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METHANE     (the surprising variations)

The first figure shown in March 2004 : a differential spectrum with
indication of methane detection.



Methane detection

Methane: black the average PFS spectrum ( 1680 m.) – Red synthetic , 
no CH4. Blue synthetic with CH4 ( 10-20-30-40-50 ppb) : 10+- 5 ppb.

Average over 1680 measurements. NER = 0.01/40 = 0.00025 CGS 

Detection is with > 10 σ confidence level.



Methane variability
Average over 120 measurements. + - 1 sigma curves shown.

Methane: black the average PFS spectrum  – Red synthetic  with CH4 
( 35 ppb).



Methane variability
Average over 120 measurements. + - 1 sigma curves shown.

Methane: black the average PFS spectrum  – Red synthetic  with
CH4 ( 0 ppb).



Methane map

Red , yellow and blue : orbits with decreasing amount of methane. Orbital
averages were used.



Methane production

• The average 11 ppbv of methane in the martian
atmosphere requires a production source of 150 
ton/year

• The surprising feature is mixing ratio space 
variability.

• Possible sources are :
– Hot chemistry 2 Km below the surface(up to 100 000 

tons/year production rate).
– Life under the surface
– Exthernal source (comets?) or permafrost+radiation?



Detection of formaldehyde

The red curve gives the % decrease of the radiance for 200 ppb of H2CO: it
is 1% for the continuum and 1.5 – 2 % for the major lines.



Detection of formaldehyde in orbit
145 : 200 ppbv
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Average over 120 measurements ( see the methane report ) . 15 possible
lines identified. Note the good match in the 2710-2725 cm-1 range.



Detection of formaldehyde for orbit 145 
average

NOTE : 1% continuum decrease and 8 major lines of 1.5 – 2 % intensity

Effects
from HDO

Effects from
CO2 O17 
isotope?

H2CO major lines



Detection of formaldehyde in other orbits 
( orbit 97 : averages over 140 measurements)

At least 12 lines identified.



Detection of formaldehyde



Detection of formaldehyde :< 50 ppbv in orbit72
In this orbital average ( 120 meas.) 0 ppb of methane was observed. The major 
CH2O lines are absent .

a   a  a        a           a a             a  a

Note the good fit up to 2750 cm-1 of the red curve.



Detection of formaldehyde: average value = 
130 ppbv. 14 lines observed.

Black curve : average over 1680 measurements ( the same as for CH4).



Detection of formaldehyde
• Formaldehyde has been detected correlated to

methane.
• Formaldehyde variations are between <50 and 

200 ppbv .
• The average mixing ratio is 130+-50 ppbv 
• Further study is needed: in absence of oxidising

conditions large quantities of methane could be
observed ( see reports from Mumma).

• Methane must be 15-20 times more abundant if
CH2O is oxidised methane



Methane oxidation



Preferential oxidation
• Methane can be preferentially oxidised into

formaldehyde in presence of iron oxides.
• In the Martian conditions, with the soil rich of iron

oxides and in presence of adsorbed water and 
solar UV methane can possibly be easily 
oxidised into formaldehyde.

• (experiment done successfully in Germany , see
results from Prof. Molmann)



Water :boundary layer map



Correlation with hend-Odissey



Correlation water-methane maps

IN THE 3 MAJOR REGIONS IN WHICH THE NEUTRON MONITOR FINDS 
AN ENRICHMENT OF WATER, WE SEE MORE BOUNDARY LAYER 
WATER AND MORE METHANE IN THE ATMOSPHERE.



Pointing to the source
• A correlation exists in the atmosphere between

water vapour in the boundary layer, methane
and formaldehyde.

• The boundary layer water correlation with the 
Odissey HEND results points to an underground 
source producing water and methane.

• Methane is quickly oxidised (into formaldehyde ) 
when is injected into the atmosphere.

• Formaldehyde is destroied in 7.5 hours in the 
atmosphere.



On the possible sources of 
methane

- If methane alone is considered a source of 
150 tons/year is needed.

- If CH2O is considered as oxidised methane , 
a source of 2 500 000 tons/year is needed.

- On Earth methane production is 500 000 
000 tons/year (200 times larger than Mars).



On the possible sources of 
methane

• Underground hot chemistry can produce 
only 100 000 tons/year of methane (can 
this value increase?)

• Life in the vast areas of underground 
“water” seen by Odissey can produce 
methane

• Cosmic rays interaction with superficial
permafrost can produce methane ( 
modelling needed,  not enough ?)



4 - IMPLICATIONS FOR LIFE ON 
MARS

• underground life can certainly provide enough
methane to explain the observations of CH4 and 
CH2O.

• It is not clear if the other possible sources are 
sufficient for the explanation of the observations.

• Methanogenic bacteria can be present 50 to 300 
meters underground on Mars using H2 , CO2 to
produce CH4 : in presence of some sort of 
acquifer more complex biota could exists.

• I refer to the following book:



• I SHALL UNDERLINE A 
FEW STATEMENTS 
MADE IN THE ESA 
REPORT  SP-1231 :

• EXOBIOLOGY IN THE 
SOLAR SYSTEM & THE 
SEARCH FOR LIFE ON 
MARS  

• THESE STATEMENTS 
HAVE BEEN THE GUIDE 
TO MY RESEARCH :



Where is life ?



Where is life ? Where is life ?



In other words

hints for Life existing on 
Mars today are becoming
stronger: PFS results
cannot  prove it , but is the 
best can be done from
remote sensing.
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