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Introduction:  We observe an apparent correlation 

of magnetic and gravity anomalies in several regions 
along the global dichotomy boundary on Mars. The 
anomalies show similar spatial scales and the ratio of 
the amplitudes is constant. This suggests that the crea-
tion and/or modification of the magnetized crust may 
have also created density anomalies. We model the 
sources for the magnetic and gravity anomalies as cor-
related and anti-correlated. Positive correlation likely 
indicates concomitant formation of magnetic and grav-
ity anomalies, and negative correlation may indicate a 
later process that removed the magnetization while 
creating density variation. We invert magnetic and 
gravity field data for various regions in order to better 
understand the origin and evolution of the dichotomy 
boundary and the structure of the crustal remanent 
magnetization. 

Background:  Smrekar et al. [1] investigated the 
Ismenius region along the eastern dichotomy boundary 
(30º-60º N, 50º-90º E) and found correlations of the 
magnetic and gravity anomalies. Milbury et al. [2] ana-
lyzed the lithospheric structure of the Amenthes (15º 
N-15º S, 105º-135º E) and Aeolis (5º N-25º S, 145º-
180º E) regions along the dichotomy boundary, and 
noted similar correlations. This study analyzes these 
regions as well as the region surrounding Newton Cra-
ter (15º-40º S, 185º-210º E) investigated by Quesnel et 
al. [3]. Magnetic and gravity data are inverted for each 
region, and the forward modeled magnetic and gravity 
fields of the inversion outputs are calculated. The cor-
relations of the input and output magnetic and gravity 
fields are determined. 

Methodology:  The inputs of the inversion are the 
gravity and magnetic field data, the depth and thick-
ness of each prism, and the inclination and declination 
of each prism determined by a fixed paleopole posi-
tion. The outputs are the density and magnetization of 
each prism. The input magnetic field data are the 3 
components of the observations from the magnetome-
ter onboard the Mars Global Surveyor (MGS) space-
craft, and the gravity fields are an update of Yuan et al. 
[4], described in more detail by Milbury et al. [2]. 

Each region investigated in this study is subject to 
the same procedure outlined as follows. The study area 
is entirely covered by a series of rectangular prisms of 
uniform depth and thickness. In addition, there is a 
buffer of ~10º on each side to reduce the effects intro-

duced at the edges. The horizontal dimensions of the 
prisms are either 3º or 4º. 

To determine the vertical extent of the prisms, the 
data are inverted for a series of depth and thickness 
values that range from 2-40 km and 5-40 km, respec-
tively. The depth and thickness values that result in the 
maximum of the absolute value of the correlation of 
the density and magnetization are chosen. After the 
depth and thickness of the prisms have been deter-
mined, the data are inverted over an array of paleopole 
positions in order to find the paleopole position that 
maximizes the number of prisms with correlated and 
anti-correlated sources. The latitude is incremented in 
steps of 5º, and the longitude in steps of 10º. 

Results:  All four regions studied give results that 
favor a relatively deeper source layer. This is consis-
tent with results from other studies of Mars magnetiza-
tion [3]. Figure 1 below is the case for the Newton 
crater area for 4ºx4º prisms. 

 
Figure 1.  Correlation for various depth and thickness 
values. 
 
The highest correlations are found for relatively deeper 
sources, and the lowest values for relatively shallower 
sources. This is the case for each of the study regions. 

Contour plots of the percent area with correlation 
greater than 0.7 for correlated (positive) and anti-
correlated (negative) prisms are made over the span of 
paleopole latitude and longitude space. Figure 2 below 
is a contour plot of the Aeolis region for 3ºx3º prisms. 
This figure shows a stronger correlation for anti-
correlated sources for the magnetic and gravity anoma-
lies for the Aeolis region. Figure 2 also shows that the 
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Aeolis region gives a best fit paleopole position with high latitude values. 
 

 
Figure 2.  The percentage of the area of the study region that gives an absolute value of the correlation (top) or anti-
correlation (bottom) > 0.7 over paleopole latitude and longitude space. 
 

Similar plots have been made for Amenthes, Is-
menius and Newton Crater. The results of which are 
summarized in Figure 3 below. 

 
Figure 3.  Best fit paleopole position using 3ºx3º 
prisms for the 4 study regions. Blue squares are for 
correlated prisms, green triangles are for anti-
correlated sources, the red circle is the paleopole posi-
tion of [5], the red square is the paleopole position of 
[6], and the red circle surrounding [5] and [6] is the 
associated error ellipse. 
 

The four paleopole positions clustered around the 
pole are the correlated and anti-correlated cases for 
Aeolis and Amenthes. The Newton and Ismenius re-
gions give positions that are less clustered. For the 
Newton region, Quesnel et al. [3] find paleopole posi-
tions of (25.71º N, 309.61º E), (45.91º N, 299.21º E) 
and (44.31º N, 221.11º E) for three dominant magnetic 
anomalies in the region. The latitudes are similar to the  

 
positions we find for 3ºx3º correlated (40º N, 250º E) 
and anti-correlated (35º N, 130º E) gravity and mag-
netic sources. Our pole longitudes are within the range 
found for Quesnel’s [3] sources. 

Conclusions: The similarity in the wavelength and 
amplitude of the gravity and magnetic field anomalies 
and the constant ratio of the amplitudes of the anoma-
lies along the dichotomy boundary imply that local 
scale processes have affected both the density and 
magnetization structure in our study regions. Although 
the Aeolis and Amenthes regions give similar paleo-
pole positions for positive and negative correlations, 
the percentage of area of the study regions that are 
anti-correlated is higher than for the correlated sources. 
Anti-correlated sources may indicate that the litho-
sphere was modified by a process that created a density 
contrast, but erased the crust’s magnetism by heating 
after the dynamo ceased. Such processes that could 
anti-correlate the magnetic and gravity sources include 
hydrothermal magnetization, and igneous intrusions 
after the cessation of the dynamo. The spread of the 
paleopole position in the Newton and Ismenius regions 
is puzzling and requires explanation. Future work will 
look at the exact locations of the correlated and anti-
correlated gravity and magnetic sources. 
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