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Introduction:  The boundary between ice shell and 

interior ocean is an important interface for constraining 
spatial fluxes of ice, ocean circulation, and vertical 
transport of material both to and from the surface. On 
Earth, gradients at the ice-ocean interface also support a 
variety of circulation and morphology-dependent eco-
logical niches. Terrestrial analog environments can help 
to better understand these processes- in Antarctica spa-
tially varying basal melt and accretion drives basal ice 
transport and determines morphology in regimes rele-
vant to icy moons. 

Ice pump:  The near isothermal waters and deep 
draft ice characteristic of Antarctica’s cold-cavity ice 
shelves present a unique system where both basal melt 
and accretion occur due to the negative pressure de-
pendence of the freezing point of water. This cycle is 
termed the ice pump [1]. When ice melts (due to positive 
thermal driving) at depth where the freezing point is 
lowered, it can become supercooled (negative thermal 
driving) as it upwells into shallower regions with higher 
freezing temperature. Ice can precipitate in the water 
column or at the interface and drive marine ice accre-
tions [2, 3]. Ice pumping is hypothesized to operate on 
Europa in a similar manner and may control basal to-
pography as well as the flux of entrained material (salt, 
organics) in and out of the ice shell [4-7]. 

Field observations:  Here, we present direct obser-
vations from Antarctica to link the physical ocean state 
(thermal driving) to variable melt or accretion-depend-
ent basal ice texture. Between October and December 
2018, we operated the ROV Icefin for over 75 hours dur-
ing 22 dives as part of the NASA-funded RISE UP pro-
gram (Ross Ice Shelf and Europa Underwater probe, PI 
B. E. Schmidt). 

Methods:  The Icefin ROV was developed at Geor-
gia Institute of Technology in Dr. Britney Schmidt’s 
Planetary Habitability and Technology lab for subgla-
cial and borehole access. Icefin is 1500 m rated, 110 kg, 
4 m long, and 0.24 m in diameter with approximately 2 
km maximum range. Modular payloads include a CTD 
(conductivity, temperature, pressure), dissolved oxygen 
sensor, sonar, and imaging systems among other sensors 
to enable physical observations in challenging subgla-
cial environments [8]. 

Field locations. For the 2018 field season, we tar-
geted a wide variety of ice-mediated environments to 
better understand how temperature, pressure, and salin-
ity determine the range of basal ice textures. These sites 
included McMurdo Ice Shelf (MIS), marine-terminating 

glacial ice (Erebus Glacier Tongue, Evans Ice Wall, 
Barne Glacier), and single/multiyear sea. We addition-
ally utilized sonar to profile evolving fracture and cre-
vasses zones at the edge of MIS [9].  

Observations:  MIS contains englacial brines [10], 
which observations suggest may further influence basal 
ice morphology in these fractured regions (Fig. 1). We 
find basal melt occurring beneath a range of (50-350 m 
thick) glacial ice [11, this meeting], platelet/marine ice 
accretion beneath McMurdo Ice Shelf, and platelet ice 
accretion beneath sea ice. Brine hydrology within ice 
shelves can further modify basal ice textures. These an-
alog observations allow us to compare the different 
pressure, temperature, and salt-dependent ice regimes 
that result from similar ice ocean interactions hypothe-
sized for Europa. 
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Figure 1. Multibeam image of 50 m rift at MIS edge. 
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