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Introduction:   

The ExoMars Trace Gas Orbiter (TGO) has 

detected and characterised trace gases in the 

atmosphere over several Mars years. The data of TGO 

have provided a much clearer picture of the presence, 

distribution, and variation of these atmospheric 

constituents, or their absence and upper limits. The 

wealth of data obtained has addressed several open 

questions about the nature of Mars’ atmosphere, while 

other measurements have revealed much that remains 

poorly understood. For example, models continue to 

struggle to reproduce ozone distributions, both 

spatially and temporally, as well as seasonal 

variations in atmospheric oxygen (O2), suggesting 

that some key photochemical interactions may be 

missing in models. As another example, despite seven 

years of dedicated observations producing very low 

upper limits on atmospheric methane levels, there 

remains no unifying hypothesis that simultaneously 

explains the detections reported by other Mars assets 

at Gale Crater [e.g., 1-4]. 

 

Chlorine species and oxidative chemistry:   

Hydrogen chloride—detected for the first time 

with TGO [5,6]—has been investigated recently using 

the mid-infrared channel on TGO’s Atmospheric 

Chemistry Suite (ACS MIR) [7,8]. HCl observations 

(Figure 1) show a strong seasonal variation, with 

almost all of the detections occurring during the latter 

half of the year between the southern hemisphere 

vernal and autumnal equinoxes (solar longitudes 180-

360°), when water vapour is present in the Martian 

atmosphere and ozone concentrations are low. In 

addition, there are unusual measurements of HCl, 

localised in both time and space, near aphelion. 

Chlorine-bearing species such as HCl are 

important to understand in Mars’ atmosphere because 

on Earth they are involved in numerous processes 

throughout the planetary system, including 

volcanism. Chlorine species play a key role in 

atmospheric chemistry: they influence oxidative 

chemistry and variations in O2 and O3 concentrations 

(e.g., by catalysing the destruction of ozone), and by 

extension, CH4 in the Martian atmosphere [9]. 

However, much remains unknown about original 

source and sinks of HCl, as well as the factors 

controlling its distribution and variation, and the way 

that these factors may have varied in the past.  

 

Here, we use the Mars Planetary Climate 

Model—a 3-D global climate model that includes a 

photochemical network—to investigate potential 

mechanisms accounting for patterns in ozone and HCl 

detections and interactions between them. These 

include the correlation of HCl with water vapour and 

the anti-correlation with ozone. We begin with the 

role of heterogeneous chemistry involving ice and 

dust aerosols, by implementing modelling developed 

for the Open University Mars Global Climate Model 

[10] and building on existing chlorine photochemical 

model networks [11,12,13,14]. Heterogeneous 

chemistry affects the abundances of oxidative species 

such as OH and HO2, and by extension, O and O3. In 

addition, we investigate how such processes can 

Figure 1: Observations of O3 and HCl from TGO’s ACS instrument, seasonally and across multiple 

Mars Years [8]. MY=Mars Year; NH/SH=northern/southern hemisphere. Figure from Kevin Olsen. 
 



 

 

potentially serve as a mechanism for direct release 

and sequestration of HCl from the atmosphere. We 

also explore potential mechanisms behind the annual 

occurrence of spatially-constrained aphelion HCl, 

including volcanic sources, and we investigate the 

interplay between chlorine-bearing species and OH, 

HO2, O, and O3. 

Understanding the role of oxidative chemistry 

on HCl and other trace gases is key to achieving a 

more complete picture of processes occurring in the 

present-day Mars atmosphere, as well as processes 

that have shaped its evolution and habitability.  
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