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JOURNAL INTERNATIONAL, 183, 695-705, 2010.

Origin of lineated magnetic anomaly in the
southern hemisphere of Mars: Why? When? What?
How?

Yifan Hu
Department of Geological Sciences, University of
Florida

Magnetic anomalies are deviations from magnetic
field of the planet produced by crustal materials as
measured by near-surface satellites over a broad range
of radial distances. The discovery of large scale
magnetic anomalies on the order of thousands of
kilometers long, a few hundred kilometers wide in
the southern hemisphere of Mars by Mars Global
Surveyor (MGS) spacecraft triggers considerable
amount of interest within science community (Acufa
et al., 1999).What’s even more interesting is that these
magnetic anomalies are east-west-trending,
quasi-lineated(Fig. 1). The origin of these lineated
magnetic anomalies is soon becoming a very

controversial topic in both Planetary Science

community and Geomagnetism Paleomagnetism
Community.

The first working hypothesis is proposed by
Connerney et al., 1999, addressing that they actually
represent the ancient sea-floor spreading on the
Juvenile Mars in the presence of active dynamo. There
are many supportive evidences making this hypothesis
convincing: these lineated anomalies are constituted
by a series of stripes with alternating magnetization
(1) in terms of its polarity, which resembles the marine

anomalies discovered on Earth distributed as parallel
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bands along the axis of Mid Ocean Ridge.
Connerney et al., speculates that these stripes may
have recorded the polarity reversals of Martian
magnetic field at the moment they form.

However, Fairen et al.,2002 holds opinion
against this model by pointing out that the elevations
of these anomalies measured by MGS are significantly
higher than that of their ambient lands, especially the
northern hemisphere. In case they are the relict
products of sea-floor spreading, the elevations should
be progressively getting lower as they are moving
further away from the axis.

Furthermore, as the absence of large scale
magnetic anomalies in the northern hemisphere of
Mars is taken into consideration(Fig. 1), the
asymmetry of these lineated anomalies contradicts to
the model of sea-floor spreading which should be
faithfully recorded at both side of its spreading center.
On the other hand, Fairen et al., 2002 hypothesizes
that rather than the sea-floor spreading, continental
collision as well as terranes accretion may be a better
interpretation to describe the asymmetry and high
elevation, the analog on Earth is the enormous
collision belt along the western North America (the
Cordillera) with similar size and geometry, yet no
finding of corresponding rock types (e.g. arc volcanic,
silicic plutonics and metamorphosed sediments)
associated with this type of collision is confirmed in
the vicinity of these regions.

Although Connerney et al., 1999 claims that the
absence of large scale magnetic anomalies in the
northern part of Mars should attribute to one or several
disastrous asteroid bombardments totally
demagnetizing (2) the crust as very high shock
pressure and temperature are achieved, other scientists
suggest that the sea-floor spreading model needs to be
cautiously re-evaluated.

No matter which model is adequate to explain the

origin of lineated magnetic anomalies, one consensus
has been achieved: tectonism may not be unique to the
earth, it may possibly have existed on other terrestrial
planet such as Mars and this consensus is confirmed
by Dohm et al.,, 2002 providing a synthesis of
published

information and detailed structure mapping.

geomorphological,  paleohydrological

There are other alternative speculations including
hot spot track (Sprenke, 2007), dike intrusion (Nimmao,
2000)

magnetic anomalies, further validity confirmations are

to explain the origin of these lineated

necessary.

Given the fact that the elevation of northern
hemisphere is much lower in comparison with the
southern one’s (the crustal dichotomy, Fig. 2), (Smith
et al., 1999; Neumann et al., 2004; Walters et al., 2007)
gigantic meteorite impact model is gradually gaining
its popularity during past 2 decades: Wilhelms et al.,
1984; McGrill et al., 1991; Nimmo, 2008 suggest the
northern hemisphere has been historically bombarded
by one or several giant asteroids or meteorites that not
only significantly disrupt the crust, but also result in
depletion of underneath mantle even part of the core
(Fig. 3). The intense bombardments are playing a
crucial role in modifying this planet by 1) terminating
the ongoing active dynamo of Mars, 2) erasing the
magnetization of its northern crust. Since those giant
meteorite-impact craters do not display any
magnetization at all, they are assumed to occur after
the cessation of globally-effective magnetic field,
otherwise the craters will again acquire magnetization
in the presence of ambient field as they cool down
below the ordering temperature (3) when melting and
related thermal events disappear. By contrast, southern
hemisphere may has devoid this type of disastrous
impact and therefore retains many ancient geological
features such as these lineated anomalies generated

prior to the shut down of Martian dynamo.
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If this model is plausible, it may explain a few
unsolved puzzles including the absence of large scale
magnetic anomaly in the northern hemisphere and the
anomaly asymmetry between 2 different hemispheres.
However, there is one question that hasn’t been
answered properly: if the northern lowlands are
developed as subsequences of bombardments, why
does this hemisphere manifest itself as a region with
far fewer craters in comparison with the southern one?
Before evidences of large scale resurfacing factors
such as glacier migration, water flow, sediment
infilling or other contributions that could smooth out
the surface are discovered, this model remains
imperfect.

Besides these working hypotheses, there are other
unsolved but important mysteries related to southern
Martian magnetic anomalies being discussed within
science community, a growing body of work is
currently attempting to understand why the magnitude
of magnetization detected at high altitude (~400 km)
by MGS is several orders stronger than that of typical
terrestrial basalt at a comparable distance. Considering
magnetization of rocks with same age on Earth is
extremely weak, the mechanism behind this retention
of strong magnetization over billions of year at a large
scale is unclear. McEnroe et al. 2004 proposes that the
strong magnetic anomalies are probably caused by a
new type of magnetism: lamellar magnetism (4) which
has been experimentally proved to be resistant to
thermal demagnetization (5) and shock
demagnetization (6). Kletetschka et al. 2000, Dunlop
2005 speculates that particular assemblage of
magnetic minerals (e.g. hematite, titanohematite or
both) and high iron concentration (15~30 % by weight
Fe versus a few percent in terrestrial continental crust)
on the basis of a variety of observations (thermal
Martian meteorites, soil

emission  spectrometer,

measurement at the Pathfinder landing site etc.) may

also play a significant role in enhancing the
magnetization. Also, Gilder 2004, 2008 discovers that
the magnetization of hematite, titanomagnetite and
magnetite will be permanently elevated even the
applied stress is removed.
Future Directions

Research in understanding the origin of lineated
magnetic anomaly in the southern hemisphere of Mars
is expanding at an astonishing pace on a variety of
fronts, only very few of which are described in this
short abstract. Scientists are continuously integrating
tools from complementary disciplines (e.g. Material
Science, Astronomy, and Geodesy) as they explore the
effects from mineral structures to magnetic field
behavior of our giant reddish planetary neighbor.
Because there are currently no seismic measurements
done on Mars, the thickness of Martian crust remains a
debatable topic as the depth of seismic velocity
discontinuity that characterizes the interface between
layers of different mineral, chemical compositions
cannot be well estimated. So possibly in future, as the
first seismometer is successfully deployed on Mars
and starts to send data back to the Earth, scientists are
able to make a major breakthrough in this area, and the
excitements along with complexity described in this
short abstract will help out readers to get a rough idea

of its historical research attempt.

East Longitude

aBy/aLat (nTdeg) [T NN

31 3 WX

N 0 3 A -3

Figure 1 Mapping of Martian magnetic anomalies,
generated from data by Mars Global Surveyor (Acufia
etal., 1999).

11



PGL Letters

AW (M) 201101

1
-8,000 -4,000 0 4,000 8,000
Topography (m)

Figure 2 Spherical projection of Mars’ topography
with 0° E longitude at front center. It describes the
elevation difference between Mar’s southern and
northern hemispheres. (Neumann et al., 2004)

o0 4400 8000 0000 4500 <3000 1,500 O
Distance (km)

M -2000 10 0 1500 A 1500 2000 40 8000
Dimtanca (lkm)

C1=32208 0 wr .

di=58208 g o

,"f;/_

0001500 0 1500 A0 4500 0000
Distanca {lom)

D 3P00 VM0 O 1400 3000 4500
Distanca (lkm)

Figure 3 Snap shot of results from typical axially
symmetric simulation using Zeus hydrocode to display

different stages of Martian core-mantle
equilibration after impact over time (Nimmo, 2008).

Glossary (Harrison and Feinberg, 2009)

1) Magnetization - Expressed as the magnetic
moment per unit volume (A/m).Sometimes
measurements of magnetic moment are
normalized by the mass of the sample rather
than by its volume, yielding units of A.m?/kg.

2) Demagnetize - Process of reducing or
removing magnetization.

3) Ordering temperature- The temperature
above which the spontaneous magnetization is
lost.

4) Lamellar magnetism- An extremely stable
and strong magnetic microstructure generated
by nanoscale intergrowths of ilmenite
(FeTiOz) and hematite (Fe;O3).

5) Thermal demagnetization- Process of
reducing or removing magnetization of
materials when it is subjected to thermal
perturbation.

6) Shock demagnetization- The removal of
remaining magnetization of a material as it is
exposed to a physical shock; especially
important in meteorite.
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