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Broadband infrared observations of the thermal flux from the Jovian satellite lo have been used to 
constrain the surface temperature (and areal extent) of the volcanically active regions. For example, 
groundbased observations at 3.4, 4.8, 10.2, 20 and 30 pm have been used by Sinton (1) to identify a 
600 K source suspected of being an active sulfur or silicate lava lake or flow. Also, IRIS (Voyager) 
observations of lo (2) show temperatures ranging from 170 K to 700 K for various hot spots, thought to 
be associated with active, or recently active, volcanism. 

The observed temperatures, c700 K, have been used as an argument against silicate magmas, 
which have melting temperatures in the range from 1000 K (silica-rich) to 1300 K (dry basalt) (3). The 
seemingly ubiquitous presence of sulfur in the lonian environment and the relatively low melting (392 K) 
and boiling points (717 K) of sulfur seem more consistent with the surface temperatures determined by 
the broadband and IRIS observations. McEwen etal. (1987) conclude that thermal observations of the 
hot spots on lo are not consistent with large exposures of molten silicates even though radiative cooling 
will rapidly cool the surface and form an insulating crust. They cite, as example, measurements of Jaggar 
(5) that show the surface temperature of the Halemaumau lava lake in Kilauea caldera, Hawaii remained at 
nearly 1000 K for several months. This inconsistency is used to support the idea that molten sulfur is the 
primary liquid on the surface of the volcanic regions on lo. 

We have re-examined the problem of the surface temperature of an active lava lake, since the data 
of Jaggar (4) were collected by a method inappropriate for measuring the radiative skin temperature. 
These data were obtained by thrusting into the lava lake a steel pipe fastened to which were a series of 
Seger cones used by ceramicists as temperature indicators. Such a method is easily capable of 
measuring the temperature a few centimeters below the surface, but hardly a method capable of 
accurately predicting the temperature of the radiating surface. To measure the radiative temperature we 
observed the active surface of the C-vent lava lake of Kilauea volcano, Hawaii on October 12, 1987. 
Measurements were made using a GER IRIS field spectrometer which samples nearly 1000 narrow band 
spectral channels between 0.4 and 3.0 pm. Spectral data were obtained to determine not only the 
surface temperature of the lava lake, but also to determine the spatial (decimeter to decameter) and 
temporal (seconds to tens of minutes) variability in radiative temperature and its correspondence to the 
visible activity of the lake surface. 

Our visual observations show that the surface of the lake undergoes a cycle in activity that has at 
each stage a characteristic range of temperatures. The most typical state of the surface (stage I ) ,  which 
can last more than 30 minutes at a time, is one of eerie quiescence where the lake surface is covered 
nearly everywhere by a slowly moving glassy crust. Stage 2 occurs when the surface begins to "rift" 
forming long (many meters), but narrow (.5 - 2 meters), fissures as the crust slowly pulls apart. During 
stage 2 the surface is punctuated by several opening rifts which expose hotter material which quickly 
crusts over. The final stage (stage 3), which lasts only a few minutes, is dominated by active and rapid 
rifting (up to 5 meters in width) punctuated by the effervesence of large gas bubbles and small (c5 m) 
fountaining events as segments of the lake surface are subducted. The majority of the time (at least 90%) 
the lake is in the stage 1 quiescent state. 

Spectrophotometric observations were made at time corresponding to stages 1 and 2. Only those 
flux measurements corresponding to the atmospheric windows were used in our analysis and a reflected 
component was removed for spectral channels ~ 1 . 7  ym. Since the geometric properties of the 
observation, such as the distance from the spectrometer to the lake surface, were not accurately 
determined the data were reduced to relative fluxes. The use of relative fluxes in the analysis has the 
advantage of being relatively insensitive to the emissivity of the surface. Least-squares fits to the Planck 
function were then calculated to provide temperatures of the radiating surface and are listed in Table I. 

The most surprising result is the relatively low temperature (536 - 644 K) of the surface during the 
quiescent state of the lake, a temperature confirmed by, for example, the inability of the lake surface to 
ignite a brown paper sack. The blackbody fits show that the surface of the lake has at least two thermal 
components from which relative radiating areas can be determined. In the quiescent state these thermal 
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components probably correspond to the crust (T = 500 - 700 K) and to cracks in the surface (T = 1000 - 
1300 K). The higher temperature component corresponds to only 0.05O/0 to 0.1% of the surface area! In 
the second state of activity, the temperature of the crust increases to 800 - 1000 K with the higher 
temperature (1 100 - 1450 K) material, representing 1-3% of the area, exposed by the rifting. The reality of 
these observations is supported by Landsat Thematic Mapper measurements of Lascar volcano, Chile, 
where a lava lake surface temperature of 640 K was reported by Francis and Rothery (6). In addition, 
direct temperature measurements of 850 K for the crusted surface at the Erta'ale lava lake (7) and 956 to 
1134 K at Nyriagongo (8) have been observed. 

Based upon our observations at Kilauea volcano, we conclude that silicate lavas cannot be ruled out 
as the erupted and thermally radiative material on the surface of lo. In fact, our observation that the surface 
of a lava lake is most likely in the quiescent state with an effective radiating temperature of 500 to 700 K 
argues that the observed hot spots on lo can easily be explained by silicate magmas. Our observations 
support the calculations of silicate lava pond surface temperatures by Carr (9) which imply that the surface 
of a silicate flow may fall to temperatures ~ 7 0 0  K in a few minutes, and that silicate volcanism is prevalent 
on lo. 

TABLE I: Summary of C-vent lava lake observations of October 12, 1987. 

Obs. Time HST Temperature Relative Comments 
(+/-I 0 K) Area 

1200 State 1 
1 

1875 State 1 
1 

33 State 2 
1 

137 State 1 after state 3 
1 

71 State 3 
1 

70 State 3 
1 
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