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Introduction:  Without in situ information about the 

conditions of the ice-ocean interface on other planets, 

terrestrial analogs will provide the menu of options from 

which to choose as we cobble together the best physical 

processes to consider in modeling these new worlds and 

interpreting data from them.   As part of an ongoing 

development of under-ice exploration technology 

geared at enabling planetary science research as well as 

accessing previously unknown regions of the Antarctic, 

we have had the opportunity to observe ocean 

interactions in a variety of systems and on a variety of 

scales from shallow accretionary environments 

powered by a long-range ice-pump circulation in large 

ice shelf cavities, to ocean-sea ice interactions that 

provide constraints on how ice formation at the interface 

may operate on other worlds, to places where the ocean 

is actively altering the base of deep draft ice, to rift 

zones where ocean and ice dynamics interact to produce 

surficial and basal signals.  Here, we focus on how we 

have been using in situ oceanographic data to capture 

the dynamic interaction between water and ice.  The 

scale of these ocean-ice processes allows us to begin to 

capture the how similar forcing may operate on worlds 

like Europa. 

Through two separate programs we have used the 

novel Icefin vehicle to explore basal ice conditions, ice-

ocean interactions, and environmental conditions from 

the ice to the sea floor beneath the McMurdo sound sea 

ice, the McMurdo Ice Shelf, the Ross Ice Shelf, and now 

Thwaites Glacier. Icefin is a scientifically capable 

hybrid AUV/ROV vehicle that conducts a variety of 

survey missions tailored to our science objectives to 

provide an integrated, three-dimensional picture of the 

conditions below the ice.  Icefin has been conducted 

over 44 under ice missions 17/18, 18/19, and 19/20 

austral summers, amassing over 100 hours of data.  In 

cooperation with the Antarctica New Zealand Ross Ice 

Shelf Programme, PI Christina Hulbe, NASA PSTAR 

project RISE UP (Ross Ice Shelf & Europa Underwater 

Probe) deployed Icefin through a borehole at the 

grounding line of Kamb Ice Stream, part of the Ross Ice 

Shelf.  As part of the Thwaites-MELT project of the 

NERC-NSF International Thwaites Glacier 

Collaboration, Icefin will be deployed to the grounding 

zone of Thwaites Glacier, the fastest changing glacier in 

the Antarctic, in early 2020 to access previously 

unmapped regions of the sub-shelf water column to 

understand the effect of climate change in West 

Antarctica. 

Icefin Vehicle: The Icefin vehicle was developed 

under Schmidt’s startup and redesigned under the 

NASA PSTAR RISE UP. The vehicle includes 

instrumentation for mapping geophysical and ocean 

environments. The Icefin ROV was developed at 

Georgia Institute of Technology to enable subglacial 

and borehole-based science operations, making the deep 

polar ocean under ice more accessible. Icefin is 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 

subglacial environments [1].  

 

 
Figure 1: Icefin underneath the sea ice in McMurdo 

sound.  The vehicle is modular to allow for maximum 

scientific flexibility and low logistics. Its form factor is 

designed to allow for deployment through boreholes. 

Credit: Rob Robbins. 

The guidance navigation and control of Icefin allow 

for efficient collection of scientific data through the 

fusion of an advance fiber optic gyro (FOG) inertial 

measurement unit (IMU), compass, DVL, altimeter and 

pressure sensor for low-level motion control and high-

level localization. Icefin also includes vehicle health 

sensors such as leak detectors and power remaining 

useful life. The vehicle is deployed horizontally or 

vertically through a drill hole and supervised by a 3 mm 

diameter Kevlar-reinforced fiber optic tether rated to 

600 lb with a strength-enforced termination at the 

vehicle and a length of 3.5 km for communication, data 

retrieval, and vehicle recovery. The vehicle’s thruster 

design provides control for full holonomic five degrees 

of freedom with no protruding surfaces. This allows the 

vehicle to easily control pitch, yaw, heave (up and 
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down) and sway (side-to-side). The thruster 

configuration provides the stabilization that is necessary 

to hover in the water for data and image collection 

missions, and eventually for sampling. 

Field observations:  Here, we present direct 

observations from Antarctica to link the physical ocean 

state (thermal driving) to variable melt or accretion-

dependent basal ice conditions, and discuss implications 

for these processes on the Ocean Worlds.  For the 2018 

field season, we targeted a wide variety of ice-mediated 

environments to better understand how temperature, 

pressure, and salinity determine the range of basal ice 

textures. These sites included McMurdo Ice Shelf, 

marine-terminating glacial ice (Erebus Glacier Tongue, 

Barne Glacier), and single/multiyear sea. 

We observed basal melt occurring beneath deep 

(200-350 m thick) glacial ice, platelet/marine ice 

accretion beneath McMurdo Ice Shelf, and platelet ice 

accretion beneath sea ice. These analog observations 

allow us to compare the different pressure, temperature, 

and salt-dependent ice regimes that result from similar 

ice ocean interactions hypothesized for Europa. 

 

 
Figure 2: Map of Icefin surveys of the McMurdo Ice 

Shelf rift during the 2019-2020 austral summer (Google 

Earth imagery).  These provide both along rift and 

cross-rift data for both glaciological/ice dynamics and 

ocean conditions. 

In 2019-2020, we extended our observations to 

survey a long rift in the McMurdo Ice shelf.  In total, we 

traversed over 4km of the rift, from where it began as a 

narrow creack to locations where it split into a complex 

of fractures over 40m wide.  Ice shelf rifts are interesting 

analogs for planetary ice shell fractures, since they are 

regions of dynamic fracture and healing of the ice via 

refreezing.  We present the first data from below a rift 

in Antarctica. 

Further, we present the first data from below Kamb 

Ice Stream and Thwaites Glacier gathered in late 

2019/early 2020. 

Local-scale ice-ocean interactions:    In each of 

these environments, we find a host of different scale 

features related to ocean influence from thin brine 

channels were sea ice formed water carves the surface 

of the glacier, to small cupped textures at shallow depths 

to large scale undulations near the base of the glaciers.  

In particular, we observed changing scales in the erosion 

of the base of the Erebus Glacier Tongue from near its 

grounding line to 5km downstream, allowing us to 

observe how these interactions change with time and 

depth, and providing a window into the rates at which 

these interactions occur. Similarities between the 

features observed at shallow depths for all three glaciers 

may suggest the importance of turbulent flow.   

 

 
Figure 3: Map of Icefin surveys below the Erebus 

Glacier Tongue in the austral summer 2018-2019 

season.  Icefin encountered the grouding zone of EGT 

at the back of Dive 11, and swam into channels with 

total ocean column thickness down to ~1m below the 

~300m thick ice tongue. 

 

Conclusions:  Onboard Icefin, we can collect data from 

two sonars, two cameras, a DVL/ADCP, and sensors for 

conductivity & temperature, depth, pH/ORP, DO, 

CDOM/FDOM and turbidity. We present several 

examples and preliminary interpretations of these new 

data as new constraints on how to think about the 

interaction of large and small scale thermohaline 

circulation on planetary ices.  Moreover, we discuss 

how Icefin, and vehicles like it, can act as platforms for 

ground-truthing instrumentation for future robotic 

missions to ocean worlds.  Antarctica hosts a wealth of 

important analogs for planetary processes, and 

planetary exploration technology will continue to play 

an important role in the exploration of Antarctica, if it is 

scoped to address questions for both environments. 
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