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Building on the results presented previously [1] and
considering the expected emissivity variation between
felsic and mafic minerals with Venera and VEGA geo-
chemical data [2], we have continued our analyses of a
set of Venus analog samples. PEL successfully ac-
quired funding from the European Union as part of the
EuroPlanet consortium to extend spectral coverage for
high temperature measurements down to 0.7 micron.
We give here a progress report on the ongoing upgrade
and present results of our first test measurements.

The permanent cloud cover of Venus prohibits ob-
servation of the surface with traditional imaging tech-
niques over most of the visible spectral range. Fortu-
nately, Venus' CO, atmosphere is transparent in small
spectral windows near 1 um. Ground observers have
successfully used these windows during the flyby of
the Galileo mission at Jupiter and with the VMC and
VIRTIS instruments on the ESA VenusExpress space-
craft. Observations have suggested compositional vari-
ations correlated with geological features [3-7].

Studying surface composition based on only a
small number of spectral channels in a narrow spectral
range is very challenging. The task is further compli-
cated by the fact that Venus has an average surface
temperature of 460°C. Spectral signatures of minerals
are affected by temperature, so comparisons with min-
eral spectra obtained at room temperature can be mis-
leading.

The Planetary Emissivity Laboratory (PEL): In
2015, PEL installed a new Bruker VERTEXS80V spec-
trometer. Currently two Bruker Fourier transform in-
frared (FTIR) spectrometers of this type are operated,
both located on an optical table and equipped with
external chambers for emissivity measurements (Fig-
ure 1). For this study, a Bruker Vertex 80V optimized
for the near to far-infrared spectral range was used.
The laboratory is located in a temperature-controlled
room at the Institute for Planetary Research in Berlin.

The main feature of the PEL is a high-temperature
chamber attached to the Vertex 80V that allows heat-
ing of samples to temperatures up to 1000K under vac-
uum conditions (medium vacuum =10-100Pa) [8].
Samples are placed in steel cups equipped with type K
thermopiles as temperature sensors. A copper induc-
tion coil installed in the chamber and connected to a
Linntherm 1.5kW induction system allows contactless
heating of ferromagnetic sample cups by induction.
Spectral coverage is achieved using a liquid nitrogen-
cooled MCT detector and KBr beamsplitter for the
spectral range up to 16 um and a DTGS detector with a

multilayer beamsplitter for the remaining spectral
range. Main components of the EU-financed upgrades
are the InGaAs detector with matching beamsplitter,
improved spectrometer electronics, and an optimiza-
tion of the optical layout in the chamber. Upgrades
began in October 2015 and will be completed by the
end of 2016.

Laboratory experiments: Building on the results
present previously [1] and considering the expected
emissivity variation between felsic and mafic minerals
with Venera and VEGA geochemical data [5,6] we
have continued our analyses of Venus analogs.
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Figure 1. New setup at the Planetary Emissivity Laboratory
(PEL).

Measuring emissivity at 1 pm at Venus analog
temperatures is already very challenging for many rea-
sons. For example, the emissivity of stainless steel
increases strongly towards shorter wavelength at high
temperatures. This results in a non-negligible contribu-
tion to total radiance from our sample cups. At the
same time, many natural materials have a high trans-
parency at 1 um. To solve both issues at the same time,
we are currently limiting ourselves to slabbed samples
of materials with low transparency that are heated by
placing them on a stainless steel disk completely ob-
scured by the sample.

Extending the measurements below 1 um adds
significant new challenges. The main challenge is the
very low thermal emission due to the fact that we are
on the steep flank of the Planck curve (Figure 2). Be-
tween 1.18 um and 0.8 um the signal drops by more
than two orders of magnitude.

Therefore even the use of a steel disk under the
slab for heating seems not to be enough. The glow of
the steel scattered in the chamber becomes a non-
negligible noise term that results in an apparent in-
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Figure 2: Blackbody curve at Venus surface temperature —
within the range covered in our measurements the signal
decreases by more than two orders of magnitute

crease of the emissivity around 0.9 wum. We are cur-
rently testing a baffling system (Figure 3), which im-
proves the situation but cannot solve it completely.
Work on this challenge is ongoing.

Figure 3. Current test configuration in the chamber — TOP:
Sample at 450°C illuminated by a LED panel in the chamber,
BOTTOM: Same scene without additional light.

Still the preliminary results (Figure 4) confirm
our early measurements for basalt and extend them for
the first time below 1 um. There remains a continuum
contribution from the scattered light, which has to be
removed by improvements in the setup.

Conclusions: Observing the surface of Venus in
the near-infrared requires a dedicated laboratory effort.
The atmosphere of Venus dictates which spectral
bands on the surface can be observed. This places se-
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vere constraints on the ability to identify rock-forming
minerals. To complicate matters further, we cannot
observe reflectance, as would be the standard at 1 wm.
Observations are obtained on the nightside where the
thermal emission of the surface is measured directly.
Finally, high surface temperature can severely affect
the spectral characteristics of the minerals as observed
in the mid-infrared [8] and expected from crystal field
theory [9,10].
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Figure 4: Emissivity of basalt sample in the spectral
windows accessible through the atmosphere of Venus.

Work in progress at the Planetary Emissivity La-
boratory is laying the groundwork for collection of a
spectral library for rocks and minerals under Venus
conditions. Once acquired, these data will be key in
understanding and modeling differences in emissivity
between ambient and Venus conditions, potentially
enabling calibration transfer between datasets.
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