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2004
• 1- Three groups reported the observation of methane in 

Martian atmosphere: Krasnopolsky et al.( Icarus 2004) 
,Formisano et al. (Science 2004), Mumma et al.DPS
meeting(2004)  .

• 2- Krasnopolsky reported one global measurement of 10 
ppbv. No possibility of studying space or time variations.

• 3- Mumma reported 250 ppbv with space variations up to
600 ppbv or above.

• 4- Formisano reported an average value of 10 ppbv with
space ( and/or time?) variations from 0 to 35 ppbv. In 
particular it was reported a broad maximum in the 
longitudinal range of 50-170 E longitudes.



2004 Krasnopolsky



Mumma 2004



2004 Mumma (from Atreya)

From Atreya et al . PSS,Vol 55,p.358 ( 2007)



2004 Formisano



2004 Formisano
• Formisano et al 2004 

attempt to map results: 
the red region ( 55° to
170° E ) had 25 ppbv, the 
yellow region had 15 ppbv
of methane on average, 
and the bleu region had
less than 10 ppbv. 

• Single orbit averages with
either 0 or 35 ppbv were
shown.

Mumma’s 
methane
enhancement
region : 
Science 2009



2005-2009:   Krasnopolsky



2005-2009:   Encrenaz



2005-2009:   Mumma 2007

Methane mixing ratio was reported to be between 0 and 50 ppbv.



2005-2009: PFS-MEX



2005-2009: PFS-MEX

New approach to the data: add zeroes to interferogram to better evaluate location 
and intensity of lines.



2005-2009: PFS-MEX

Seasonal behaviour of methane
mixing ratio Longitude behaviour of methane: a 

maximum at 75 deg E longitude



2005-2009: PFS-MEX

Methane behaviour with local
time

“correlation” between methane and 
water vapor: not a real correlation , 
but pointing to the same source.



2005-2009 : Atreya



Recent: Mumma Science



2005-2009: Mumma

• After the revision of
the data analysis, the 
resulting mixing ratios
of Mumma et al. 
Coincide rather well
with the results of
PFS : methane mixing 
is between 0 and 45-
50 ppbv



2005-2009: Mumma

• The methane plume
observed by Mumma
in 270- 330 W 
longitude (= 30-90 E 
longitude)  
corresponds to the 
methane
enhancement found
by PFS at 50-170 E 
longitude. 



Recent Lefevre-Forget



The last paper: E.Chassefiere



questions

• Where is the source of methane?
• What is the mechanism producing

methane? ( life or serpentinization).
• Is methane produced today, or is “old” and 

stored?
• What is the sink of methane?



PFS main objective for this
workshop

• 1- Study in detail PFS spectra to show how
many methane lines PFS is able to measure.

• 2- Study methane at limb : in order to be able to
study in details the relationship between water 
vapor and methane.

• 3- Map methane in the four seasons in order to
study the source-origin of methane.

• 4- study H2O2 as a possible oxidiser of methane.
• 5- search for C2H6 or some equivalent molecule

in order to be able to distinguish (possibly) 
between serpentinization and life.
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Blow up around the 3018 cm-1 Q-branch

Q

P R

The question is: is PFS able to see any of the P/R branch lines?



The method used

• We shall proceed in the following way:
– 1. We first compute orbital averages ( 700 orbits

included) then average all of them using more than
one year of data, in total 89000 spectra. In this
average the Q-branch depth was of the order of 0.7 % 
of the continuum.

– 2. we then select orbital averages requesting that the 
Q-branch methane line depth be larger than 1% of the 
continuum ( average over 27000 spectra) and again
larger than 2% of the continuum ( average over 5200 
spectra).



The method used

As consequence of our selection all methane
lines should be enhanced toghether with the 
Q-branch in the average of 27000 spectra and 
in the average of the 5200 spectra.The lines
from other gases could roughly remain
constant.

The best fit in the 3000- 3030 cm-1 range
provides 15 ppbv and 25 ppbv and 35 ppbv
respectively for the first ,second and third big 
average.  



Space distribution of the orbits
contributing to the 3 averages

The first map shows the general
distribution of the data.

The last map shows regions with
most abundant methane ( not only the 
source, but also the enhancement
due to CO2 condensation).



The 3 spectra

Here the three spectra are shown toghether with the continuum that will be used to
compute the trasmissivity of the atmosphere for the minor lines.

Methane
Q-branch



Measured trasmissivity compared with water and methane
trasmissivity: the first enhancement

Solar lines

In green major unidentified lines. 1) is 628 CO2 Q-branch ( see Geminale and Formisano, 2008.

1



Measured trasmissivity compared with water and 
methane trasmissivity: the second enhancement



The first line: at 2979 cm-1
• The first methane line is the P3 line

also observed by Mumma. It is just 
before the 628 isotopologue Q-
branch at 2982 cm-1. It is clearly
seen to increase intensity as we go 
from black ( average over 89000) to
red ( average over 27000) to thick
bleu ( average over 5200).

• At 2976 cm-1 there should be the 
C2H6 etane line, nothing seems to be
present.



The second line: at 2989 cm-1
• The second line is smaller, but still

clearly visible as a small
enhancement in the red curve and 
as a major difference in the bleu
thick curve.

• In the 2 figures a and b are shown
two possible matching of the bleu
curve to the others : either on the 
right ( 2990-2995 cm-1), or on the 
left ( 2985cm-1). In both cases the 
second methane line ( the P2) is
evident in the transmittance.

a b



The third line:at 2998.5 cm-1
• This is the P1 line. It has still lower

intensity then the other two. It is
clearly visible in the bleu thick
curve, while was not really visible
in the red curve.

• The rest of the spectrum in this
wavenumber range shows just 
some minor water lines.



The Q-branch, but not only
The Q-branch at 3018 cm-1 is the one that

we have been requesting to increase from
the average intensity of the order of 0.7% 
or less, to more than 1% ( red curve) and 
more than 2% ( bleu thick curve). Its
measured intensity is :

- Black curve =0.994-0.983 =  0.7%
- Red curve = 0.994- 0.975 = 1.5 %
- Bleu curve = 0.995 – 0.966= 2.9%
There are other lines’ enhancement but they

may be due to water vapor, although from
the rest of the spectrum it seems water 
vapor has not changed. A possibility ( not
demonstrated) is shown in the next figure.



The Q-branch and more: Hitran
-This figure shows the Hitran database 

near the methane Q-branch.
-The peak of intensity occurs between

3016 and 3019 cm-1, with line
intensities of the order of 10-19, but 
at 3020-3021 cm-1 there is another
Q-branch with a much higher lines
density, and with lower intensities
of the order of 2-4 *10-21 .

-A possible interpretation for the 
feature at 3021 cm-1 is as due to
contribution from water vapor, plus 
an important contribution from this
second Q-branch. Note that from
the rest of the spectrum we have
indication of only a minor water 
vapor mixing ratio variation, at least
for the red curve.



Line number six,seven and eight
• These are now the R 1, 2, 3 lines. 

They are still minor lines, but they are 
clearly visible in all 3 curves, and 
they are enhanced toghether with the 
Q-branch.The line at 3038 cm-1 is
not well separated, and it is seen
after the water line + shoulder. The 
line at 3049 cm-1 seems to be shifted
by 1 cm-1, but this may simply be the 
effect of the response function of the 
interferometer, which is a sinc – like
function .?



Line nine and ten
• Here we have many water 

vapor lines disturbing the 
observations, therefore we
must compare the observed
line intensity with the water 
synthetic line intensity: with
reference to line 1,2, 3, we
see that 2 should be much
less intense than 1, if would
be only water. Observed has
the same intensity as 1.

• The line 3 should have the 
same intensity as 1, but in 
reality is much more intense.

• In both cases the strong 
methane lines at 3086 and 
3097 cm-1 are contributing
to the observed
transmittance. 

1 2 3

?



No more lines identified immediately

• Several water vapor 
lines are present in 
this interval and they
mask the methane
lines .



Conclusions
• By studying 3 spectra with enhanced methane ( mixing 

ratio of 15, 25, 35 ppbv) we can show that minimum 4, 
maximum 9 lines on top of the principal Q-branch are 
observed , mainly when they do not coincide with minor 
water lines.

• As the soil albedo can be considered a continuum of the 
spectral region studied ( albedo bands due to rocks have
usually a wide wavenumber range and not just a couple
of cm-1), and because we have been studying the 
transmittance (soil and aerosols are canceled out), the 
methane variation cannot be attributed to rocks
reflectance effect, but are real variations due to possible
short methane lifetime. 



Methane at limb with PFS-MEX

ROSETTA-OSIRIS IMAGE OF MARS

By
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The data set

• Spring 23 orbits
• Summer 25 orbits
• Fall 23 orbits
• Winter 23 orbits
• All orbits are special in the sense that the IFOV never looks at the soil, and 

we usually have more than 70 measurements at different altitudes.

• Altitude 0-50 Km
• Limb distance< 3000 Km
• Total number of spectra = 4114



The data set:number of spectra

• Altitude Km 5 15 25 35 45
• Spring 445 132 156 200 167
• Summer 257 102 480 325 184
• Fall 505 93 87 79 70
• Winter 389 81 112 125 125
• Total 1596 408 835 729 546
• Grand total 4114

The altitude of a measurement is computed as the altitude of the 
optical axis of the instrument minus half the IFOV.



Method of study
1- Average all the data between 0-10 Km (or 10-20, 20-30, 

30-40, 40-50 Km) altitude in one season.
2- Measure the line depth= (Imax- Imin)/Imax , which is

proportional ( almost) to the equivalent width and 
therefore to the column density.

3- Consider water vapor (3783 cm-1), CO (4283 cm-1) 
methane( 3018 cm-1) lines and the aerosols as
continuum at 7100, 4000 and 2800 cm-1).

4- Plot the measured quantities as function of altitude.
5- Study all possible geometrical parameters to identify

possible bias ( latitude, phase angles etc.).



Vertical profile of water, CO, and methane in spring

Water vapor

CO

methane

Band depth as percentage of continuum

At 4283 cm-1

At 3873 cm-1

At 3018 cm-1



Vertical profile of continuum in spring

7100 cm-1

4000 cm-1

2800 cm-1



Aerosols comparison in the 4 seasons
Lat= -60 to +60 Lat= +10 to +60

Lat= -60 to +10 Lat= -60 to +10



Gases profiles in the 4 seasons
spring summer

autumn winter



conclusions
• 1- There is no correlation between the vertical profile of

water vapor and methane.

• 2- The maximum abundance of methane is not observed
close to the soil, but in the middle of the atmosphere at 
25-35 Km. Therefore methane has an unusual vertical
abundance profile.This fact has, as consequence, that it
is better to speak of column density for methane, and not
of mixing ratio, because this quantity is changing with
altitude.

• 3- Only in Autumn ( and perhaps in winter) the aerosols
in the atmosphere do not extend above 50 Km altitude.



conclusions
• 4- Water vapor has its maximum band depth

close to the soil in spring and summer, while is
vertically uniform in autumn and winter.

• 5- CO has its maximum band depth close to the 
soil in spring and summer, while in autumn and 
winter has its maximum at very high altitudes.

• 6- Except than in autumn and winter, in the other
seasons the aerosols clearly extend much
above the 50 Km altitude.

• 7-The methane behaviour can be explaned by
the Chassefiere theory.



»THE END




