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Introduction: The volcanic moon Io is a puzzling, 

colourful, sulfur-rich world. Its surface is mainly cov-

ered by a presumably thin (a few cms) coating of SO2 

frost [1] and a set of complex sulfur-bearing species, 

mainly sulfur polymers and orthorhombic S8 sulfur (see 

e.g. [2]). These account for the global white-yellow 

color of the moon, while the red and brown colors that 

appear to be often linked to hot spots remain to be 

firmly attributed. By contrast, the observation of tem-

peratures well above 800 K at several hot spots [3] 

argue for a silicate crustal composition, not a sulfurous 

one, which is also consistent with Io’s internal compo-

sition as inferred from its bulk density of 3.53 g/cm3 

[4]. Yet, the spectral signature of silicates, largely hid-

den beneath this nearly ubiquitous and cold (110 K) 

frost mantle has never been formally identified.  

Goal: Our study aims at looking for those silicates 

in localized regions where they are least likely to be 

SO2-frost covered, in particular near active volcanoes 

hot enough to melt this layer or prevent its formation. 

The need to identify areas of typically tens of square 

kilometers around hot spots led us to use a ground-

based instrument with the highest spatial resolution 

capabilities. In addition, integral field spectroscopy 

data was required to attempt discriminating spectrally 

the various phases at the surface of Io, within the ap-

propriate wavelength range. The choice was to use 

SPHERE on the UT3 of the VLT [7]. 

Another goal is to provide reconnaissance for the 

hyperspectral imager MAJIS (under our institute’s PI 

responsibility), which will visit the jovian system in 

2031 onboard the JUICE spacecraft and will achieve 

several distant observations of Io at spatial resolutions 

better than 55 km/px. A new angle of study of Io based 

on ground-based reconnaissance imagery and spectros-

copy will help refine the observations of the mission. 

Other instruments are being used and new observa-

tions planned to complete this approach, including ac-

quired VLT/NACO data which detects the thermal 

contribution in a more appropriate wavelength range 

going nearly up to 5 µm. 

Data acquisition and reduction: The SPHERE in-

strument – primarily designed for exoplanets search – 

has three optical paths, among which the IFS we used 

in the YJH (0.95-1.65 µm) bands [8]. Regarding this 

wavelength range, the near-infrared is most suitable 

since (1) it is easily accessible from ground observa-

tions, (2) SO2 shows no misleading absorption in the 1-

2 µm range while (3) Fe-rich (mafic) silicates produce 

broad absorption bands.  

The field of view covers 1.7” on the sky for a 291 

pixels square frame, giving the 1” large Io a diameter 

of roughly 150 pixels, each one covering about 24km x 

24km on the surface. The spectral dimension has 39 

resolution elements, giving a quite low mean spectral 

resolution of 20 nm. During the observation time we 

were awarded we acquired 4 frames of the Galilean 

Moon over a 10 minutes time span, thus yielding one 

hemisphere almost centered on Loki Patera, from 

220°W to 40°W in longitude. 

We reduced this data using the ESO SPHERE pipe-

line. Additional refinements regarding spectral calibra-

tions issues were implemented. Telluric band correc-

tions are impeded by the wrong centering of the stand-

ard telluric star during acquisitions, and efforts for ac-

curate telluric band correction are ongoing. Currently, 

we restrict our spectral detection criteria to regions 

outside the two major telluric bands at 1.15 and 1.4 

µm. Radiance is converted to uncalibrated reflectance 

by division of a theoretical solar spectrum (instead of 

the SPHERE-measured one). We evaluate our SNR to 

be above 100 but our data are dominated by instrumen-

tal artifacts and telluric residuals. 

Results for Fe-rich silicates: Our spectral detec-

tion criteria maps focused on Fe-rich silicates signa-

tures, such as the wide band centered on 1.0 µm or the 

negative slope after 1.5 µm. These did not yield strong 

evidence for silicates on Io’s surface, neither did PCA 

analyses we also conducted. To understand this lack of 

silicate signature we also looked for thermal emission 

at the edge of our range (~ 1.6 µm): no thermal emis-

sion was identified in our dataset. This indicates that 

active zones with sufficient temperature and/or areal 

extent to be detectable at 1.6 µm were absent on this 

hemisphere of Io at the precise moment of our observa-

tions. Given the 576 km² pixels we have, energy bal-

ance and our radiative transfer modelling of Io (based 

on [9]) indicates that a typical 1 km² wide hot spot 

needs to be at least at 950 K for us to detect its thermal 

contribution to the spectrum at λ = 1.6 µm. Such a high 

temperature is not always found on a given hemisphere 

of Io as shown e.g. in [10], and in agreement with the 

quick (month scale) variability characteristic of Io vol-

canism (see e.g. the Pillan eruption observed by Gali-

leo between April and September 1997 [5]). 

Therefore, we have not yet found evidence for sili-

cate-rich hot spots within these constraints, nor sili-

cates within any cold region that might be free of SO2 

([11] evaluates the frost coverage to be below 85% of 
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the surface). Refined analysis is underway to increase 

our detection capabilities. 

A putative detection? We found a putative band 

centered at 1.23 µm, unaffected by telluric absorptions, 

and spread over at least 3 spectral elements. This fea-

ture covers 4 to 6 contiguous pixels on several loca-

tions on Io. The figure 1.a shows an example averaged 

on eight pixels, superimposed on an averaged spectrum 

of a neighbouring neutral region for comparison, and 

figure 1.b shows a map of Io on which we placed the 

locations of our most significant detections of this fea-

ture. It is important to note that all our detected spots 

are located in areas that had no high-resolution cover-

age from previous space missions [14], which may 

explain why this possible feature has not been previ-

ously observed. 

We have not identified so far any counterpart in 

available laboratory spectra of silicates for this putative 

1.23 µm detection, mostly because it is too sharp. It is 

not related to the 1.15 µm band in Io’s spectrum de-

tected since Galileo era [11] which is still unexplained. 

It can also difficultly be explained by the sharp telluric 

absorption at 1.27µm, notably because it is localized at 

specific places on Io’s surface while an issue with tel-

luric residuals is expected to be widespread all over Io 

image. This feature could be related to a yet unidenti-

fied sulfur-bearing compound, such as chlorinated sul-

fides [12]. We make this hypothesis since one of these 

molecules, SO2Cl2 has been detected in 2003 [13] 

south from Marduk Patera and we know that chlorine is 

abundant in the torus of Io since it is detected as exog-

enous material as far as Europa [15].  

 
Figure 1.a 

Observed spectrum of Io by SPHERE-IFS in blue, 

averaged over an eight-pixels region showing the 1.23 

µm absorption band, compared to a neutral region in 

green. Ratio of both spectra in red. 

 
Figure 1.b 

Io map from Galileo data with putative detections 

of a 1.23 µm absorber localized as red stars. 

Conclusions and perspectives: Our observations 

and current analysis did not enable us yet to identify 

silicate at the surface of Io; though a previously unac-

counted component absorbing at 1.23 µm might have 

been detected. This preliminary result recquires further 

data analysis as it may result from a yet unidentified 

observational bias. If confirmed, it would be a step 

forward in the understanding of the Ionian chemistry, 

since unidentified components are expected on Io as 

stated in the introduction, regarding the colors mystery 

for instance. 

To allow further interpretation of the silicate and 

non silicate phases on the surface of Io, further analysis 

of SPHERE data is underway. However, additional 

data is needed at a better spectral resolution to confirm 

this putative detection. Laboratory experiments meas-

urements are also required to search for a possible 

mineral analog. In the long term, it is expected that 

MAJIS will benefit from these perspectives. 
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