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Element
abundance:
Bulk Silicate
Earth

(Schaefer et al., 2012)
Pressure:
100 bar

Herbort
et al. (2020)
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Near crust atmospheric composition

R A ma e e ianananaananes Tl s
0.0k Gas phase BSE i I T Na
Ny
fN\N A~ e l\qg
I‘
| i TE— 0, Fe
. Ny
B ' - O,
—05F :E - o;{
| :.
3 o = NaO
S R
3 - H L —  MgO
& H : $i0
s -1.0F . ' LI CrO
g | Rleaell — o
[ ' ' ‘e == CO,
] [ P,
| ! . ' " CrO,
15k ! : ' : NaOH
- ' ' B — H,0
l ' ' o .
. Y 50
I S
| ' ¥
2.0 T F T S -
: 1000 2000 3000 4000 5000
T[K]
24.07.2020 N 13

Atmospheres of Rocky Exoplanets



Only  phyl-
losilicates for
T <T750K
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Where is the water

?

0.0

Hydrogen species for BSE

Hy0,,

—-0.5+

—-1.0F+

Nl ASLOLLSodaphlogopite -

|
.
ul
I

logl() nmol/n<H>
N
o
I

KMg3AlSi;0,H, s P h | Og 0 p Ite

No water condensates
Phyllosilicate formation

—-2.5F ]
o
-3.0} Q 1 |4
—35} {;' .
s =]
« O
-
_4.9 1 1 1 1 1 1 el | P
00 200 300 400 500 600 700 800 900 1000
T K]
Atmospheres of Rocky Exoplanets 24.07.2020 5 Bk}



What do we need to form water?

I I I I I I I I
0.0} i
Hydrogen species for BSE +10% H
............................ )
Element —0sF )
abundance:
-10f -
BSE +
H = o1k .
g
=
. =}
Various g ook Mg3Si O 1o Ho|s] JRSLIEIETE TS ¢ Ao
e = \o‘
phyllosilicates| g
& Ho[g] ~ _25A10,H[s| J
FFeALSiOH, 5]
J NaMg; AlSi;0,,Ho 5]
-3.0F N i
3k Meg;Si,OgHL s | |
Herbort : CasAlySiz 013 Hls|
— 1 1 e 1 1 1 1 1
et al. (2020) “f00 200 300 400 500 600 700 800 _ 900 1000

T K]
Oliver Herbort Atmospheres of Rocky Exoplanets 24.07.2020 g 13




What do we need to form water?
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What do we need to form water?
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Element
abundance:
Cl chondrite

(Lodders et al., 2009)

100 bar
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Natural rock resulting in water condensates
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Signatures of biology
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Building an atmosphere bottom to top

Atmosphere
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Building an atmosphere bottom to top
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Atmosphere based on Cl chondrite

Gas phase Cl 1 bar
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Atmosphere based on Cl chondrite

Cloud condensates Cl 1 bar
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Cloud diversity based on ClI chondrite

Individual clouds Cl with logi Neloud zngab > —20.0 :
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Cloud diversity based on ClI chondrite

All clouds Cl with log n.oud/Teas > — 20.0
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Cloud diversity based on ClI chondrite

Water containing clouds Cl with log n.ouq/7eas > — 20.0
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Cloud diversity based on Cl chondrite

20 Sulfur clouds Cl with log 11,4 /7. > — 20.0
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Element
abundance:
Cl chondrite
(Lodders et al., 2009)
Surface

1 bar

Carbon

Cloud diversity based on ClI chondrite

Carbon clouds Cl with log 1,4 /7. > — 20.0
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Cloud diversity based on Cl chondrite

2.0 Chlorine clouds Cl with log 1,4 /M > — 20.0
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Cloud diversity based on ClI chondrite

2.0 Magnesium clouds Cl with log n.ouq /7 > — 20.0
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Link between clouds and surface water

Water clouds for BSE abundances

El
Water ?
clouds  for z
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= Only oversaturation of phyllosilicates can result in stable
water as a condensate

— Herbort et al. (2020)

= Our models show the possible coexistance of CHy and CO,
— Woitke et al. (submitted)

= Crust composition constrains cloud composition and location

— Use clouds to determine surface conditions
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Relaxation time towards chemical equilibrium

A _1
Tcond — (Vthv Va)

Solid diffusion for a length Aa
Duschl et al. (1996), Gail & Sedlmayr (1999)

(Aa)?
1 —E
3A%vexp (kB—%)
Rearrangement in the lattice structure
Chemisorption of surface water (Thi et al., 2018)
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Conden-
sation
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