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Introduction:  The understanding of planetary evo-

lution benefits of several kinds of measurements, 

among which the analysis of the isotopic composition 

of its main constituents is certainly one of the most 

effective [1], [2]. In this context, though, several pro-

cesses can affect the isotopic composition of surface 

materials and atmospheric gases, and this needs to be 

taken into account in the interpretation of those meas-

urements. While the average (the “bulk”) value of iso-

topic abundances can tell the story of long-term evolu-

tion, localized measurements and their spatial-temporal 

variability is important to better constrain current frac-

tionation and escape processes, which can also affect in 

different way more than one gaseous species through, 

e.g., photochemistry. The most recent measurements of 

carbon isotopic composition from ground on Mars [3]–

[5] are yet to be reconciled with the atmospheric ones 

[6], [7], which show some discrepancy both in absolute 

value and variability. In this work, we focus on this 

particular aspect, showing the recent progress made in 

characterizing carbon isotopic composition in atmos-

pheric CO2 and CO using data from the ExoMars Trace 

Gas Orbiter (TGO) Nadir and Occultation for MArs 

Discovery instrument (NOMAD [8], [9]). In addition, 

we show that a possible way to unveil the true bulk 

carbon isotopic composition is to derive it from CO2 

ices at the Poles through spectroscopic measurements 

of ice reflectance at high resolution.  

Data and methods:  On the atmospheric side, we 

have collected all NOMAD observations in Solar Oc-

cultation (SO) Geometry, which allows for the observa-

tion of the vertical structure of the atmosphere at very 

high vertical sampling (<1 km in most cases) at very 

specific locations. Within the course of 2 months, these 

observations cover most latitudes and thus enable 

global mapping of the properties of several atmospher-

ic constituents. Each occultations lasts only a few 

minutes, yet can be made up of 50 to >1000 spectra, 

depending on the angle between the orbit and the sur-

face. NOMAD is a grating spectrometer covering the 

spectral interval 2.2-4.3 m, yet at each occultation it 

observes a specific set of diffraction orders, each one 

covering a narrow spectral interval (20-35 cm-1), se-

lected through a specific filter called the AOTF. The 

spectral response of the AOTF is quite complex, and 

together with the ILS and other properties of the SO 

channel, it has been exhaustively characterized and 

documented [10], [11]. In this work we use NOMAD 

Full Scan data to gather appropriate information about 
12C, 13C and temperature. We use full scans acquired 

between Apr/2018 (LS ~160 MY34) and Dec/2021 (LS 

~137 MY36), a type of data in which many diffraction 

orders are measured along the vertical. From these we 

derive the average rotational temperature along the line 

of sight with an accuracy of about 5 K [12], which then 

can be used to derive the column density at a specific 

tangent altitude – in particular - of 12CO2 and 13CO2. 

Another set of specific NOMAD diffraction orders has 

been used instead to retrieve the carbon isotopic frac-

tionation in atmospheric CO [13], [14]. The two results 

allow to understand the current interplay between these 

two species and to characterize their variability in the 

middle atmosphere of Mars (20-40 km of altitude). As 

far as the surface is concerned, we have evaluated the 

possibility of retrieving the 12CO2 and 13CO2 ice abun-

dances in seasonal deposits in the Southern Polar Cap 

using data from the Mars Express SPectroscopy for the 

Investigation of the Characteristics of the Atmosphere 

of Mars (SPICAM [15], [16]) and used a selected da-

taset to evaluate the feasibility and sensitivity of such 

analysis, by identifying potential features especially for 
13CO2 ice, which are currently undocumented in litera-

ture. For our analyses, we have used the Planetary 

Spectrum Generator (PSG, [17], [18]), a full general 

purpose radiative transfer code, which contains a dedi-

cated retrieval module based on Optimal Estimation 

and is configured with all the instrumental parameters 

of NOMAD SO and SPICAM. 

Results: By an in-depth analysis of the NOMAD 

full scan data, we find that atmospheric CO2 in the 

middle atmosphere is depleted in 13C compared to the 

Earth standard by 30‰ to 45‰, in line with past 

ground-based measurements and yet in contrast with 

the value obtained by Curiosity (46±4‰). We argue 

that this means that the value measured by Curiosity 

may not be representative of the whole atmosphere, 

and that an atmosphere slightly depleted in 13C may be 

more consistent with many other data acquired by ana-

lyzing surface mineral samples. We see that there is no 

evident indication of temporal variability on a seasonal 



timescale of this isotopic ratio, yet NOMAD data do 

not reveal any subtle variability on short timescales. 

The discrepancy with MSL Curiosity measurements 

remains a point of discussion, but one possible expla-

nation that goes beyond the lack of collocation between 

TGO and MSL measurements is the possibility that 

surface-atmosphere interactions near the surface alter 

the isotopic composition of CO2 on a daily timescale, 

and that this effect is practically null above 1 km of 

altitude. As for SPICAM, we demonstrate the existence 

of bright, detectable 13CO2 ice features, and discuss 

their behavior with the physical properties of the ob-

served surface ice. We also discuss the importance of 

adopting the correct physical model to describe the 

mixing of different surface components in radiative 

transfer, and show possible ways forward to retrieve 

the carbon isotopic composition of seasonal CO2 ice 

with SPICAM, concluding that more lab measurements 

of its optical properties are much needed to have a sol-

id base for retrievals. 
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