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Introduction:  Though Mars currently lacks a 

global magnetic field, evidence of a past dynamo-driven 
magnetic field is present in the form of crustal magnetic 
anomalies [1]. These anomalies contain information 
about the ancient dynamo, including its timing, strength, 
and orientation. This study focuses on determining the 
orientation of the ancient dynamo field through the 
analysis of the magnetization directions of crustal 
magnetic anomalies. If we assume the dynamo field was 
dipolar, we can calculate the magnetic paleopole 
location (the dipolar axis) from the magnetization 
direction and anomaly location. Typically, the magnetic 
dipole axis is thought to align with the spin axis of a 
planet (such as for the Earth), making magnetic 
paleopoles useful for determining whether the spin axis 
of a planet has evolved over time (e.g., true polar 
wander). 

Magnetic paleopoles can also reveal whether 
magnetic reversals occurred. For example, a single 
cluster of paleopoles would indicate that the magnetic 
field was stable over time. Multiple clusters of 
paleopoles could be an indication of magnetic reversals, 
true polar wander, a non-axisymmetric dipolar field 
axis, or a multipolar field. Here we build upon previous 
work by many authors [e.g., 2-9] by using an updated 
spherical harmonic model of the martian crustal 
magnetic field [10] and a new, more robust method of 
estimating the uncertainty associated with recovered 
magnetization directions [11]. Our goal is to determine 
the magnetic field orientation to determine if crustal 

magnetic anomalies hold evidence of past true polar 
wander or magnetic reversals.  

Methods:  We use a method developed by [12] 
(hereafter referred to as Parker’s method) to determine 
the best-fit magnetization direction. The main strength 
of Parker’s method is that it reduces the complexity of a 
magnetic source with unknown volume and depth to a 
simple arrangement of dipoles at the surface so long as 
the anomaly is unidirectionally magnetized (e.g., the 
source only has one magnetization direction). To model 
the anomaly, a grid of dipoles at the surface is given a 
constant magnetization direction while the magnetic 
moment of each dipole is allowed to vary (with the best-
fit value determined by a linear least squares regression 
algorithm [13]). This algorithm is repeated across all 
possible magnetization directions (e.g., a sphere) and 
the direction with the lowest root mean square (RMS) 
of the difference between the data and the model is taken 
to be the best-fit direction. In these calculations, we use 
one component of the field (e.g., east, north, or radial) 
in each analysis and we choose this component based on 
which component has the highest signal to noise ratio 
(SNR – herein defined as the ratio of the absolute 
maximum value of the field to the RMS of the field 
surrounding the target anomaly). 

To estimate the uncertainty associated with the best-
fit direction, we make use of the procedure from [11]. 
The mean of the background field is considered “noise”: 
e.g., non-crustal magnetic fields or crustal non-
unidirectional sources. We create random synthetic 
fields on the order of this noise (e.g., of the same SNR) 
and add it to the best-fit model of an anomaly in order 
to simulate the effects of noise on the anomaly. These 
noise-added models are perturbations of the best-fit 
solution. This is repeated 20 times and Parker’s Method 
inversions are performed for each case, providing a 
range of best-fit directions. The standard deviation of 
these directions is calculated using Fisher statistics and 
is taken to be the uncertainty. This Monte Carlo 
approach effectively determines the sensitivity of the 
best-fit result to the levels of noise seen in the data. 

Results:  We analyze nine separate crustal magnetic 
anomalies (Figure1) and determine their paleopole 
locations and corresponding uncertainties. The 
summary of paleopole locations can be found in Figure 
2. We find several equatorial paleopoles with relatively 
low uncertainties. Many of these paleopoles form a 
cluster around the 335° meridian, if we allow for 
magnetic reversals. 

 
Figure 1. Locations of crustal magnetic anomalies 
(colored stars) over Mars Orbiter Laser Altimeter 
(MOLA) data [21] in pink-scale shown in a Mollweide 
projection centered on 0°N, 0°E. Colored labels 
correspond with colored stars. CR refers to the magnetic 
anomaly associated with Claritas Rupes, AM refers to 
the anomaly just south of Amazonis Mensa, and SF 
refers to the anomaly just west of Sirenum Fossae. 

A1 A2 A3 P1 M3 M5 CR AM SF 

2337.pdf53rd Lunar and Planetary Science Conference (2022)



Eight of the anomalies have been previously 
analyzed by other authors. Anomalies A1, A2, A3, P1 
were analyzed by [9], Sirenum Fossae was analyzed by 
[5, 7-8], Claritas Rupes was analyzed by [4-5], and 
Amazonis Mensa was analyzed by [2-3]. Our results for 
Sirenum Fossae and Amazonis Mensa agree (within 
uncertainty) with [7-8] and [2], respectively. However, 
our results for A1, A2, A3, and P1 differ from [8]. This 
is expanded upon in the Discussion section.  

Discussion:  Several paleopoles cluster around the 
335° meridian (assuming magnetic reversals occurred), 
which curiously coincides with the meridian proposed 
by [14] to be an axis of true polar wander after Tharsis 
formation. Whether this is a coincidence requires 
further examination as it requires the anomalies to have 
formed after Tharsis, but this timing is problematic 
because the dynamo is thought to have shut off by this 
point [15], meaning there was no global field present to 
magnetize these anomalies. It is also worth noting that 
this potential path of true polar wander has been brought 
into question by [16]. 

One paleopole (Sirenum Fossae) falls within the 
paleo-spin axis estimates of [16-17]. If we assume the 
magnetic dipolar axis was aligned with the spin axis at 
the time the anomaly was magnetized, this suggests the 
anomaly was magnetized prior to the formation of 
Tharsis and is evidence of true polar wander. Further 
geologic study is needed to confirm this suggestion.  

The results for A1, A2, A3, and P1 from our analysis 
at 150 km altitude do not match the results from [9], 

though we note we do find paleopoles that agree with 
their results when we analyze the data at 120 km altitude 
(as they did, using the spherical harmonic model from 
[18]). Possible explanations for this discrepancy include 
multiple magnetization directions within the same 
anomaly (breaking the unidirectional assumption), 
interference from unmodeled magnetic anomalies (also 
breaking the unidirectional assumption), or that there is 
a significant effect of downward continued noise in one 
or both data models. Synthetic testing is required to 
determine which, if any, effect is at play. 

We will also perform our analyses on data tracks 
from magnetometers on MGS [19] and MAVEN [20], 
which were used to make the data models produced by 
[10, 18]. While this may result in sparser data than the 
expanded spherical harmonic models provide, these 
data may provide a better representation of strong local 
magnetic fields than [10, 18]. Additionally, analyzing 
the data tracks at their original altitude will ensure there 
is no downward continuation of noise, making the 
results from such an analysis more reliable. 
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Figure 2. Paleopole locations (colored stars) and 
uncertainties (thick ellipses) for each anomaly over 
Mars Orbiter Laser Altimeter (MOLA) data [21] in 
pink-scale shown in a Mollweide projection centered 
on 0°N, 0°E. Note that here A1, A3, CR, AM, M5, and 
SF indicate the north paleopole while A2, P1, and M3 
indicate the south paleopole. Paleo-spin axes: The 
yellow X’s indicate the paleo-spin axis locations from 
[14]. The thick dashed ellipse shows the paleo-spin 
axis location from [16-17]. The thin dashed line shows 
the 335° meridian around which some of our paleopole 
results cluster. 
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