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     Inspired by the finding of Schubert et al  [1] that 
Io’s figure is consistent with a hydrostatic shape, we 
explore the consequences of modeling Loki Patera as 
the surface of a large magma sea.  This model is attrac-
tive because of its sheer simplicity and its usefulness in 
interpreting and predicting observations.  Here, we 
report on that work.   
     Characteristics of the model: The model is pos-
ited as a large, basaltic-magma sea.  Its surface follows 
a hydrostatic contour and its depth is unknown.  The 
observable surface of Loki is structurally a solidified 
lava crust which separates the magma sea and the 
vacuous Io atmosphere.  Major down-slope lava flows 
are not significant, as they are in many other places on 
Io.  Rather, the resurfacing of the sea is accomplished 
by the foundering of crustal plates and their replace-
ment by fresh, liquid lava following the scenario of 
Rathbun et al. [2].  The new surface quickly solidifies 
and thickens as magmatic material attaches itself to the 
lower surface and solidifies.  Heat of solidification is 
released and is then conducted through the crust to the 
surface, yielding the observed surface temperatures.   
     Subduction and surface renewal:   As new lava 
comes to the surface, its temperature evolution can be 
tracked by calculation.  Such calculations have been 
published by Davies [3, 4].  At first exposure, cooling 
is rapid.  With time cooling slows down and asymp-
totically approaches the average surface temperature of 
a passive surface.  The rate at which the thickness of 
the crust grows is linked to the surface temperature.  
For example, at 1000 K the crust grows at a rate of ~4 
m per day;  at 500 K the rate is ~30 cm per day.   For 
old, crust that is about ~150 K the rate is a few milli-
meters per day.  

The gases dissolved in the magma may play an 
important role in surface renewal.  For example, as 
liquid rock solidifies at the surface, it tends to exclude 
gas bubbles, forming a glass.  However, with depths 
approaching a mm or so, the gas bubbles can no longer 
escape and become trapped in the rock.  As the new 
crust grows in thickness, the lithostatic pressure be-
comes greater, the bubbles smaller, and the porosity 
less.  A depth of demarcation is reached when the so-
lidifying rock has the same density as that of the 
magma (2600 kg m-3).  Rathbun et al. [2] estimate this 
depth as ~6 m.  Until this time the solidifying rock is 
intrinsically buoyant with respect to the magma sea.  
Now, the continued accretion on the bottom of the 
crust continuously reduces buoyancy.  This trend will 
continue for the remainder of the life of each crustal 

plate.   By comparison, at zero porosity the density of 
solid basalt is 2800 kg m-3.   
     While porosity is one possible mechinism for in-
creasing the solid crust’s density over time, once the 
crust becomes more dense than the magma sea, it may 
not founder immediately.  Rathbun et al. [2] proposed 
that thermal contraction could initiate cracks in the 
crust, enableing the overdense crust to founder.  How-
ever, that these cracks would penetrate the entire crust 
in unclear and other mechanisms need to be addressed.  
Further, the rate at which the individual crustal plates 
sink is unknown and may complicate the rate of foun-
dering. 
     The confined locations of the continuing activity at 
Loki (such as the SW corner [4,5]) is consistent with 
fresh, hot magma reaching the surface as older, cooled 
lava plates are subducted  [2].  The  observations of 
“IR outbursts”  by ground-based telescopes are also 
consistent with the foundering of massive plates of 
lava crust, exposing the molten sea below [2]. 
     Size:  The generally circular appearance, the large 
size (~200 km), and the dark material at Loki were 
discovered by Voyager [6].  The relationship between 
temperature and albedo noted by McEwen et al. [7] 
has been used to justify the assumption that the dark 
areas are warm and thus are an indicator of higher 
temperatures below. More recently NIMS temperatures 
and temperature maps have become available [8, 4].  
The temperature map can also be interpreted as a map 
of crustal plate growth rate [4], consistent with the 
Rathbun et al. [2] scenario.  
     Thus the presence of such endogenic heat flow, 
indicated by the dark areas, can be used as an indicator 
of a magma sea below.  The  value widely used as the 
size of Loki Patera is ~250 km. By implication, this 
may be one of the dimensions applicable to a subjacent 
magma sea.However, from the mid-infrared radiome-
try (5-20µm) of Loki by Veeder et al. [9] there are data 
spanning a dozen years which yield an average diame-
ter of ~700 km for the largest emitting region at Loki. 
These infrared data indicate that the magma body has a 
much larger extent for the infrared surface expression 
than that suggested by the dark areas.  Thus our choice 
of the words “magma sea”.  As of this writing we have 
not settled upon our choice of the best size for this sea. 
     Age and surface disruption:  Solid-body tides 
may play a role in breaking up the crust on the magma 
sea.  The tide raised by Jupiter has a surface amplitude 
of about 100 m.  Three effects result.  1) surface flex-
ing, 2) surface extension, and 3) surface compression.  
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As the shape of Io changes from generally spherical to 
somewhat ellipsoidal,  new surface area is formed.  
This can be accommodated by the magma sea immedi-
ately forming new crust.  However, in the compression 
phase of the cycle, when Io’s surface area is decreas-
ing, the means of accommodation may not be so triv-
ial.  Some of this adjustment can be taken up by the 
elastic properties of the surface.  Beyond that, it is 
necessary to reduce surface area by crushing or other 
forceful disruption. The areas of recent resurfacing are 
favored for this because their crust is thin.  In Loki 
patera, the youngest materials appear to be primarily at 
the southwest edge [4,5].  In this model, the tides 
guarentee that this region will be continually disrupted 
and therefore remain the youngest material until some-
thing drastic happens. Older areas have thicker, 
stronger crustal plates.  Thus, Io’s tides provide a po-
tential mechanism to initiate crustal foundering, and 
also that tend to fix the locations of present day activ-
ity.  This may explain the persistence of the Loki ac-
tive sources in the same locations even though the un-
derlying sea may be of vastly larger extent. 
     This work was carried out under contract to NASA. 
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