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Introduction:  There is a general lack of correla-

tion of gravity and magnetic anomalies on Mars. How-
ever, an apparent correlation is observed along Mars’ 
eastern dichotomy boundary. The spatial distribution 
and the amplitudes of the magnetic and gravity anoma-
lies are appear to be correlated. This section of the 
dichotomy boundary is relatively well-preserved and 
may provide insight into the formation and evolution 
of the dichotomy boundary. 

In this paper three regions along the eastern bound-
ary are selected for study. The radial magnetic ano-
amly field and isostatic gravity field of each region are 
shon in Figure 1. The vector magnetic field and gravity 
data are inverted to obtain the density and meagnetiza-
tion distribution, and the forward modeled magnetic 
and gravity fields of the inversion outputs are calcu-
lated. The spatial distribution and amplitudes of the 
sources are determined by the solution with the best 
correlation of the observed and predicted magnetic and 
gravity fields are determined. As well, the paleopole 
position that results in the highest absolute value of the 
correlation between the density and magnetization is 
determined. Positive correlation of the density and 
magnetization likely indicates concomitant formation 
of magnetic and gravity anomalies, and negative corre-
lation may indicate a secondary process that removed 
the magnetization while creating density variation. An 
example of a positive correlation may be a dense intru-
sion that was magnetized in the precence of an ambient 
core magnetic field, while a negative correlation may 
indicate a thermal process, such as hydrotheralmal 
alteration, altered the earlier magnetic signature. 

Study Regions 
Ismenius Smrekar et al. [1] did a detailed analysis 

of the Ismenius region (30º-60º N, 50º-90º E). Struc-
tural and stratigraphic analysis indicate that the topog-
raphic bench paralleling the dichotomy boundary is 
down-dropped highlands crust. Correlations of the 
magnetic and gravity anomalies are observed (Figure 
1). Admittance analysis of Ismenius indicated top 
loading signature, and crustal and elastic thicknesses 
of 10-30 km and 0-15 km, respectively. 2-D forward 
modeling of the gravity and magnetic fields show that 
both positively and negatively correlated gravity and 
magnetic sources could reproduce the observed 
anomalies. They conclude that processes that could 
produce the observed anomalies are hydrothermal al-

teration, crustal thinning, compositional variations, and 
intrusions. 

 
Figure 1: The isostatic anomaly (in mgal) superim-
posed on the radial component of the magnetic field 
(nT) from Langlais et al. [3] at an altitude of 160 km in 
color for: Ismenius (top), Amenthes (middle), and Ae-
olis (bottom). Positive isostatic anomalies in white, 
negative in black. Dichotomy is the thick black line.  
 

Amenthes and Aeolis Milbury et al. [2] analyzed 
the lithospheric structure of the Amenthes (15º N-15º 
S, 105º-135º E) and Aeolis (5º N-25º S, 145º-180º E) 
regions. Admittance modeling of the Amenthes region 
indicated a bottom loading signature, which may be 
due to the Isidis impact basin or a broad valley south-
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east of Isidis. Crustal and elastic thickness estimates 
are 15-35 km and 15-40 km, respectively. A top-
loading signature was indicated in the Aeolis region, 
which may be due to surface volcanic deposits of 
Apollinaris Patera and other volcanic structures that 
have been studied by Stewart and Head [4]. Crustal 
and elastic thickness estimates are 10-20 km and 10-15 
km, respectively Similar correlations of the gravity and 
magnetic anomalies were found in both Amenthes and 
Aeolis (Figure 1). Igneous intrusions, crustal thin-
ning/thickening and hydrothermal alteration are pro-
posed as possible processes that could form the 
sources for the gravity and magnetic anomalies. 

Methods: Each study area is covered entirely by a 
series of rectangular prisms of uniform depth and 
thickness, essentially creating a “blanket” of prisms. In 
addition, there is a buffer of ~10º per side to avoid the 
effects introduced at the edges. In the horizontal di-
mension, the prisms are square with a length of 3º or 4º 
per side. 

Each prism is assigned a value for the depth, thick-
ness, and paleopole position. The inclination and dec-
lination are calculated for each prism from the paleo-
pole position. The input magnetic field data are the 3-d 
vector observations from the magnetometer onboard 
the Mars Global Surveyor spacecraft. Free-air gravity 
data used are derived from the spherical harmonic 
gravity model MGS95I (an update of Yuan et al. [5], 
carried out to degree and order 95) computed to degree 
and order 50, and the MOLA topography, respectively. 
The density and magnetization for each prism are de-
termined in the inversion, and the forward model of 
the gravity and magnetic fields are calculated using 
these values as well as the input parameters. 
 

Figure 2: Diagram illustrating the 
calculation of the correlation 
coefficients. The diagram shows how 
the correlation coefficient is 
calculated for a set of 4 prisms, then 
shifted to calculate the next 
coefficient for another set of 4 prisms 
 
 
 

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 
maximize the correlation of the observed and predicted 
magnetic and gravity fields are selected. 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. 

A correlation coefficient is assigned to each set of 
four prisms within the study area using a moving four-
prism window as illistrated in Figure 2 If there are x 
prisms in longitude and y prisms in latitude, then there 
are (x-1)*(y-1) correlation coefficients for a given re-
gion. This is illustrated by Figure 2. 

 

 

 

 

 

Seventh International Conference on Mars 3357.pdf



 
Figure 3: Contours of percentage of area for correla-
tions > 0.7, showing best-fit paleopole versus latitude 
and longitude for magnetization amplitude threshold 
values above 0, 0.75, 1.25, 1.5, 2.0 and 3.5 A/m (top to 
bottom) for Amenthes. 

 
Correlation coefficients between density and mag-

netization of each prism are calculated for all study 
regions for each paleopole position. In order to deter-
mine a best-fit paleopole postion the percentage of the 
study area for a given paleopole that contains signifi-
cant correlations between density and magnetization (> 
0.7) are calculated and plotted. To ensure that the 
noise is not driving the solution, and to test the robust-
ness of the paleopole position, an amplitude filter was 
used on the amplitude of the magnetization term in the 
correlation. If the sum of the absolute values of the 
four magnetization amplitudes is less than a specified 
threshold, the correlation is assigned a value of zero. 

Results:  The depth and thickness values that give 
the highest correlation of the gravity and magnetic 
fields in each study area are relatively deep and thick, 
with favored values of 40 km deep and 40 km thick. 
The lowest correlations are found for relatively shal-
low and thin layers. 
 
Table 1: Best-fit paleopole postions for each region. 

 
Analysis has been done for each of the study re-

gions described here, but results will be shown in de-
tail for Amenthes and summarized for all areas due to 
space constraints. Figure 3 is a contour plot of paleo-
pole positions with significant correlations as a func-
tion of paleopole latitude and longitude. The percent 
area is defined as the total number of prisms with sig-
nificant correlation and magnetization amplitudes 

above the threshold magnetization amplitude over the 
total number of prisms with magnetization amplitudes 
above the threshold for a given paleopole position. 
Table 1 gives the best-fit paleopole positions for each 
study region. 

Figure 4 shows the spatial correlations that corre-
spond to the best-fit paleopole positions (Figure 3 and 
Table 1) and magnetization amplitude thresholds. 

 

 
Figure 4: Plot of spatial correlation coefficient values 
for Amenthes for the variouos thresholds: 0 (top, left), 
0.75 (top, right), 1.25 (middle, left), 1.5 (middle, 
right), 2.0 (bottom, left), and 3.5 A/m (bottom, right). 
 

Figure 5 is a polar plot of best-fit paleopole posi-
tion for each of the regions (Table 1 and Figure 3), and 
some published paleopoles from previous authors [6]-
[11]. 

Discussion and Conclusions:  In each of the study 
regions an apparent correlation of the magnetic and 
gravity anomalies is observed (Figure 1). Furthermore, 
the ratio of the amplitudes of the anomalies increases 
eastward along the dichotomy boundary. The ampli-
tude and spatial scale are similar, which may suggst a 
single source for both anomalies fields. 

Figure 4 shows that correlation pattern is essen-
tially unchanged for a threshold of up to 0.75 A/m. 
Threshold values greater than 3.0 A/m may be too 
large, since many of the prisms have been excluded. 
For intermediate threshold values between 1.25 and 

threshold (A/m) Ismenius Amenthes Aeolis
0.00 0/210 80/60 75/90
0.50 0/210 80/60 20/250
0.75 10/250 80/60 15/250
1.00 0/250 80/40 15/250
1.25 55/350 40/240 5/260
1.50 30/320 40/240 15/250
2.00 25/70 40/240 10/260
2.50 15/130 40/240 75/90
3.00 0/130 25/270 15/90
3.50 5/140 20/310 15/90

Best-fit paleopole position (¼lat/¼lon)
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2.5 A/m the spatial correlation plot does not change 
significantly, and the best-fit paleopole position is con-
stant. Negatively correlated prisms straddle the di-
chotoly boundary in Amenthes., which is closest to 
strongest magnetic and gravity anomalies Although 
not shown here the corresponding thresholds for Is-
menius and Aeolis are much lower. The values are 
~2.0 A/m for Ismenius, and > 3.5 A/m for Aeolis. 
 

 
Figure 5: Plot of the best-fit paleopole postions for all 
the study regions, as well as other published poles [6]-
[11]. Range is from pole to equator, with 15º intervals. 
 

Figures 5 & 7 and Table 1 show that two popula-
tions of paleopoles are favored. A low paleolatitude 
pole, which is consistent with other published paleo-
pole positions [6]-[10]. However, the results here are 
slightly east of the paleopoles from other authors [6]-
[10]. This could be evidence for polar wander. A pa-
leopole position at high latitudes is favored as well, 
which is consistent with the paleopole position given 
by Langlais and Purucker [11] when gravity and mag-
netic data Apollonaris Patera were analyzed. 

We conclude that post formation processes have al-
tered the crust at local scales. Such processes are 
crustal thinning/thickening, igneous intrusioning, and 
hydrothermal alteration. 
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