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PATERA: Robert R. Howell and Chris Moustakas Department of Physics and Astronomy, 
University of Wyoming, Laramie, WY 8207 1 

Analytical models of the thermal emission from silicate lava flows on 10 are being extended to 
study the Voyager IRIS spectrum of Ulgen Patera, Amaterasu Patera, and also ground-based 
measurements of Loki during some of its brightenings. Previous work [l] had found that the 
models provide a very good fit to the thermal emission of Loki, and provide insight into the 
different characteristics of the activity at Pele. The new model fits show that the activity at Ulgen 
is similar in character to Loki, but at much reduced intensity. Furthermore a pair of Ulgen spectra 
with slightly different fields-of-view allows us to eliminate assumptions concerning the background 
emission from the passive surface, and allow a more rigorous test of the model. 

The analytical models use a modification of the classical Stefan solution for the heat flow from a 
sol idiwg body to show that over a relatively broad range of time and material conditions the 
surface temperature of the flow can be given by T ( t )  = a, t-"* where a, is a constant dependent 
only upon material properties, and has a value of 538~(da~s)"~ for typical basalts. If the flow is 
assumed to produce new surface area at a constant rate RA , then the model spectrum has only one 
adjustable parameter at large wavenumbers (short wavelengths). In this steady-state region of the 
spectrum the flux FA ( A )  is proportional to A and to a single constant which is proportional to RA 

and the material properties. At small wavenumbers the spectrum turns down in a way dependant 
upon the length of time for which the flow has been active. 

Two spectra of Ulgen Patera 
region obtained by the 
Voyager-IRIS spectrometer 
show very similar values at 
small wavenurnbers where 
the passive surface emission 
dominates, but significantly 
different results at larger 
wavenumbers, where the 
volcanic flux dominates. 
The discrepancy is 
apparently due to the fact 
that Ulgen Patera has moved 
partially out of the field by 
the time the second spectrum 
was obtained. There may be 

Analytical model fits to Ulgen Difference - Voyager IRIS. 
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flow rate 
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some changes in the passive 200 600 1000 1400 1800 2200 
background which affects Wavenumber (crn-') 
the data at smaller 
wavenumbers, but to first order we assume the passive background is constant. Subtracting the 
two frames therefore gives the excess thermal emission from the hotspot. Except at the small 
wavenurnbers the fit obtained is very good. It indicates a flow rate of roughly 13 m2s-' and an 
eruption duration that is poorly constrained, but is at least several years in length. That change in 
hotspot flux between these two spectra corresponds to a flow rate approximately half of that 
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indicated from modeling the first (full Ulgen Patera) spectrum, indicating that half the active region 
had moved out of the field of view. 

The first full Ulgen Patera Analytical Model fits to full Ulgen Patera Spectrum 
spectrum, where the above two 
parameters plus the passive 
background temperature are fit, '5 00 . . 

shows the precision with which 
the simple three parameter model 
can match the data. The 
background temperature obtained I 
is 112 K, close to the value 
expected for this location. The 
flow rate is 20.3 m2s-', and the 
duration is on the order of 6000 
days. The analytical model 
contains approximations which 
make duration estimates 
unreliable once they become this 200 600 1000 1400 1800 2200 
large, and the actual duration Wavenumber (m- l )  
could be considerably shorter. 
The 40 krn diameter Ulgen Patera caldera would be covered in approximately two years by an 
eruption occurring at the above rate, and this may represent a more realistic estimate of the 
duration. However, the discrepancy could also reflect temporal variability in the flow rate and 
perhaps also in the visible appearance. 

The flow rate obtained for Ulgen is roughly 1/20 the rate obtained from modeling of Loki. On the 
basis purely of their infrared spectra they appear to represent the same class of objects, but with 
very different levels of activity. That would also appear to be the case based simply on their visual 
appearance. In contrast the infrared spectrum of Pele [l] appears quite different than that of either 
Loki or Ulgen, with model results corresponding to extremely high flow rates but short durations. 
The analysis of Arnaterasu Patera is in a very preliminary stage, but appears to be of the same 
general type as Ulgen. 

The analytical models can also be used to predict the changing spectrum when activity starts or 
stops. Those models are being applied to ground-based measurements of the thermal flux during 
Loki brightenings. Those measurements should provide the most rigorous test of the model 
possible with existing data, and may further illuminate the nature of the activity at Loki. The 
models should also be very useful for interpreting Galileo infrared measurements. 

[I] Howell, R. R. Thermal Emission from Lava Flows on 10. (1995) Submitted to Icams 
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