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Introduction:  Magnetic anomalies on Mars as re-
corded by the magnetometers on-board Mars Global
Surveyor (MGS) satellite have been modeled using
several approaches [1, 2, 3, 4, 5, 6]. Some of these
models have been subsequently used to compute pa-
leopoles on Mars. In this paper, using forward models
of alternative source geometries and diverse magneti-
zation vectors, we show that the well-known ambiguity
in potential fields can lead to significantly different
paleopole locations. Furthermore, due to the coales-
cence effect of anomalies at satellite altitudes [5], the
MGS observed anomalies inhibit inferences regarding
precise geologic nature of the sources and their true
directions of magnetizations. Thus, the paleopoles de-
termined from magnetizations assuming large, uni-
formly magnetized source bodies could be erroneous.

 Deriving alternative models of isolated anoma-
lies: Our approach in demonstrating the ambiguity
from alternative models of isolated anomalies is as
follows. First, we create a forward model of the ap-
proximate source simulating the observed Z-
component field from the steepest gradients of the
Analytic Signal field (similar to [5]). Then, we use
different classes of alternate source geometries (e.g.,
segmented linear sources of smaller width, small dis-
persed sources, etc.) and magnetizations that would
lead to the observed Z-component anomaly. Finally,
we compute paleopoles from the derived magnetiza-
tion vectors to show that they can be severely dis-
persed for the segmented models. (The segmented
models represent one of the geologic realities and
therefore one of many different sets of resulting paleo-
poles).

In order to demonstrate that the current models
used for determining magnetization directions of some
of the isolated magnetic anomalies may be inadequate
in obtaining realistic paleopoles, we modeled using the
above procedure the anomaly designated as M10 [1]
with a nearly vertical magnetization direction (similar
to [1]) (Figure 1a). Declination cannot be determined
well for nearly vertically-polarized anomalies; this
limitation implies that the direction of the paleopole
with respect to the source cannot be determined if one
does not use a sufficient number of anomalies resulting
from sources having non-vertical magnetization direc-
tions. Unfortunately, on Mars, there appear to be only
few such isolated anomalies that meet this condition,
implying that the severe scatter of the derived paleo-
poles is only to be expected.

 
Figure 1. (a) Observed Z-component magnetic anom-
aly of the source designated as M10 [1]. Contour lines
represent the Analytic Signal (nT/km). Dashed lines
show location of profiles in Figure 2 (L - Long profile
and C - Cross profile); Parts (b), (c), and (d) show the
anomalies produced, respectively, by an elliptical
source (Magnetization inclination (MI) = -85º, and
declination (MD) = 212º, Strength = 25 A/m, Thick-
ness = 20 km); a long-thin continuous source (MI =
-85º, and MD = 212º, Strength = 100 A/m, Thickness =
40 km, Width = 6 km); a set of long-thin segmented
sources (segments 1 to 6 from south to north) (Mag-
netization strength = 300 A/m, Width = 12 km). All the
segments have different magnetization directions as
listed in Table 1. All these models fit the profiles of
observed and modeled field equally well within the
error envelope of the data. Models 1b and 1c are
shown primarily to illustrate source geometry ambigu-
ity and Model 1d is shown to illustrate that many mag-
netization directions of segmented sources could lead
to a similar observed anomaly field.

Even though we were able to model the continuous
thin-long source (Figure 1c) using the same magneti-
zation direction as the elliptical source and so this par-
ticular example only demonstrates ambiguity in body
geometry, we have other examples that demonstrate
the magnetization direction related ambiguity. Moreo-
ver, Arkani-Hamed and Boutin [7] have also recently
recognized that difference in derived magnetization
directions as large as 15º can occur due to even small
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Figure 2. The observed (continuous line) and modeled
(dashed line) (from Figure 1d) anomalies along the
Long (L) and Cross (C) profiles shown in Figure 1a.
The misfit is due to the inexact position of the source,
presence of neighbouring sources and data noise.

Table 1.  Directions of modeled magnetization vectors
and the respective paleopole locations for different-
segments in the model illustrated in Figure 1d.

changes in source geometry such as elliptical vs circu-
lar prisms [1, 3, 7]. Such differences could easily ex-
plain some of the scatter in the derived paleopoles.

In order to show that the coalescence effect could
cause further problems, we used segmented narrow
linear sources (Figure 1d) having different magnetiza-
tion directions (Table 1) as one of the end-member
source geometries to model the same anomaly. These
magnetizations would result in four significantly dif-
ferent paleopole locations (Table 1). The ease with
which we were able to generate this model suggests
that it would be possible to come up with a large num-
ber of such models with different magnetization direc-
tions for some of the segments, which would in turn
result in different sets of paleopoles. At the conference,
we will present results showing the ambiguity with
different sets of small dispersed  sources and also ad-
ditional isolated dipolar anomalies previously modeled
by other researchers.

Not important for the premise of this paper but, it is
worth mentioning that we found the Analytic Signal

field of the continuous and segmented thin dikes sig-
nificantly different than the observed Analytic Signal
field and so the Analytic Signal field appears to have
some discriminatory power in rejecting a few of the
extreme source models.

Special assumptions for justifying presently de-
rived paleopoles:  Magnetic anomalies similar in spa-
tial dimensions as MGS anomalies are present on the
Earth at elevations of 400 km (from observations) and
150 km (through joint inversion and modeling of sur-
face and satellite altitude observation) (examples un-
published, but presented [5]). Examination of near sur-
face and coalesced anomalies clearly demonstrate that
anomalies of many different geologic domains formed
at different times and having different magnetization
directions on Earth merge at satellite altitudes into sin-
gle features. If modeled as a single uniform magneti-
zation, this coalescence will lead to misleading mag-
netization directions. Thus, one would have to make
further assumptions on Mars that no significant lateral
lithospheric movement must have taken place, not only
after the acquisition of magnetization [1, 7], but also
during the acquisition of magnetization. These condi-
tions are required so that all alternative source configu-
rations will acquire nearly the same or reversed mag-
netization direction.

Conclusion:  Our study demonstrates that mag-
netic anomalies observed by MGS at and above the
aerobraking altitude can be modeled with an aggregate
of small sources with varying magnetization directions.
This result is a facet of well-known ambiguity or non-
uniqueness in potential fields interpretation. The ambi-
guity is further exacerbated by the coalescence of spa-
tially small anomalies at the source level into spatially
larger anomalies at high altitudes, many times merge-
ing neighboring diverse tectonic elements into single
isolated appearing anomalies [5]. Therefore, the best
light under which the existing paleopole determina-
tions from the MGS data could be viewed is that the
ambiguity related to the anomaly coalescence and the
assumption of  uniform magnetization of the sources
may have resulted in errors reflected only as the large
observed scatter of the derived paleopoles (>50º or
more than a quarter of the planet).
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Derived Magnetization
Vector

Respective
Paleopole
LocationsSegment

Inclina-
tion

Declination Lat. Long
.

1 -70º 130º 23º 313º
2 30º 270º 0º 269º
3 -70º 130º 24º 314º
4 -85º 212º 11º 349º
5 -45º 130º 37º 285º
6 -85º 212º 13º 349º

Avg. -54º 181º 58º 344º
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