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Models

Common photochemistry: hundreds of molecules,
thousands of reactions

Transport: 1-D diffusion vertical
2-D advection

3-D general circulation model



N

Solar
Radiation

Composition

Chemical

Kinstics

Evolition

3

Climate
Stabllity

Chemical
Stability

Yung and DeMore, 1999




ologically produced?

o~




_ GMm _ mgr
rkT kT

A

kT
= [—(1+ A)e
275m( i )e

escape




| Determines Evolution

Table 1.6 Jeans escape parameters for hydrogen and oxygen atoms

Planetary Temperature? Vi© Vo*
body K - Ag® ro® (cm s™%)

Jupiter 1200 0
Saturn 400 0
Uranus 810
Neptune 540
Titan 185
Triton 95
Pluto 100
fo 5G0
Mars 365
Venus 400
Earth 1200
Moon 390
Mercury 700
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The chiral Molecules of Life
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Today’s Outline

< Jupiter: The cosmic reference point

< Titan: Nature’s Laboratory of Organic Synthesis
< Mars: Is Methane biologically produced?
< Earth: The cosmic end member

< Conclusions
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Hydrocarbon Gradients




Images of Hydrocarbon Hydrology
in Titan’s Polar Regions
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C.H. Abundance
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Photochemical results
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Today’s Outline

< Jupiter: The cosmic reference point

< Titan: Nature’s Laboratory of Organic Synthesis

+Mars: Is Methane biologically produced?

<+ Karth: The cosmic end member

< Conclusions
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TaBLE 1. Nonthermal Processes Leading to Escape*

PROCESS

EXAMPLES

1. Charge exchange

B

Dissociative
recombination

3. Impact dissociation
Photodissociation

4. Ton-neutral reaction

5. Sputtering or
Knock-on

6. Solar-wind pickup

7. Ion escape
8. Electric field

H+H"*— H* + H*
O+ H"*— 0" + H*

Oy + e — O* + O
OH' + e — O + H*
Ny + e* — N* + N*
Oy + hv — O* + O*
O*+H, >OH" +H*
O + O™ — 0% + O* *
O* + H — OF + H*
O+hv—-0" +e

O™ picked up

H + * escapes

Xt + eV X*H*

PRODUCT'
N . —
N
N
N
N
N
N Photodissociation of Oxygen {O2 )
N >
I PSR
I
I © The COMET Program
I




@
E
§
>
é

200 300
Temperature (K)







Methane on Mars

* Spectroscopic detection
* Biological Production ?
* Geochemical Sources ?

Mumma et al. 2009



Table 4

Column tntegrated loss tates and timescales for methane tsotopologues

I OH columa ate T O(ID) colomn rate

hv column rate T

(cm‘2 s‘l) (years) (cm‘2 s'l) (vears) (cm'2 s'l) (yeats)
CHy 1700 x 10° It 1098 10 665 6,702 x 10° 1090
CHyD L3 x 107 31 2010 10° 03] 1620 x 10 1155
e, 1,808 x 10° 30 1165 10 665 7,048 x 10° 1104

(Nair, Summers, Miller, and Yung, ICARUS, 2005)
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This shows the residual circulation of the stream function. The solid
lines represent a clockwise flow and the dotted a counterclockwise flow.
The top left graph is for January, the top right for April, the bottom left
for July, and the bottom right for October.



Troposphere
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This is a 3D representation of the methane concentration on
Mars for the BASE model simulation for months 36 to 54. It is
evident that the most change occurs in the southern polar
regions.
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This shows the
Methane
concentration for 6
boxes in the
troposphere. Of
particular interest
is the top left
graph, which
represents the
Southern pole
where the
concentration
changes
dramatically as a
result of
condensation and
evaporation of
Carbon Dioxide.
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Cf. Anatahan, N Marianas (Credit: A. Sauter)




So the atmosphere was carbon dioxide ( CO 2)




The atmosphere was carbon dioxide (CO,)

P
o

and the ocean was carbona,uﬂj’ ate

i.e. acidic (pH 5.5)




& 4H,+ CO, | ~ CH, + 2H,0







Acidic on-axis
400°C springs
Fe,Zn,Ni,Co
Downwelling
Sea Water £ Off-Axis
\ \ 4

i | =
"\ | On-Axis

Exothermic and Conductive Heat

ET S N ' Igneous Crust
Rock

Downwelling
Sea Water

Magmatic Heat
~ - N
\ - . -
Mantle Rigid Oceanic Plate
Upwelling N N

—
—

Viscous Mantle — —

s




BlaCKkESmokeNy
&l Jo) ©, [oln] ~34
PACITICIRISE,

Too hot,

too acidic,

too oxidized &
too spasmodic




Main energy discharge
at alkaline off-axis site

Downwelling
Sea Water

Off-Axis
\ \ 4

X |
Exothermic and Conductive Heat

Mantle
Rock

Ocean

\S

eaf)
- S”'@adin
g

| On-Axis

Igneous Crust

Downwelling
Sea Water

Magmatic Heat
-~ =N
N
Mantle ~

Rigid Oceanic Plate
Upwelling NS

—
—
—

Viscous Mantle — —

s




12 July 2001 Intepnational weekly journal of science

na

nature.com

e

m sight
FUTS = S

Mars
Nature Insight

Y| Hydrothermal vents
1 k7 im the ‘Lost City’

Kelley et al. 2001,
Nature 412, 145
Science 2005, 307
Frith-Green + 2003,
Science 301, 495
Ludwig et al. 2005
EOS, 86,V51B-1487




Abiotic H, >
CH,> HCOO-> CH,COO"

0-01°C
pH 10-11, CHy4: 1-2
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Serpentinization

Marti etal. Nature Microbiol Rev 6, 805
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Serpentinization Reactions

A

(Mg,Fe),Si0, + H,O0+ C =

Mg,SiO_(OH), + Mg(OH), +

Fe,O,+H,+CH,+C,-C,
+ CHOO

Olivine + water + carbon = serpentine + brucite %
magnetite + hydrogen + methane + hydrqcarbonsi-l-formate




Lost City Vent Field
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Bach et al. 2006 Geophys: R€s: Lett, 33, L1330 State rock of California
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Can the geochemical path
be quickened through an
FeS membrane?

Recast from Maden 2000
Biochem. J. 350, 609
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Today’s Outline

< Jupiter: The cosmic reference point

< Titan: Nature’s Laboratory of Organic Synthesis
< Mars: Is Methane biologically produced?

<+ Earth: The cosmic end member

< Conclusions
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Liang et al. PNAS 2007
Li et al. PNAS 2009 (in press)




Absorption in Earth’s Atmosphere
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Extending the Lifespan by Regulating Pressure
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Testable Hypothesis
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