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Introduction

The imaging spectrometer VIRTIS is the flight spare of
the instrument of the same name on the Rosetta mission.
It was refitted to be part of the Venus Express mission
orbiting Venus since 2006. VIRTIS can observe night-
side thermal emissions at the wavelengths of several at-
mospheric windows. In three of these windows atmo-
spheric transparency is sufficient to allow a measurable
amount of radiation originating from the surface thermal
emission to escape [1, 2, 3]. Surface emissivity in this
near infrared range is indicative of surface mineralogy,
observation of the atmospheric windows presents an op-
portunity to characterize the surface mineralogy globally
[4, 5]. In this study, a signal, that can arguably be at-
tributed to surface emissivity, is isolated from VIRTIS
images and mosaiced to create a map encompassing most
of the southern hemisphere.

Data Processing

A detailed description of the data processing can be
found in [6]. Bands 0 and 30 of VIRTIS -M IR image
cubes, accessible at the ESA planetary science archive
PSA http://www.rssd.esa.int/psa, are cor-
rected for stray-sunlight and limb darkening to retrieve
flux of radiation emitted through the windows at 1.02 µ
and 1.31 µm.

Several factors contribute to the variation of flux at
1.02 µm. Most important are atmospheric transmittance
and surface temperature while emissivity has an unpro-
portionately small influence [7, 5]. Cloud transmittance
is determined from 1.31 µm and applied to 1.02 µm
while accounting for multiple reflections between lower
atmosphere and clouds.

The remaining contrast is highly correlated with
Magellan altimetry. Owing to the greenhouse climate the
surface temperature can assumed to be constant tempo-
rally albeit steadily decreasing with surface elevation [2].
At constant emissivity more radiation is emitted from the
hotter lowlands than from highlands. Above lowlands
the atmospheric column is higher and extinction of radia-
tion is more severe. Extinction is additionally a function
of wavelength. Due to thermal effects the wavelength
registration of VIRTIS varies.

The combined effect of surface temperature and ex-
tinction is analyzed empirically as the average behavior
of ’declouded’ flux with respect to topography and wave-

length sampled. Thus characterized average flux estab-
lishes a relation between VIRTIS brightness, wavelength
and topography. Fig. 1 is a mosaic of all processed
VIRTIS images translated to topography and fits well to
Magellan GTDR data. Spatial resolution is limited by
scattering in the cloud layer to 100 to 120 km, see also
[8, 7].

The brightness of VIRTIS images relative to bright-
ness predicted from Magellan topography and wave-
length is positively correlated with surface emissivity. To
match Magellan and VIRTIS spatial resolutions, all Mag-
ellan data points within a radius of appr. 200 km are used
to predict NIR flux at the location of VIRTIS pixel using
a gaussian weight function of distance with a FWHM of
120 km. The ratio of declouded VIRTIS images and pre-
dicted flux is mosaiced and shown in fig. 2. The signal
is however very small compared to noise and only areas
covered by at least 10 to 20 images are mapped well.

Figure 1: VIRTIS NIR measurements are calibrated with
Magellan topography and band wavelength to yield to-
pography.
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Figure 2: Map of brightness relative to global average
indicative of emissivity variation.

Results

The emissivity variation inferred is to some extend cor-
related with geomorphological features established from
Magellan radar images. Most general result is that
tessera highlands have a tendency to emit less than than
other highland areas of the same altitude. This might
indicate felsic surface composition of tessera highlands,
e.g. anorthosite or granite [9, 10, 6].

Some, but not all volcanic edifices show increased
emissivity. Large lava flows in the Lada terra - Lavinia
planitia region also show an increased thermal emis-
sion. In particular Cavilaca and Juturna fluctus, ema-
nating from Boala corona (70S 0E) inside Quetzalpetlatl
corona, are characterized by an increased IR flux [11].

This might be consistent with large scale extrusive
volcanism of ultramafic composition as proposed in [12].
Localized lithosphere delamination in the context of
corona evolution might also lead to melts with unusual
compositions [13]. Alternatively, the increased emis-
sion found at volcanic units, characterized as relatively
young, might be due to increased surface temperature,
but no compelling evidence for active volcanism was
found looking at individual images.

Discussion

The local deviation of brightness used to infer emissivity
can equivalently be interpreted as an error in topogra-
phy data within an ±500 m margin or average surface
temperature deviation of ± 4 K. The Magellan GTDR
dataset archived in the PDS shows an obvious artifact in
form of an segment with an offset of similar magnitude
approximately at -120 deg longitude. In [14] a repro-
cessed Magellan altimetry is presented which fits better
to VIRTIS brightness derived topography and therefore
has been used in our data processing. However, espe-
cially at tessera terrain there seem to be outlying radar
altimeter readings evident in the GTDR dataset as near-
equidimensional pits. Filtering for outliers, resulting in
exclusion of up to 50 % of GTDR data-points in the
calculation of reference NIR flux, did not significantly
change our result.
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