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Introduction:  Magnetic measurements of
meteorites are non destructive techniques allowing to
investigate in the case of SNCs:

-the type of magnetic minerals,
-the possible in situ remanence in order to

interprete the observed crustal magnetization,
-the intensity of the magnetic field in which the

natural remanent magnetization (NRM) is acquired,
-the petrofabric through the anisotropy of

magnetic susceptibility.
  Detailed magnetic data is presently available on

all Martian meteorites known today, except Yamato
793605, 980459 and 1075, GRV99027, NWA 1950
and 3171, i.e. 26 over 32 unpaired SNCs. These data
have been or will be published in [1-3], and this
contribution summarizes these 3 papers. We also
include here original paleomagnetic data on
MIL03346.

Magnetic mineralogy: remanent magnetization
of SNCs is carried either by titanomagnetite or by
pyrrhotite (or by the mixture of both) [2,4]. Various
rock magnetic parameters and criteria have been
used, together with microscopic observation, to reach
these conclusions. The S ratio - the isothermal
remanent magnetization (IRM) obtained after
applying a 3 T field and then a back field of –0.3 T,
normalized to the 3 T IRM- appears a particularly
adapted parameter. It is <-0.95 for titanomagnetite
and >-0.9 for pyrrhotite (Table). Remanent coercivity
is also significantly higher for pyrrhotite bearing
SNCs. Titanomagnetite is the magnetic carrier in
nakhlites (7 studied meteorites) whereas it is
pyrrhotite in most basaltic shergottites (11
meteorites). Dhofar 378,  Los Angeles,
NWA480/1460 and 2046 are anomalous basaltic
shergottites, as their magnetism is mainly due to
titanomagnetite. A mixture of magnetite and
pyrrhotite is observed in ALH84001 and LEW88516,
while magnetite dominates in ALHA77005 and
Chassigny.

Remanence intensity related to Mars crustal
magnetization: the NRM of SNCs is not the correct
analog for the highly magnetized Martian crust due to
acquisition after dynamo shut down and/or non
thermoremanent (TRM) acquisition process (except
possibly ALH84001). It is more significant to
estimate in situ NRM for Noachian rocks equivalent

IRM s.d. S ratio Bcr

Basaltic shergottites
              (pyrrhotite-bearing)

DaG 476/489/670/1037 18.6 4.2 -0.86 94
Dho 019 23.1 -0.87 81
EETA 79001 lith.A 18.0 4.0 -0.79 69
EETA 79001 lith.B 25.3 2.9 -0.62 84
NWA856 17.1 -0.82 113
NWA1068/1183/1775 128 27 -0.72 128

NWA1195 23 -0.90 122

NWA1669 59.0 -0.82 53
QUE94201 55.6 -0.9 92
SAU 005/0990 5.27 0.98 -0.63 92
Shergotty 27.9 6.4 -0.72 113
Zagami 10.7 4.2 -0.83 97

(titanomagnetite-bearing)
Los Angeles 360 353 -1 55
NWA480/1460 117 13 -0.95 62
DHO378 34.6 26.7 -0.92 37
NWA2046 21.6 -0.92 36

Nakhlites
Governador Val. 89.7 12.8 -0.95 60
Lafayette 69.0 12.5
MIL 03346 398 -0.99 58
Nakhla 77.4 10.2 -0.97 61
NWA817 133 -0.98 56
NWA998 171 -0.98 41
Y000593 73.0 31

Ultramafics
ALHA77005 10.0 3.8 -0.99 24
ALH84001 1.50 0.40 -0.90 40
Chassigny 0.68 0.16 -0.95 63
LEW 88516 23.5 7.1 -0.92 54

Table : saturation remanence (IRM in 10-3

Am2/kg) with its s.d. in case of multiple samples, S
ratio and remanent coercive field (in mT) for
unpaired SNCs.

to SNC by using the saturation IRMs of SNCs and
the proposed value of 2 % for NRM/IRM in case of
TRM in an Earth-like field for magnetite or
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pyrrhotite [5].  Taking 5 A/m for the minimal crustal
NRM, e.g. [6-7], and a mass density of 3 leads to a
minimum saturation IRM of 83 10-3 Am2/kg.
Ultramafic cumulates (i.e., Chassigny, ALH 84001)
and lherzolitic shergottites (ALH77005, LEW88516)
are too weakly magnetic (by one or two orders of
magnitude) to account for the crustal magnetizations,
assuming magnetization in an Earth like field.
Nakhlites and some basaltic shergottites show the
right intensity. The most titanomagnetite rich SNCs
are MIL03346 and Los Angeles, and the most
pyrrhotite-rich is NWA1068. As basaltic shergottites
seems more representative of the average Martian
crust, pyrrhotite should be among the candidate
minerals for the magnetized Noachian crust.

Martian field paleointensity: We proposed in
[1] a new paleointensity method based on
normalization of NRM by IRM derivatives vs.
alternating field (REM’ method). The REM’ method
is of particular interest to estimate paleointensities in
meteorites, as these materials are often characterized
by complex multicomponent magnetization (see
figure) of various origins (impact magnetization,
thermoremanence ,  i so thermal  remanent
magnetization) and metastable magnetic minerals not
suitable for Thellier experiments.

For MIL03346 the low coercivity component (0-
30 mT) is likely of terrestrial origin, with a very low
REM’ (8 10-5) possibly a VRM acquired in the
Antarctic ice. The high coercivity component would
indicate a Martian magnetic field of  3 µT (REM’ of
1 10-3) at the time of acquisition. The REM’ method
(as well as literature data using other methods
reviewed in [1]) provides paleointensities in the range
2-24 µT (average : 6.7±5.6 µT), with no significant
difference between nakhlites and shergottites. These
rather low values are consistent with today’s
estimated surface field of remanent origin [7]. The
>20 µT values correspond to Shergotty and
ALH84001.

Magnetic anisotropy: the anisotropy of magnetic
susceptibility measures the shape and crystalline
preferred orientation of titanomagnetite and
pyrrhotite grains, respectively. The anisotropy ratio
(P equal to the ratio of maximum to minimum
principal susceptibilities) is in the range 1.01-1.03 for
nakhlites (3 meteorites), and 1.05-1.10 for basaltic
shergottites (9 meteorites, except EETA79001 at
1.02). ALH84001 and Chassigny yield P around 1.01
[3]. These very low P values compared to ordinary
chondrites or HED (ranging from 1.1 to 1.8 with
average around 1.4), are typical of terrestrial volcanic
or shallow intrusive mafic rocks and indicate that the

experienced shock did not result in a large petrofabric
(likely due to low initial porosity).
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Figure: orthogonal projections of the NRM vector of
MIL03346 during alternating field demagnetization.
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