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Science from paleomagnetic studies: When mag-

netic minerals crystallize, cool, or are aqueously de-
posited in presence of a magnetic field, they will mag-
netize 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 pa-
leodirection of past fields.   

Because the original orientations in which all mete-
orites and returned lunar samples acquired their mag-
netizations are unknown, all paleomagnetic studies to 
date on extraterrestrial materials have only been able 
to infer the field paleointensity.  By comparison, pa-
leomagnetic studies of returned, oriented samples af-
ford: (1) the first opportunity to infer the paleodirec-
tion of extraterrestrial paleofields; (2) geologic con-
text; (3) the opportunity to obtain semicontinuous time 
sequences of paleomagnetic measurements; (4) meas-
urements of samples unaffected by shock processing 
associated with planetary ejection of meteorites. 

1-3. Paleodirectional data, geologic context, and 
time sequences.  Oriented, stratigraphically bound 
sample suites from known geologic locations could be 
used for three very important investigations:  a) testing 
whether ancient magnetic fields were due to a core 
dynamo or other postulated field sources, b) character-
izing the temporal behavior of any dynamo and c) 
chronicling local and planetary scale tectonics.  Similar 
datasets from Earth rocks played key roles in establish-
ing the plate tectonics hypothesis, the magnetostrati-
graphic timescale, and understanding the geodynamo.   

a) It is thought that dynamos once operated on Mars 
[1] and possibly the Moon [2] and asteroids [3].   
These putative dynamos have critical implications for 
planetary thermal evolution and differentiation, the 
nature of chondrite parent bodies, and the evolution of 
planetary atmospheres.  However, a key alternative 
hypothesis for planetary paleomagnetism is that it is 
the product of fields generated by impact-produced 
plasmas [4].  The dynamo and impact hypotheses can 
be directly distinguished using paleodirectional data: 
oriented rocks of similar ages magnetized by an axial 
geocentric dynamo like that of the Earth should have 
average magnetization pointing to either spin paleo-
pole with inclination given by a characteristic latitu-
dinal dependence, while magnetization from impact-
produced fields should be random or at least extremely 
nondipolar on a global scale. 

The paleomagnetism of some chondrites has tradi-
tionally been ascribed to external magnetic fields like 
the protoplanetary disk [3, 5].  The latter fields are 

thought to have played an essential role in mass and 
momentum transfer.  However, it has recently been 
suggested that the paleomagnetism of at least CV car-
bonaceous chondrites is from a core dynamo on a par-
tially differentiated parent body [5].  Analyses of ori-
ented samples could resolve this debate. 

b) Measurements of sequences of oriented samples 
from stratigraphically bound sections can be used to 
infer the secular variation and reversal frequency of 
the field.  These data can constrain the nature of core 
convection, the mechanism of field generation, and 
possibly the age of any solid inner core [e.g., 6].  Fur-
thermore, both oriented and unoriented samples can 
yield the paleointensity of the ancient field through 
time, which would indicate when the field was active. 

c) Measurementes of oriented samples can be used 
to test the hypothesis that body has experienced plate 
tectonics, local tectonics, and/or true polar wander.   

4.  Lack of shock effects. Nearly all lunar and Mar-
tian meteorites appear to have been shocked above ~15 
GPa during ejection from these bodies [8].  Because 
even weak (< 1 GPa) shocks can remagnetize rocks 
[3], returned samples could be more pristine than the 
meteorite suite. 

Sampling and curation strategy.  The ideal tar-
gets for paleomagnetic studies are oriented samples 
taken from coherent bedrock with well-defined paleo-
horizontal indicators.  Samples should be orientated 
with respect to the global planetary coordinate system 
and to vertical.   Samples should ideally not be heated 
above ambient temperatures and not be exposed to 
fields greater 100 µT.  The latter requirement can be 
fulfilled if the samples are shielded inside of a high 
magnetic permeability container for the return trip to 
Earth.  On Earth, samples should be stored in a mag-
netically shielded environment to prevent remagnetiza-
tion in the Earth's field. 
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