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•  Trace species: what are they 
•  Formation (origin, source)? 
•  Destruction: how, where, and how fast?  
•  Supply: flux small or big? 
•  Meaning: Habitability - tests? 
•  Measurements?   



Our	  Solar	  System	  



Mars	  characteris+cs	  from	  recent	  observa+ons	  

•  Radius	  =	  	  3396.2	  	  km	  (Earth	  6398	  km)	  
•  Density	  =	  3.933	  g/cm3	  (Earth	  5.4	  g/cm3	  )	  

•  Semimajor	  Axis	  =	  1.52	  AU	  	  

•  Eccentricity	  =	  0.0935	  

•  InclinaFon	  =	  25.2	  degrees	  

•  Orbital	  period	  =	  	  686	  days	  (Earth	  365	  d)	  

•  RotaFon	  period	  =	  24.6229	  hrs	  

•  Surface	  Gravity	  =	  3.71	  m/s2	  

•  Internal	  Magne+c	  Field:	  Negligible	  

•  Average	  Surface	  Temperature	  =	  220	  K	  
(range	  170-‐300	  K)	  

•  Surface	  Pressure	  6.36	  millibars	  (Earth	  
1013	  mb,	  or	  1	  atmosphere)	  

•  Satellites	  –	  Phobos	  and	  Deimos	  



mars atmosphere composition 

CO2 95.32 % 
N2 2.7 % 

40Ar 1.6 % 
O2 0.13 % 

CO 0.07 % 
H2O 1 - 100 pr-µm 

O3 
H2 

0.01 – 0.8 ppm 
15 ppm 

H2O2 20-40 ppbv (atmos.) 

CH4 

   (Earth CFC’s ~1 ppbv) 

15 ppbv (global) 

N2O 1 (-7) 
NO2 1 (-8) 

C2H2 2 (-9) 
C2H4 5 (-7) 
C2H6 4 (-7) 

H2S 1 (-7) 
HCl 2 (-9) 

2003 

2003 



Possible outgassing 
on Mars? 

 Recent ground water seepage 
and surface runoff? 

 Associated outgassing? 

(Mars Global Surveyor Images, 2000) 



Hotspot sulfur chemistry 



Sulfur Species 

H2S 

hot spot 

SO2 
100 ppm 100 ppm 

major 
species 

mixing 
ratio    

(10 km) 

column 
(cm-2) 

SO2 1.7 (-4) 1.8 (19) 
H2S 1.8 (-5) 7.4 (17) 
SO 1.7 (-7) 7.8 (16) 



CH4 

Flux from Mars surface 
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Photochemical Lifetime of methane 300-600 years 
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CH4×10-5 

CH4 



Possible Detectable Species - Model  
(100 ppm outgassing of SO2, H2S, CH4) 

Species Mixing ratio 
(10 km) 

Column 
abundance (cm-2) 

Photochemical 
lifetime 

SO2 1.7 (-4) 1.8 (19) 40 days 

H2S 1.8 (-5) 7.4 (17) 9 days 

SO 1.7 (-7) 7.8 (16) 4.6 hours 

CH4 1.0 (-4) 1.0 (19) 670 years 

CH2O 2.8 (-11) 1.6 (13) 7.5 hours 

CH3OH 4.3 (-12) 8.2 (11) 74 days 

C2H6 6.4 (-12) 9.6 (11) 25 days 



 



 





mars methane: significant findings 

•  MEX/PFS (>500,000 spectra; 3018 cm-1; Formisano et al., 2003-present) 
–  average 14±5 ppbv; non uniform; footprint ≥1000 km  
–  max: 35-50 ppbv; hotspots - Arabia Terra, Elysium Plenum, N-pole 
–  min: <10 ppbv; hints of seasonal variability    

•  CSHELL/IRTF, NIRSPEC/Keck-2 (R0, R1; Mumma et al., 2003-2006) 
–  average 10-20 ppbv; non uniform, footprint ~800 km 
–  max: ~35 ppbv; east of Arabia Terra, Nili Fossae, SE Syrtis Major 
–  in plumes when present; transient 

•  CFHT/ FTS (3018 cm-1; Krasnopolsky et al., 2004)  
   –  global average only: 10 ppb (<30 ppbv from later observations) 
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H2 
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How: serpentinization 
liberate hydrogen, mix carbon, make methane (abiotic)  

[(Mg,Fe)2-3Si2O5(OH)4] 
serpentine 

hydration of ultramafic silicates (olivine/pyroxene)  
can produce serpentine, hydrogen, and methane 

metal-catalyzed 
Fischer-Tropsch rxns 



Juan De Fuca Ridge 
depth         2222 m 
exit temp         342 C 
pressure         200  bar   
chimney ht.       10 m 

Mid Atlantic Ridge 

        300-500 C, sulfur-rich, highly acidic (~lemon juice) 





(Oze,Sharma, 2005) 



(interior structure, after Grasset et al.) 



methane origin, now or in the past 





organics and oxidants don’t mix 

"   Viking (1976) Life Sciences Experiments (LSE) 
"   GCMS: no organics found in Martian soil -- 

"   Indigenous; or externally delivered by meteorites, IDPs, comets 
"   GEX: nutrients & H2O added, O2 released rapidly: 
   surface oxidant ; required amount 20-250 ppm H2O2  

  (Oyama, 1977; Hunten, 1979; Huguenin, 1982) 

"   In 2003, 20-40 ppb H2O2 in atmosphere detected, but is too 
low by a factor of 100-1000 compared to LSE requirement 

 [H2O2 detection: submm 362.156 GH,  
  Clancy et al,; IR (8.04 – 8.13 µm) Encrenaz, et al.] 



subsolar point 

H2O2 mixing 
ratio (x10-8)  
by TEXES 

Encrenaz et al., 
Icarus, 2004 



aeolian 
triboelectricity  

MPF Dust Devil 
Image 

Mid-Winter Dust Storms Near Hellas Planitia  





storm electric fields (triboelectricity) 
change near-surface chemistry 
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Mars 
electrochemistry 
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photochemical OH 

   dust-induced OH production 
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H2O2 column (photochemical) 
3.2×1015 cm-2 

dust induced (25 kV/m) 
7.1×1017 cm-2 



storm electric fields make peroxide; 
peroxide & products destroy surface 

organics and methane 
→  10,000x enhancement of H2O2 over photochemical source**→ 

→  H2O2 “snow” → H2O2 into regolith 
→  H2O2 in regolith lives long, up to millions of years (M. Bullock, 1996), 

compared to less than one day in atmosphere 
→  superoxides/ hydroxyl/ hydroperoxy (HO2 ) generated in soil 

→  rapid destruction of surface organics (directly), and of  
→  methane, by OH, HO2 and superoxides from H2O2 
→  excess CO recycles the CO2 lost to triboelectricity 

Radiolysis of ice also produces H2O2, as on Europa, Ganymede & Callisto 

**Atreya, et al. 2006   



(odd)chlorine + (odd)oxygen  
            ClO3   + OH 
            ClO    + H2SO4 
            OClO + OClO  +hν 

(H or Cl)ClO4 (dry deposition)  
             +surface minerals             

→ ClO, OClO, ClO3 
→ H(ClO4) 
→ H(ClO4) + … 
→ Cl(ClO4) 

→ Mg(ClO4)2, K(ClO4), … 

perchlorate (ClO4
-) on Mars and Earth 

Mars 
north polar region 
0.3 – 0.6 wt% 
? 

Earth 
Atacama, Bolivia, Texas 
0.03 – 0.6 wt% (Atacama) 
5-15 Myr (Atacama)  

where 
how much 
dry period  

→ Cl 

volcano 
brine 







0	  

Organic (living) vs. Inorganic 13C carbon isotope                V-PDB 12C/13C=89.4 



δ2H vs δ13C in CH4 	  

fermentation 

 enzymatic reduction of CO2  

 low temperature  
 serpentinization 

thermogenesis 

high temp. serpentinization 

(adapted from M. Allen/ T. Onstott/ Sherwood-Lollar) 

biogenic 



(after M. Allen/ Horita, Berndt) 

   ratio of methane/(ethane + propane) with δ13C (methane)  

biogenic 

thermogenesis 

low and high temp 

serpentinization 
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MER, Sojourner, MSL at JPL Science Fair 



SMS and Housing 

Tunable  
Laser 

Spectrometer 

Electronics 

Solid Sample Inlets 

Gas Chromatograph Chemical Separation 
and Processing Laboratory 

Quadrupole Mass  
 Spectrometer 

Wide Range Pump 

Atmospheric Inlets 

SAM Suite top assembly 

Solid sample inlets 
penetrate through 

MSL top deck 

Atmospheric inlets 
and vents located on 
side of SAM box and 
penetrate +Y face of 

MSL WEB 



take home 




