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Mars characteristics from recent observations

Radius = 3396.2 km (Earth 6398 km)
Density = 3.933 g/cm3 (Earth 5.4 g/cm?3)
Semimajor Axis = 1.52 AU

Eccentricity = 0.0935

Inclination = 25.2 degrees

Orbital period = 686 days (Earth 365 d)
Rotation period = 24.6229 hrs

Surface Gravity = 3.71 m/s?

Internal Magnetic 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

species mixing ratio minor species upper limit




Possible outgassing
on Mars?

(Mars Global Surveyor Images, 2000)
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Methane chemistry on Mars
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Possible Detectable Species - Model

(100 ppm outgassing of SO,, H,S, CH,)

Species Mixing ratio Column _ Phot_ocr_lemical
(10 km) abundance (cm?) lifetime
SO, 1.7 (-4) 1.8 (19) 40 days
H,S 1.8 (-5) 7.4 (17) 9 days
SO 1.7 (-7) 7.8 (16) 4.6 hours
CH, 1.0 (-4) 1.0 (19) 670 years
CH,O 2.8 (-11) 1.6 (13) 7.5 hours
CH,OH 4.3 (-12) 8.2 (11) 74 days
C,H; 6.4 (-12) 9.6 (11) 25 days




Mars Express PFS orbit ground-tracks

Groundtracks PFS orhits, 711 orbits, 86104 measurements,




global average methane: 1415 ppbv

EAverage of 89184 measurements; 699 orbits.

0.33 _—Synthetic Spectrum: Methane=15+/—-5 ppbv, Water Vapaur=293 ppm, Taulce=0.29
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mars methane: significant findings




wetlands,

marshes
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methane sources on Earth (1750 ppbv)
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How: serpentinization
liberate hydrogen, mix carbon, make methane (abiotic)

hydration of ultramafic silicates (olivine/pyroxene)
Si can produce serpentine, hydr?gen, and methane

Fe -+




Where (on Earth): Black Smoker hydrothermal vents
abiotic CH, by high temperature serpentinization

Juan De Fuca Ridge
depth 2222 m
exit temp 342 C
pressure 200 bar
chimney ht. 10 m
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300-500 C, sulfur-rich, highly acidic (~lemon juice)




Where (on Earth): Lost City
abiotic CH, by low temperature serpentinization

15 km from Mid-
Atlantic Ridge

30-90 C

highly alkaline
(~ammonia, milk of
magnesia)

20m high carbonate
towers

little sulfur minerals




Depth (km)

mars geotherms: liquid water stable in 2-25 km, 20-300 C
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Outgassing at Titan

« 40Ar detection

Y 2573km
(94 K)
(*PK—4Ar =
2 CH
1.3 Gyr half_llfe) clathra4tes? 2ok
° Cryovolcanism serpentization 1 556%
CH,
. CO (VIMS)
—CH,outgassing

(interior structure, after Grasset et al.)



methane origin, now or in the past

- — Geologic (or hydrogeochemical)




source strength: shorter life,
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organics and oxidants don’t mix




H,O, mixing
ratio (x10-8)
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Mid-Winter Dust Storms N%ar Hellas Planitia
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storm electric fields (triboelectricity)
change near-surface chemistry







Mars
electrochemistry




dust-induced OH production

e/ photochemical OH




model profiles of OH, H,0,

H,O, column (photochemical)
3.2x10"° cm™

dust induced (25 kV/m)
7.1x1077 cm-2
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storm electric fields make peroxide;
peroxide & products destroy surface
organics and methane




perchlorate (ClO,) on Mars and Earth

— ClI
! (odd)chlorine + (odd)oxygen — CIO, OCIO, CIO,

Clo, +OH — H(CIO,)
CIO +H,SO, — H(CIO,) + ...
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Organic (living) vs. Inorganic 3C carbon isotope V-PDB 12C/13C=89.4
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ratio of methane/(ethane + propane) with '3C (methane)

CH,/(C,H,+C_H,)
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MER, Sojourner, MSL at JPL Science Fair
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SAM Suite top assembly

Quadrupole Mass Solid Sample Inlets

Atmospheric Inlets Spectrometer X j

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

Tunable

Laser Wide Range Pump
Spectrometer

Chemical Separation

Gas Chromatograph and Processing Laboratory

SMS and Housing



take home

MSL and ExoMars will address some of the above







