
HAL Id: insu-04681625
https://insu.hal.science/insu-04681625v1

Submitted on 29 Aug 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Relationships between HCl, H2O, aerosols, and
temperature in the Martian atmosphere

Kevin S Olsen, Anna A Fedorova, David M Kass, Armin Kleinböhl, Alexander
Trokhimovskiy, Oleg I Korablev, Franck Montmessin, Franck Lefèvre, Lucio

Baggio, Juan Alday, et al.

To cite this version:
Kevin S Olsen, Anna A Fedorova, David M Kass, Armin Kleinböhl, Alexander Trokhimovskiy, et al..
Relationships between HCl, H2O, aerosols, and temperature in the Martian atmosphere. Europlanet
Science Congress 2024, Sep 2024, Berlin, Germany. pp.EPSC2024-912, �10.5194/epsc2024-912�. �insu-
04681625�

https://insu.hal.science/insu-04681625v1
https://hal.archives-ouvertes.fr


EPSC Abstracts
Vol. 17, EPSC2024-912, 2024, updated on 29 Aug 2024
https://doi.org/10.5194/epsc2024-912
Europlanet Science Congress 2024
© Author(s) 2024. This work is distributed under
the Creative Commons Attribution 4.0 License.

Relationships between HCl, H2O, aerosols, and temperature in the
Martian atmosphere

Kevin S. Olsen1, Anna A. Fedorova2, David M. Kass3, Armin Kleinböhl3, Alexander Trokhimovskiy2,
Oleg I. Korablev2, Franck Montmessin4, Franck Lefèvre4, Lucio Baggio4, Juan Alday5, Denis A.
Belyaev1, James A. Holmes5, Jonathon P. Mason5, Paul M. Streeter5, Kylash Rajendran5, Manish R.
Patel5, Andrey Patrakeev2, and Alexey Shakun2

1Department of Physics, University of Oxford, Oxford, UK.
2Space Research Institute (IKI), Moscow, Russia.
3Jet Propulsion Laboratory (JPL), California Institute of Technology, Pasadena, USA.
4Laboratoire Atmosphères, Milieux, Observations Spatiales (LATMOS/CNRS), Paris, France.
5School of Physical Sciences, The Open University, Milton Keynes, UK.

One of the main objectives of the ExoMars Trace Gas Orbiter (TGO) mission is to hunt for any gases
that may be diagnostic of active geological of biogenic processes. Of key interest was methane (CH4)
due to its link to biological production mechanisms on Earth. While this has so-far not been observed
(Montmessin et al., 2021), the discovery of hydrogen chloride (HCl) was announced after the first
full Martian year of observations (Korablev et al., 2021). Like CH4, HCl will photolyze readily in the
Martian atmosphere and have a short lifetime, requiring an active source. One of the dominant
sources on Earth is active volcanism, making its characterization a high priority for TGO.

HCl was discovered using data from the mid-infrared channel of the TGO’s Atmospheric Chemistry
Suite (ACS MIR). This is a cross-dispersion spectrometer operating in solar occultation geometry.
The instrument consists of a telescope and foreoptics, a primary echelle grating to access the mid-
infrared spectral region, and a secondary diffraction grating to separate overlapping diffraction
orders. The solar occultation method is self-calibrating, provides a very long optical path length, and
very high signal-to-noise ratios.

It was quickly revealed that HCl was linked to water vapour and had its own seasonal cycle, possibly
associated with dust activity (Korablev et al., 2021; Olsen et al., 2021). In this presentation, we will
present the results of our work to further characterize HCl and explore its possible origins and
seasonality. We present a direct comparison over altitude between the volume mixing ratios (VMR)
of HCl with: the water vapour VMR, temperature, water ice extinction, and dust extinction. Water
vapour is measured simultaneously with ACS MIR, temperature is measured simultaneously with the
near-infrared channel of ACS (Fedorova et al., 2020; 2023), and aerosol extinctions are taken form
co-located measurements made with the Mars Climate Sounder (MCS) on Mars Reconnaissance
Orbiter (Kleinböhl et al., 2009; 2017).

Our results reveal that regardless of the photochemical origins of HCl, seasonal dust activity very
strongly controls its behaviour. At the start of southern spring, dust is lifted into the atmosphere and
warms the vertical extent over which dust is present. Temperature strongly controls water vapour,



and HCl is tightly correlated with water vapour over altitude. We do not find direct evidence that the
abundance of dust aerosols impacts the HCl VMR, but observed a pronounced difference between
the altitude range where HCl (and water vapour) is present and where water ice forms (controlled
by temperature).

We have explored, and will discuss, the likelihood of serval hypothesized HCl formation and
destruction mechanisms. These include heterogeneous reaction on chloride-bearing dust aerosols,
emissions from the surface, year-round atmospheric residence (low altitudes? alternative form of
chloride?), the formation of perchlorate and surface deposition, and the adhesion of HCl on aerosol
surfaces and eventual deposition.
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