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Introduction:  Numerous hypotheses have been 
suggested for the origin of the bright polar caps on 
Ganymede first revealed by images acquired by 
Voyager 2 [1].  Initially, it was suggested that the caps 
were formed via thermal migration of water ice with 
sublimation occurring in the equatorial regions and 
deposition in the cap regions.  Subsequent studies 
showed that the water ice would not be transported 
poleward of ~50º latitude due to the low temperature of 
the Ganymede surface [2, 3].   

Sieveka and Johnson [4] attributed the existence of 
the polar caps to a combination of frost production by 
ion-induced sputtering and frost destruction by thermal 
sublimation where sputtering dominates in the polar cap 
regions and sublimation dominates in the equatorial 
regions.  Johnson [5] later proposed that rather than 
direct frost formation by the sputtered molecules, the 
brightened surface was caused by the increase in 
defects and growth of dendritic crystals in the 
bombarded surficial ice layer.   

The discovery of Ganymede’s internal magnetic 
field by the Galileo mission [6-8] further suggested that 
the bright polar caps form from the flow of Jovian 
plasma onto Ganymede’s surface because Ganymede’s 
magnetosphere strongly inhibits plasma bombardment 
on the surface in the equatorial regions.  Based on this 
discovery, Johnson [9] further argued for a sputtering 
and surficial-defects hypothesis and suggested that in 
the absence of continued plasma bombardment, 
annealing effects would easily darken the surface in the 
equatorial regions.    

Methods:  This work combines data from the 
Galileo Solid State Imager (SSI) and magnetic field and 
particle data from Galileo to show that Ganymede’s 
polar caps were formed via charged particle 
bombardment redistributing water frost into optically 
thick (bright) patches of ice-rich material.  Results from 
modeling the magnetic environment of Ganymede by 
[6-8] show a boundary on Ganymede’s surface between 
regions on the surface where field lines intersecting the 
surface connect with Jupiter’s field lines (partially open 
field lines) and provide a conduit for Jovian plasma to 
bombard the surface and the field lines create a closed 
loop by curling back around to re-intersect the surface, 
effectively shielding those regions from Jovian plasma 
bombardment.  If the polar caps have their origin in the 
bombardment of Jovian plasma on the surface, then this 
boundary should correspond to the edge of the polar 
caps. Our recent modeling [10] improves on early 
results by including the effects of Ganymede’s induced 
magnetic field component [11].   

In order to map the surface location of the polar 
caps, we use a ratio of the Violet/Green filters from the 
SSI since the polar caps are significantly more 
scattering in the violet band than the green band.  
Below we display polar projection maps since they 
provide a convenient view of the polar caps in both 
hemispheres. 

The comparison between the field line boundary 
and edge of the polar caps is not straightforward, 
however, owing to the complexity of Ganymede’s 
magnetic environment.  This complexity is brought 
about primarily by the constant changes in the location 
of the field line boundary as Ganymede changes 
position within the Jovian magnetosphere throughout 
Ganymede’s orbit.  To account for this, we include the 
field line boundaries relative to the Jovian 
magnetosphere for three positions of Ganymede in its 
orbit: (1) when Ganymede is above Jupiter’s current 
sheet, (2) when Ganymede is within the current sheet, 
and (3) when Ganymede is below the current sheet.   

In addition, the field line boundary model itself 
does not include the potentially important effect of a 
shift induced in the boundary location by Ganymede’s 
complex current sheet/magnetopause field.  On Earth, 
the current sheet/magnetopause shifts the center of the 
field line boundaries by 5º toward midnight based on 
location of Earth’s ionospheric “polar caps.”  To adjust 
for this potentially important effect, we also apply a 
shift of 5º toward the leading point of Ganymede, i.e. in 
the direction of the plasma flow around the moon. 

Results and Discussion:  Figs. 1 and 2 show polar 
projection maps of the SSI V/G ratio images with the 
field line boundaries superimposed.  The partially open 
field lines are present poleward of the field line 
boundary while the closed field lines are present 
equatorward of the boundaries.  In both hemispheres, 
all three boundaries correspond reasonably well to the 
edge of the polar caps.  Notably, applying the 5º (Figs. 
1b and 2b) shift appears to center the boundaries 
relatively well on the observed polar caps.   

While the field line boundary and edge of the caps 
matches reasonably well, there are some areas where 
they are not well correlated.  There are a number of 
possible sources for these differences including the 
neglecting of higher order terms in the field modeling, 
the assumption that the charged particles are tightly 
bound to the field lines, other assumptions concerning 
the flux of the charged particles throughout 
Ganymede’s orbit, albedo effects and local cold-
trapping on Ganymede’s surface, and issues 
surrounding the imaging of Ganymede’s surface and 
defining the edge of the polar caps. 
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Figure 1a: The Galileo V/G ratio of Ganymede’s 
Northern hemisphere.  The latitude range is from 0 at 
the map edge to 90 N at the center.  Superimposed are 
the field line boundaries for three different orbital 
configurations: green, when Ganymede is above 
Jupiter’s current sheet; red, when Ganymede is located 
in the middle of the plasma sheet; and blue, when 
Ganymede is located below the plasma sheet. 
 

 
Figure 1b: As in Fig 1a, but with the centers of the 
field line boundaries shifted by 5º toward the leading 
point of Ganymede.  The shift has the effect of 
centering the field line boundaries on the polar cap, 
indicating that the effect from the current 
sheet/magnetopause has a significant effect on the 
location of the true boundaries.   
 

 
Figure 2a:  As in Fig. 1a, but for Ganymede’s Southern 
hemisphere.   
 
 
 
 
 
 
 

Figure 2b: As in Fig. 1b, but for Ganymede’s Southern 
hemisphere.  
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