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Is Io Impossible 
(petrologically)?



Outline

• What Io is supposed to do
• Io doesn’t listen…
• Maybe Io does this?



Starting Postulates

• Io is erupting enough lava to resurface the 
whole body 1 cm/year.

• Io is made of the same (generally 
chondritic) stuff as the rest of the Solar 
System



Conclusion:

• Each (silicate) part of Io should have been 
magmatically processed (undergone partial 
melting) an average of 400 times.
– Io should have a 50 km thick low density alkali 

and Si-rich crust of feldspars and nepheline 
with melts <1100 ºC

– The bulk of the mantle should be pure forsterite
– An Fe+Ca-rich high density lower mantle?







Robust Conclusion!



Io gets to speak…



Pillan 1997



Conclusion:

• Io is not magmatically differentiated…
– 100% recycling of erupted lavas back into the

mantle (other than incompatible volatiles)
– Composition of Io’s crust is that of a 1st

generation melt.
– Composition of Io’s mantle is fertile/primitive

• What happens if the top of such a mantle is
at 1300 or 1600 ºC?



Mantle melting curve



Adiabatic Temperature Profiles



~1300 ºC is Self-Consistent?

• This is the amount of melting required to 
overcome the massive compressional 
stresses at the base of the lithosphere

• More melting results in melts too rich in Fe 
(and thus too dense) to want to rise through 
the dunite mantle



Are 1600 ºC Lavas Possible?

• Yes, if the original assumptions are wrong:
– If Io is not generally chondritic
– If Io has been this volcanically active for <1%

of geologic time


