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Motivation:  Previous studies have demonstrated 

that the localized Martian crustal magnetic fields are 
strong enough to interact with the near-space environ-
ment of the planet. The crustal fields shield the atmos-
phere from the shocked solar wind in many locations, 
preventing external charged particles from entering the 
atmosphere. In other locations `cups’ of vertically ori-
ented magnetic field connect the atmosphere to the 
surrounding plasma environment, analogous to terres-
trial polar cusp regions. Which of these two modes of 
interaction operates in a given location is influenced by 
magnetic topology – whether a crustal magnetic field 
line is open or closed to its surroundings.  

A study by [1] mapped Martian magnetic topology, 
identifying regions on the night side of the planet that 
were observed to by closed 100% of the time, and 
other regions that are rarely closed. This study also 
noted geographic regions that contained closed field 
lines ~50% of the time, indicating that the configura-
tion of magnetic fields in those locations was variable. 
These regions are especially interesting because the 
direct influence of the space environment on the at-
mosphere observed in Martian magnetic field cusps 
(e.g. auroral processes, currents, perturbed ionospheric 
structure, outflowing ions) should only be present 
some of the time. 

What controls when a crustal magnetic field line is 
open or closed? Here we present an investigation of the 
drivers that control magnetic field topology at Mars. 

Methodlogy:  We use observations recorded by the 
Mars Global Surveyor Magnetometer and Electron 
Reflectometer (MGS MAG/ER) over a 7 year period 
from mid-1999 through late 2006. During this time 
MGS was in a near-circular mapping orbit at an alti-
tude of ~400 km and a fixed 2am/2pm local time. We 
focus on the topology of the night side. 

Topology is determined by examining electron 
pitch angle distributions recorded by the ER sensor. 
Pitch angle refers to the direction in which an electron 
is traveling with respect to the background magnetic 
field. Open field lines are characterized by one-sided 
loss cones – where more electrons travel toward the 
planet than away. Closed field lines are characterized 
by two-sided loss cones (electrons trapped on a field 
line), by two-sided conic distributions (trapped elec-
trons with some evidence for heating), and by plasma 
‘void’s (regions devoid of measurable electrons). 

We use 10’s of thousands of pitch angle distribu-
tions to infer the local topology as a function of longi-
tude and latitude on the night side, additionally regis-
tering each distribution according to the solar wind 
magnetic field orientation, the solar wind pressure, 
Martian season, and EUV flux. We create maps of 
topology for each of these four drivers, examining, for 
example, the influence of dawnward vs. duskward so-
lar wind magnetic field on topology (Figure 1). 

 

 
Figure 1: Geographic map of variation in magnetic 

topology on the Martian night side. Blue colors indi-
cate regions where magnetic field lines are more likely 
to be open when the external (solar wind) magnetic 
field is dawnward. 

 
Results:  We find that each of the drivers has a dif-

ferent influence on magnetic topology on the Martian 
night side. Solar wind magnetic field orientation 
causes changes in the locations of open magnetic field 
lines that are presumably controlled by the relative 
orientation of each crustal field to the overlying draped 
external magnetic field. Thus changes in topology are 
not organized by longitude or latitude, but by each 
individual crustal field. Solar wind pressure, however, 
causes uniform changes in topology over the entire 
planet. As solar wind pressure increases, closed field 
regions are pushed below the altitude of the orbiting 
spacecraft, and are less likely to be observed. Martian 
season controls topology as a function of geographic 
latitude, with a hemispheric asymmetry. Crustal fields 
are positioned closer to or farther from the Martian 
terminator as a function of season, influencing topol-
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ogy. Finally, solar EUV flux has a weak but measure-
able influence on topology, even on the night side of 
the planet. Ther are a few possible explanations for this 
influence, including transport of ionospheric plasma 
from day to night as a function of EUV activity. Such 
transport could influence current systems near crustal 
fields, in turn influencing topology. An alternate ex-
planation that we currently favor is the aliasing of 
other drivers when separating the MGS observations 
according to EUV flux. For example, solar wind pres-
sure has been shown to be higher during periods of 
high EUV flux. 

Implications:  Evaluation of the influence of dif-
ferent drivers on Martian field topology allows us to 
establish a means of predicting the conditions required 
for exchange of particles and energy between the Mar-
tian upper atmosphere and the solar wind, and simi-
larly allows us to predict the conditions necessary for 
localized shielding of atmospheric particles. We can 
also compare the results presented here for the plane-
tary night side to analogous results constructed for the 
day side of the planet. Together, these results will al-
low us to evaluate how much of the Martian atmos-
phere is ‘exposed’ to the solar wind for a given set of 
conditions. 
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