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Introduction:  One of the most important questions 
raised in the wake of the Galileo mission to Jupiter is 
that of the composition of the dominant silicate lavas on 
intensely volcanic Io [1-4]. Some spacecraft and 
ground-based data have been interpreted to suggest that 
high-temperature ultramafic lavas have erupted at some 
locations. Such lavas are the result of a high degree of 
mantle melting, at higher temperatures than for basalts. 
As the degree of melting within Io is intimately linked 
to the location and magnitude of tidal heating, determin-
ing lava eruption temperatures is a high priority for any 
Io-dedicated mission.  One way of constraining compo-
sition is by measuring the temperature of the lava as it 
erupts.  As noted previously (e.g., [3]), this is not a sim-
ple task using only remote-sensing data. To differentiate 
compositions based on remote observations of tempera-
ture requires the careful identification of areas where the 
highest temperatures can be isolated.  This depends on 
the style of volcanic activity – how lava is physically 
erupted and emplaced on Io’s surface – which can be 
modeled with multispectral infrared observations, even 
at low spatial resolutions.  Models of thermal emission 
based on eruption style are then used to determine the 
temperature and area distribution present. Only certain 
styles of volcanic activity are suitable, those where ther-
mal emission is from a restricted range of surface tem-
peratures close to eruption temperature.  Such processes 
include large lava fountains [1]; fountaining or vigorous 
overturn in lava lakes [2]; lava tube skylights [3]; and 
transient explosions [5]. Eruption characteristics are 
given in Table 1.   

Overcoming observation uncertainties: 
Problems… [6, 7]: (1) Lava surface temperatures 

can change very rapidly, potentially more quickly than 
typical observation integration times and/or the time be-
tween acquiring data at different wavelengths. (2) The 
intensity of thermal emission from Io's volcanism is so 
much higher than even sunlit scenes that detector satu-
ration is a common problem. 

 …and solutions [6, 7]: (1) Acquire data quickly! 
Monitoring at 60 Hz in a clear bandpass establishes ther-
mal source stability - if stable, the temperatures derived 
from colour data acquired at ~0.1-1 second separations 
will be robust. (2) Focus attention on eruption styles that 
provide more stable high temperatures (i.e., skylights – 
see Table 1).  (3) Collect data at a variety of wavelengths 
so the hottest lavas in the scene are not saturated in the 
shorter wavelengths, while cooler active lavas are still 

imaged at the longer wavelengths (also yielding the full 
temperature and area distributions at each location).  

We can achieve these solutions by careful instru-
ment and observation design, informed by knowledge 
of Io’s varied styles of volcanic activity, ranging from 
massive thermal outbursts (e.g., [7]) down to individual 
lava tube skylights [3].   

Recognising useful volcanic eruption styles: 
Estimation of lava eruption temperature from remote 

sensing relies on imaging eruptions where sufficient 
area at peak temperatures are exposed, even where 
sources are sub-pixel [7].  Different eruptions have dif-
ferent spectral radiance spectra and magnitudes of ther-
mal emission that can span over six orders of magnitude 
[6,7].  Desirable eruption styles are shown in Table 1, 
with some pros and cons.  Figures 1 and 2 show how 
target eruption styles and processes are constrained 
from measurements of thermal emission at two different 
wavelengths.  Figure 1 shows the magnitude of different 
eruption types seen on Io.  The desirable styles of activ-
ity lie within the red ovals, and are described below. 

Figure 1: 2- and 5-µm radiant fluxes are used to con-
strain desired eruption styles. Ratios of other wave-
lengths also show the same constraints [7]. The eruption 
styles in Table 1 fall into the defined areas (red ovals). 
The inset image shows the modelled thermal emission 
from lava tube skylights [3].  See also [6, 7].  

Prime eruption candidates range from lo’s powerful 
“outburst” eruptions, probably large (>1 km high) lava 
fountains erupting from rifts, and high-temperature ar-
eas exposed by fountaining in lava lakes.  The issue with 
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fountains is their temporal variability, which can intro-
duce significant uncertainty in the temperature deriva-
tions.  The most thermally stable targets are lava streams 
within highly insulating lava tubes, as imaged through 
skylights.  Lava tubes are likely common on Io as a 
means of transporting lava great distances (>100 km) at 
centers such as Amirani, Culann and Prometheus, and 
Galileo data suggest the presence of such skylights. 
There is a very narrow range of surface temnperatures 
exposed in a skylight; and thermal emission is stable on 
a time scale of seconds to hours.  If the lava stream is 
directly observed, a robust temperature constraint can 
be obtained with data at visible and short infrared 
wavelengths [3,6]. 

Figure 2: Eruption style is starkly identified by examin-
ing radiant flux density against (for example) 2-µm/5-
µm ratio.  Active lava lakes, lava fountains and sky-
lights, and the Marduk Fluctus explosion event [5] stand 
out. Lava fountains are transient; active lava lakes are 
persistent. The narrow, very high temperature range 
seen through skylights yields the highest radiant flux 
densities, and are the best candidates for constraining 
lava temperature. The stability of thermal emission over 
minutes removes the necessity of near-simultaneous ob-
servations at different wavelengths.  

Conclusions: Previous missions that encountered Io 
were prevented from robust measurement of eruption 
temperature due to a lack of knowledge of what was be-
ing observed, extreme range to target, instrument deg-
radation, and a generally hostile environment that is 
now better understood due to the success of these afore-
mentioned previous missions, in particular, Galileo. We 
conclude that a new mission to Io, such as the Io Vol-
cano Observer concept [8], with instrumentation ex-
pressly designed to handle Io’s unique eruption volca-
noes, will answer the outstanding questions about the 
current state of Io’s interior, and the processes affecting 
tidal heating of planetary bodies in general.  Spectros-
copy can also be used to constrain composition, for ex-
ample, by examining Christiansen Feature position to 
determine silica content [9]. 

The mapping of lava eruption temperatures at differ-
ent locations across Io would reveal the underlying pat-
terns of magma generation and degree of mantle melt-
ing, vital to understanding the tidal heating process 
within Io, and the influence of Io in the evolving tidal 
resonance with Europa and Ganymede.  
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Pre-decisional mission concept: see [8] 
 
 

Table 1: Desirable styles of volcanic eruptions (see [5,6,7]) 
Eruption style Description Targeting Cons 
Lava fountain Extremely powerful (often ≥10 TW); De-

tectable from Earth.  
Aim at: base of fountain 
Bracket exposure 

Rare; detectors saturate; unpre-
dictable, short-lived 

Active lava lake Powerful (500 GW); Detectable from Earth; 
Long-lived; predictable; unmoving 

Aim at: fountains in lake, pos-
sibly at base of plumes 

Lava lake has to be active; re-
surfacing has to be vigorous 

Lava tube skylight Very small (~few m across) but powerful; 
may be common on Io.  Temporally very 
stable (mins-hours+) 

Aim at: lava stream Relatively small targets 

Volcanic explosion [5] Powerful (> 1 TW), so easily detected High-temporal resolution moni-
toring of Io to catch event 

Transient, unpredictable, possi-
bly rare 
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