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Delivery of Volatiles to the Giant Planets – Solids 

Amorphous ice
Owen et al. (1999), 
Bar-Nun et al. (2007) Clathrates + pure condensates

Gautier et al. (2001), Mousis et al. (2009, 2012)
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Gas opening and consequence for the accretion of 
pebbles/planetesimals

Crédit. F. Masset

Pollack et al. (1996)

Gap formation halts the accretion of 
pebbles -> Giant planets supersolar
metallicities cannot be acquired
during the growth of the envelope!! 

(Lambrechts & Johansen 2014) 



Delivery of Volatiles to the Giant Planets – Vapors

Production of amorphous ice via
photoevaporation (Monga & Desch 2015)

Release of volatiles at the ACTZ
(Mousis, Ronnet, & Lunine 2019)



Release of volatiles from the ACTZ: delivery of enriched
gases vs protosolar toward Jupiter’s formation zone

Evolution 
of the 
disk’s gas
phase 
metallicity

Mousis, Ronnet & Lunine (2019)



Release of volatiles from various snowlines: the case of pure 
condensates

Ice line
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Release of volatiles from various snowlines: the case of pure 
condensates

Time evolution of radial profiles of C (left panel) and O (right panel) in the PSN, 
normalized to their respective protosolar abundances. Solid and dashed lines are used to 
identify the trace species in solid and gaseous phases, respectively. 
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Signatures of the different scenarios of volatiles delivery 
in the envelopes of Uranus and Neptune
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Amorphous ice

Disk instability

Vapors released from ACTZ 
and snowlines

Assumptions of i) homogeneous mixing and 
ii) measured C abundances are 
representatives of the bulk values. 

Calibration is done on a C abundance 
assumed to be 80 times protosolar. 

Top panel: volatiles delivered via disk 
instability or amorphous planetesimals in 
the framework of the core accretion model 
Volatiles delivered as vapors desorbed from 
the ACTZ or resulting from the sublimation 
of pure condensates at their respective 
snowlines display subsolar abundances in 
the envelopes. 

Bottom panel: atmospheric signatures of 
volatiles accreted in the ice giants in forms 
of pure condensates (red lines) or 
clathrates (orange lines).Mousis et al. (2020)



Conclusions
• There is no unique scenario of delivery of volatiles to the giant

planets
• Volatiles may be supplied to the giant planets in solid form, 

gaseous form, or in both forms!
• The in situ measurement of the noble gases in Uranus and 

Neptune should, in principle, shed light on the delivery
mechanisms that were at play during formation

• The delivery mechanisms that were at work in the cases of 
Jupiter and Saturn may have been different from those in the 
cases of Uranus and Neptune –> link between the mass of the 
planet and gap formation


