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Paterae on Io 
More than 400 paterae, or volcano-tectonic depressions, cover ~2% of Io's surface 
[1,2]. Paterae are thought to form by collapse of brittle crust resulting from intrusion 
of magma, likely with a strong volatile component [3]. We are attempting to 
understand the details of this process through experimental models and comparison 
of the results to a geologic map of the recently active Tupan Patera.  

Geologic Map 
Our mapping approach is similar to that employed by Williams et al. [5,6,7].  
o The straight segments of the scarp that bounds Tupan patera indicates either 

ongoing tectonism and the development of faults oriented by the principal 
stresses, preexisting fractures in the crust, or the failure of a brittle crust during 
patera collapse.  

o The central “island” is thought to be a relatively cooler region composed of 
material that did not collapse as much as a surrounding moat and is elevated 
above the hotter floor materials that are either cooling lava flows or a lava lake. 

o Diffuse deposits are interpreted to be sulfurous precipitates from vapors  
released from the interior of the patera.  

o Red and “green” patera floor units are only found around the margins of the 
large eastern “lake” and are interpreted to be flows of molten sulfurous 
compounds released from the walls onto the floor of the patera. 

o  Most features are consistent with the development of the patera by collapse 
associated with the rise of hot mafic magma into a volatile-rich crust [3, 4] 
(Figures 1 and 2).  

o External eruption of lava is minor and may not be required for patera collapse. 

Experimental Model 
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With our experimental apparatus, we are testing models for the formation of paterae.  
o Interlayered wet or dry sand with dry ice or snow simulate layers of dense, strong, 

silicates and weak, less dense, sulfurous volatiles thought to form Io’s crust [3].  A hot 
plate simulates a hot subsurface magma chamber. A moveable paddle can be used to 
simulate extension and compression (Figure 3).  

Initial  observations include: 
o Before collapse, volatiles are released from multiple vents by vaporization of ices 
o Vapor reprecipitates as frost (or liquid) around the steaming vents 
o Small outflows of molten ice are released from the walls and floor of the patera. 
o Eventually collapse occurs when large quantities of ice have melted or vaporized 
o The pit grows sequentially outward as the walls fails during continuing collapse 

expanding the size of the patera 
o Straight wall segments form in the absence of applied stress 
o “Islands” surrounded by  moats on the patera floors are regions that  subsided less 

than other parts 
Conclusion: Paterae may form following removal of volatiles from  crust overlying a hot 
magma chamber. Devolatilization steaming and frost formation could be similar to the 
processes that form the diffuse deposits surrounding the big eastern lake where heating 
and degassing might have been stronger. Liquid outflows from the walls of the patera 
after collapse could be similar to the “green” patera floor units. Note they are only found 
around the margins of the large eastern lake where temperatures may have been higher 
or collapse more significant. Eruption of magma external to the patera may not be 
required. 
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Figure 1 – Original image and geomorphic map with accompanying legend. Tupan 
patera is 80 km in diameter as seen in this full-color, 150 m resolution image 
illuminated from the southwest. Galileo image obtained October 2001. Examples of 
the geologic units are shown in Figure 2..  

Figure 3 – Our apparatus is a metal box  0.5 meters 
on its edge placed on an electric hot plate. The 
paddle on the right simulates tectonism (Top Image). 
The time lapse photos show typical patera formation 
sequence. Several of our analog paterae had islands 
that are morphologically similar to those in  paterae 
on Io (Bottom Image). Brigham Young University  funded  this research project. 
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Figure 2–  Examples of the different geologic units that comprise the geomorphic map.  
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