provide strong evidence for a Martian dy-
namo during the Noachian epoch.  The time of origin 
and subsequent decline of this field are poorly con-
strained but have critical implications for planetary 
thermal and tectonic history [3] and the evolution of 
the Martian atmosphere and climate [4].  

Science from paleomagnetic studies: When mag-
netic minerals crystallize, cool, or are aqueously de-
posited in the presence of a magnetic field, they will 
magnetize in the direction of the local magnetic field 
with an intensity that scales with the field intensity.  
As a result, paleomagnetic studies of rocks yield two 
main pieces of information: the paleointensity and the 
paleodirection of past fields.   

Because the original orientations in which all Mar-
tian meteorites and returned samples acquired their 
magnetizations are unknown, all paleomagnetic stud-
ies on Martian samples to date have only been able to 
infer the field paleointensity. By comparison, paleo-
magnetic studies of returned, oriented samples afford: 
(a) the first opportunity to infer the paleodirection of 
Martian paleofields; (b) geologic context; (c) the op-
portunity to obtain semicontinuous time sequences of 
paleomagnetic measurements; and (d) measurements 
of samples unaffected by shock processing associated 
with planetary ejection of meteorites. 

A recent community-based study [5] produced a 
ranked list of key science objectives that could be 
achieved using paleomagnetic studies of returned 
Mars samples and that are linked to the leading Mars 
science objectives identified by the End-to-End Inter-

national Science Analysis Group (E2E-iSAG) [6]. The 
top 6 objectives identified were: 
1) Determine the intensity of the Martian dynamo 
2) Characterize the dynamo reversal frequency and 
conduct magnetostratigraphy 
3) Constrain the effects of heating, aqueous alteration, 
and radiolysis on the samples 
4) Test the hypotheses that Mars experienced plate 
tectonics and/or true polar wander and constrain the 
tectonic and deformational history of the landing site 
5) Determine the major mineral carriers of Martian 
crustal magnetization 
6) Constrain sediment sourcing, fluid flow, and the 
depositional environment using environmental mag-
netism studies. 

Sampling and curation strategy. The ideal tar-
gets for paleomagnetic studies are oriented samples 
acquired from bedrock with well-defined paleohori-
zontal indicators and lacking complex metamorphic, 
aqueous alteration, and shock histories. Samples 
should ideally be acquired from a time spanning the 
estimate lifetime of the Martian dynamo (pre-
Noachian to Noachian Periods) During and following 
sampling, key sample quality criteria for ensuring the 
success of the magnetism science objectives are: (a) 
no exposure to fields >200 µT, (b) no exposure to 
temperatures >100 °C, (c) no exposure to pressures > 
0.1 GPa, and (d) samples absolutely oriented with 
respect to bedrock with a half-cone uncertainty angle 
of <5°. On Earth, samples should be stored in a mag-
netically-shielded environment to prevent remagneti-
zation in the Earth's field. Our recent tests of the Mars 
2020 testbed drill indicate that all criteria are likely to 
be met, with the possible exception that some cores 
may experience unconstrained azimuthal rotations. 
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