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Research questions:  

1) How does the atmosphere affect the duration of the magma ocean?

2) What is the composition of the atmosphere and the volatile partitioning between the atmosphere and the interior at the end of the magma ocean stage?

Interior AtmosphereMagma oceandescription
During the accretionof the terrestrial planets, in the
Hadean period (4.55-3.9 Ga), one or more magma
ocean stagesare likely to have occured, due to the
energy delivered by impactors and the energy
provided by the decayof radioactive elements [1,2].
During this stage, vigorous convection of the molten
silicatesis expected. Simultaneously, the volatiles that
degasscreate the bulk of the secondaryatmosphere.
Thestageendswhenthe rheologyfront that separates
the liquid/solid rheology, reachesthe planetsurface.

ÅA parameterization[1] isusedfor the calculationof the convectiveheat flux F2.
ÅAn iterative convergence(Tsurf,  F2) schemebasedon [6], with toleranceɲF=10-1 W/m2 isused.
ÅA 1D modelof the interior isalternativelycoupledto two atmosphericmodules.
ÅThe line-by-line [7]H2O steamonly atmosphericmodule[8] usesthe temperatureprofile of [9].
ÅThe greyatmosphericmodulefor H2O/CO2 after [10] and [11] isadopted.
ÅExperiments: Wevarythe initial volatile abundancesX0 and/or the solar incomingradiation.
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In the examined(�6�O�Q�N�B,�� �* �t�1) range,
the above �	�s values with grey
emissivityʶΣare always positive,
therefore planetary cooling is
ensured for different incoming
insolationvalues(Seebelow).
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The above net outgoing flux �(�s

depending on the incoming in-
solation, can take either positive or
negative values, for which the
planetary energy balance results in
coolingor warming (Seebelow).
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the Earth are taken from
�š�}�����Ç�[�•observed reservoirs
of one water ocean and of
the carbon dioxide amount
that residesin the carbonates
of the crust[4].

We use two alternative approaches in order to model 
the atmospheric thermal blanketingof a magma ocean:

Relevanceto habitability

Constrainingthe outgassedvolatiles during this stage,
helpsusestimatethe greenhouseeffect at the surface
and also define the compositional background on
which atmosphericlossprocesseswere driven by the
hoststar, i. e. the XUV-activefaint YoungSun[2].

Constrainingthe duration of the magmaoceanstage
provides the boundary conditions required for the
study of solid state convectiondevelopment, that is
essential for the initialisation of plate tectonics on
planets, a catalystfor habitability [3].

A. Classification of
magma oceans into 3 
types is suggested: 
1. transient 2. 
conditionally contin-
uous3. permanent.

B. A planet at the orbital 
distance of Earth with  out-
ƎŀǎǎŜŘ ŀǘƳƻǎǇƘŜǊŜ ƻŦ Ғнфл 
bar H2O is unlikely to have 
been trappedin long-term 
magma ocean at 4.45 Ga.  

C. By varying the solidification 
temperature and keeping the 
atmospheric water vapor 
constant [5], the same planet can 
demonstrate either a long-lived 
or a short-lived magma ocean.

The referencevola-
tile abundancesfor
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A. Types of magma oceans

A. B.

C.

A. During magma ocean 
evolution the atmos-
phericcomposition 
changesqualitatively 
from CO2 to H2O
- dominated [5].

B. Theduration of
the magmaocean
for the reference
Earth volatile
abundancesis less
than 1 Myr.

C. Themajority of the CO2

degassesat the surface,
whereasup to 40-10% of
H2O is retained in the
interior, dependingon its
initial concentration[5].
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