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Introduction:  Measurements recently
supplied by the MGS Magnetometer/Electron
Reflectometer (MAG/ER) on MGS can be
applied to test theories of the origin of the
martian crustal dichotomy.  Strong (± 1500
nT) magnetic anomalies are observed in the
Martian crust.  The observations can be
summarized as follows [1,2]: 1) strong crustal
magnetic sources are generally confined to the
southern highlands, although weaker (~40 nT)
anomalies were observed during close periap-
sis; 2) strong magnetic anomalies are absent in
the vicinity of Hellas and Argyre; 3) the
anomalies in the region 0° to 90° S, 120° to
240° west have a linear geometry, strike gen-
erally east west for 1000s km, and show sev-
eral reversals.  This latter point has led to the
suggestion that some form of lateral plate tec-
tonics may have been operative in the south-
ern highlands of Mars [1,2].

These observations have led previous
workers [1] to hypothesize that the magnetic
anomalies were present prior to and were de-
stroyed by the formation of Hellas and Ar-
gyre.  As such large impacts are confined to
the era of heavy bombardment, this places the
time of formation of large magnetic anomalies
prior to ~3.9 Ga [1].  One obvious extension
of this is that the northern lowlands lack sig-
nificant anomalies because they were erased
by impacts and/or the northern lowlands rep-
resent crust completely reheated above the
Curie temperature.  

Preliminary observations of the distribu-
tions of the large crustal magnetic anomalies
show that many of them extend continuously
over the highland lowland boundary.  This

occurs particularly north of the boundary be-
tween 30°W and 270°W, corresponding to
northern Arabia, but also occurs in southern
Elysium (~10°S, 200°) and the SW portion of
Tharsis (~15°S, 140°).  This suggests that, in
these areas, Noachian crust containing the
>3.9 Ga magnetic signature, lies beneath the
northern highlands.  This geometry can be
used to test models for the formation of the
martian crustal dichotomy.

Timing. Two models argue for the forma-
tion of the northern lowlands by impact.
This first involves a single huge impact where
the lowlands are the basin of that impact [the
“Borealis Basin”, 3].  A second model calls
for the formation of the lowlands by multiple
overlapping impact basins [4].  The scale of
both of these events requires formation of the
northern lowlands very early during the heavy
bombardment, ca. 4.55 Ga for Borealis [5].  If
the northern magnetic anomalies were de-
stroyed by impacts of this magnitude, this
puts the formation of the anomalies prior to
this event.  The maintenance of a dynamo and
its cessation (at least enough to prohibit for-
mation of 1500nT anomalies) would have oc-
curred within a relatively short period of time
(~ few 100 Ma), which requires that if the
southern linear anomalies are formed by plate
tectonics, the crustal spreading would have to
happen relatively quickly as well.  This ar-
gues against the idea that slow reversals could
accommodate the cooling of large packages of
crust that may be required to produce such
strong anomalies [2].

Endogenic processes such as the thinning
of the lowlands by subcrustal erosion [6] or
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over a mantle plume [7] may serve to heat up
primordial crust above the Curie temperature.
In this scenario, thinning events would have
had to occur subsequent to the cessation of
the (strong) dynamo in order not to record the
anomalies.  Deepseated anomalies would be
preferentially destroyed from below, and may
allow the maintenance of anomaly-free Noa-
chian kipukas (presumably the surface layer)
within the northern lowlands.

The Surface vs. What is at Depth.  The
overlap of the magnetic anomalies into the
northern lowlands may correspond to areas
where the ancient crust is present beneath the
lowlands.  This implies that this ancient crust
is at a deep level beneath both the highland
and lowland areas, at least 3 km below the
present topography of the highlands.  Per-
haps this 3 km represents a megaregolith
within the southern highlands.  This observa-
tion does not support differential movement
along the present day boundary.  If the topog-
raphy of the lowlands was lowered relative to
the highlands (and the ancient crust lowered
within it), you may expect a lessening of the
magnetic field over the boundary, which is not
seen at the surface.  Higher order gravity and
topography data expected from MOLA will
undoubtedly shed light on crustal thickness

variations such as these.
A geomorphic study of a specific area

where a magnetic anomaly crosses the dichot-
omy is currently underway.  The area of fo-
cus is centered on ~10°S, 202°W and extends
from ~5°S to 15°S.  A positive magnetic
anomaly correlates with the extensive Noa-
chian cratered unit (Npl1, 8) and dissected unit
(Npld).  The anomaly becomes negative
northward, still within Npl1, changes to posi-
tive values and crosses the dichotomy into
knobby plains material (Apk).  Preliminary
analysis of Viking data show no morphologies
indicative of variations in composition, flow
boundaries, or topography correlative with
the geometry of the magnetic anomaly.  
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