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Liquid water oceans within our solar system provide 

intriguing laboratories for the coupled interaction be-

tween physical, chemical and biological processes 

needed to support life. Similar to Earth's ocean, physical 

processes at ocean boundaries are likely to exert strong 

control over the large-scale circulations of oceans on 

Enceladus, Europa and Titan as well as their associated 

heat and salt distributions. In contrast with Earth’s 

ocean, the overlying icy lithospheres in these worlds are 

semi-static global ceilings and a significant geodynamic 

entities unto themselves. The coupling at the ice-ocean 

interface, then, requires careful consideration, and cau-

tion when asserting analogies to Earth. 

 

In this study we focus on how the impact of ocean-

ice dynamics on ocean circulation and stratification, 

generalizing the two-column model described by Zhu et 

al. (2017). In particular, we consider horizontal convec-

tion driven by equator-to-pole buoyancy differences 

that may be in balance with latitudinal ice transport in 

the ice shell, as well as latitudinal variations in ice melt-

ing and freezing. These effects are especially relevant to 

Enceladus, where large variations in ice thickness are 

inferred (McKinnon et al. 2015, Cadek et al. 2019).  

 

Zhu et al. (2017) found that for Europa-like param-

eters, horizontal convection due to melt water at the 

equator is weaker than the convective overturning cir-

culation. This can lead to the formation of a freshwater 

layer, and the buoyancy contrast at the base of this layer 

can suppress convection and turbulent mixing.  This in 

turn modifies the heat transfer from the ocean to the ice. 

The salinity of the ocean below the freshwater layer was 

assumed to be vertically and horizontally homogeneous 

due to the overturning circulation.  However, critical 

values of circulation strength its relationship to global 

salinity distributions need to be explored. 

 

We expand our earlier model by allowing for a con-

tinuous meridional distribution of ocean properties and 

surface forcing.  The ocean also has multiple layers 

whose thicknesses are related to the vertical stratifica-

tion. The model resolves the following: interior mixing,  

adiabatic transport due to eddy stirring within density 

layers and water mass transformation at boundaries.  

These are used to evolve the thickness of the different 

layers and the migration of where these layers intersect  

ice-ocean and bedrock-ocean interfaces. Outside of 

Earth's ocean, the impact of ocean-ice coupling and 

ocean eddies on circulation and turbulent transport char-

acteristics has not been a major focus of study.  Yet, 

these processes are likely to have a primary influence on 

the thermal evolution of oceanic worlds. We hope to uti-

lize this model to advance our understanding of coupled 

ice-ocean interactions on ocean worlds, to gain insight 

into the thermal and compositional evolution of these 

worlds, and to develop hypotheses that can be tested in 

more comprehensive circulation models. 
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