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Introduction:  The magnetic anomalies on Mars
form linear features roughly consistent with small cir-
cles around an axis offset some 15 degrees from the
present-day poles.  These anomalies may represent the
track of ancient hot spots on the planet. The consis-
tency with small circles might be the result of core-
mantle decoupling similar to that of Earth. This decou-
pling would  result in an early martian lithosphere
slipping behind the rotation of the core where the
plumes originate.  The offset of the small circles from
the present-day spin axis is suggestive of polar wan-
dering of about 15 degrees, consistent with other esti-
mates of polar wandering .

Martian Magnetic Anomalies: The most reliable
map of martian crustal magnetic anomalies produced
to date is the ∆Br map [1]. This map, representing the
mean change of the radial component of the field with
latitude, is though to be an excellent proxy for the Bφ
component at MGS mapping altitude. The ∆Br is
thought to be largely free of the effects of external
field and allows unprecedented detail of the magnetic
anomalies, particularly in areas of Mars where the field
is relatively weak. Lineations traced from this map are
plotted in Figure 1. These lines represent the axes of
the linearly extended positive anomalies apparent on
the ∆Br map. 

Anomaly Pattern:  The extended anomalies are
clearly not random and seem to curve about the Hellas
and Tharsis regions. The pattern has been interpreted
in terms of plate tectonics [1, 2], with the explanation
that the linear anomalies represent magnetic stripes of
alternating polarities, analogous to those observed over
the oceanic regions of Earth. An equally plausible in-
terpretation is that the anomalies represent the track of
hot spots active on early Mars. Hot spot tracks on
Earth produce intense magnetic anomalies. The many
isolated and immense volcanic edifices on Mars attest
to the fact that volcanic plumes have been present on
Mars. If the early martian crust was mobile, two dif-
ferent scenarios could result in the hot spot tracks be-
ing apparent today as magnetic anomalies. If the
plumes rose into non-magnetic rock during the period
of an active core field, then the intrusions and extru-
sions would be magnetized as they cooled.  Or, if the
plumes rose after the cessation of the core field but
into previously magnetized regions, the destruction of
the magnetization could also result in linear anomalies
along the hot spot tracks. 

Circular Symmetry: On Figure 1, small circles
for a pole at 75N, 200E and 75S, 20E are shown as
dashed lines. The extended anomalies are consistent
with the small circles.  In particular the curves in the
magnetic lineations around the Hellas and Tharsis re-
gions seem to follow these small circles. If the mag-
netic lineations do represent hot spot tracks, then it
seems that they are in some way associated with the
rotation of the planet about an ancient spin axis. The
core of Earth rotates considerably faster than the man-
tle [3].  It is not unreasonable to suggest that the early
crustal shell of Mars rotated at a different speed than
its molten interior. Rising plumes would then leave
their footprint on the early crustal shell.

If this speculation is correct, the paleo-spin axis at
the time the crustal magnetic anomalies formed was
located some 15 degrees from the present-day pole.
This amount of polar wander is consistent with the
predictions based on rotational dynamics [4, 5]. 

Conclusion:  The very linear and extended mag-
netic anomalies on Mars may represent hot spot tracks
along the small circles of a martian surface since reori-
ented by polar wander.  The hot spots apparently fol-
lowed small circles, suggesting that the early crust
rotated slower than the hot interior parts of the planet.
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Figure 1. The pattern of magnetic anomaly lineations
(solid lines)  on Mars are consistent with small circles
(dashed lines) drawn about the poles (stars) offset
some 15 degrees off the present day spin axis. The
circles are the great martian volcanoes. Hellas (H) and
Argyre (A) are also shown.
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