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Introduction:  In the past two decades, the study of 

the Martian lithospheric magnetic field was based on 

data acquired by the Mars Global Surveyor (MGS) 

Mission, and a number of paleopole investigations 

have been performed either using the MGS-MAG track 

data itself [1] or using local or global models of the 

magnetic field [2,3,5]. While using track data has the 

advantage of making use of the full local resolution, the 

use of field models allows for a better treatment of 

measurement errors and noise in the data. Furthermore, 

measurements can be evaluated at constant altitude. 

Since 2014, the Mars Atmosphere and Volatile 

Evolution (MAVEN) mission is in orbit around Mars, 

and new vector magnetic field measurements are ac-

quired by the MAVEN-MAG instrument [6]. Due to 

the high ellipticity and low periapsis of the MAVEN 

orbit, new low altitude data is currently becoming 

available. MAVEN-MAG data show a more uniform 

spatial coverage below an altitude of ~400 km [7] 

when compared to MGS data 

The new data agrees well with previously published 

spherical harmonics (SH) models of the Martian litho-

spheric magnetization [5,7]. Discrepancies appear 

mostly in amplitude, and it seems likely that unmod-

eled signals of lithospheric origin increase the residuals 

between the SH-model and MAVEN-MAG data at low 

altitude [7]. This indicates that MAVEN data could be 

useful for studying small-scale anomalies which have 

not been captured by previous studies [7] or could re-

veal more detailes of already observed anomalies.  

 

Method: We have applied Parker’s method [4] to 

determine paleopole locations associated with isolated 

crustal magnetic field anomalies and compared the 

results obtained using MGS and MAVEN data, respec-

tively. Parker’s method is based on the assumption of 

uniform magnetization in the study area, and a number 

of N equally spaced dipoles with magnetization 

strengths Mi and uniform orientation are distributed in 

the investigation region. The magnetic orientation is set 

a priori, and the predicted magnetic field is calculated. 

The magnetization strengths Mi are then determined by 

fitting the data in a least square sense, and the calcual-

tion is repeated for all possible magnetic orientations. 

In this way, a measure of misfit is obtained as a func-

tion of paleopole location [3,4]. 

 

 
Figure 1 Comparison of the magnetic field down com-

ponent Bz derived from a SH-model of MGS data [5] 

(red) and the MAVEN-MAG data (black) at the South 

Crater magnetic anomaly as a function of latitude. 

Track altitudes vary between 107 and 180 km. 
 

As no global model of the Martian lithospheric 

magnetization including MAVEN data is currently 

available, we will use MAVEN magnetic field track 
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data in the following. Along track data was selected to 

be below an altitude of 180 km and only night-time 

data was chosen. No filtering or additional data pro-

cessing took place. In order to be able to directly com-

pare the results obtained using MAVEN data to those 

obtained using MGS data, a SH-model of MGS data 

[5] was evaluated at the locations of the MAVEN 

tracks and the above calculations were repeated.  

It is worth noting that the use of along track data 

complicates the definition of a confidence interval for 

the obtained paleopole locations, and previously estab-

lished methods cannot be applied [3,8]. Therefore, we 

will here choose a confidence limit corresponding to 

three times the minimum misfit as a threshold for ad-

missible paleopole locations. 

 

Results: Figure 1 shows a comparison of the Bz 

magnetic field component between the MAVEN-MAG 

(black) night time track data and a SH-model (red) of 

MGS data as a function of latitude. The chosen tracks 

cross the South Crater crustal magnetic field anomaly 

located southeast of the Hellas basin, and track alti-

tudes vary between 107 and 180 km. The MGS SH-

model and MAVEN along track data agree very well, 

and differences at high amplitudes are of the order of 

10%, but increase for low amplitude data.  

Figure 2 shows the results of paleopole inversions 

using the tracks shown in Figure 1. The top panel 

shows the resulting area of admissible paleopole loca-

tions obtained for the MGS SH-model and the bottom 

panel shows the resulting area of admissible paleopole 

locations from the MAVEN-MAG data. The contour 

lines show only minor variations. Small differences 

concern the minimum misfit as well as the locations of 

the best fitting paleopoles. 

 

Conclusions:  For the anomalies studied so far, dif-

ferences between MGS and MAVEN data are relative-

ly small in the center regions of the studied anomalies, 

but increase in the low field regions towards the edges 

of the anomaly. However, the confidence limits for 

admissible paleopole locations associated with the 

studied anomalies are comparable for both datasets. 

While this confirms the robustness of the applied 

method, it also implies that currently little additional 

information can be extracted from the MAVEN data as 

compared to MGS.  

This situation could improve if new isolated 

anomalies could be detected in the MAVEN data or if 

neighboring and previously unresolved anomalies 

could be separated. Such a systematic search would 

best be performed using a global model of MAVEN 

magnetic field data, as data could then be investigated 

at constant altitude. 

To separate admissible and non-admissible magnet-

ization orientations and thus determine admissible 

paleopole locations, a confidence limit for the allowa-

ble misfit needs to be defined. This is usually done by 

estimating the amount of non-modeled background 

field in the study area [3,8], but this method relies on 

knowledge of the background field at close to constant 

altitude. This could be achieved by field continuation, 

but would again require, e.g., a SH-model of the 

MAVEN data, which is currently not available. 

    
 

Figure 2 Contour line plot of the misfit as a function of 

paleopole location for the South Crater magnetic 

anomaly. Anomaly location, (blue) as well as best fit-

ting magnetic North (green) and South (red) Pole are 

indicated. Top: Inversion results using MGS data. Bot-

tom: Results using MAVEN data.   
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