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Introduction:  Interactions between Earth’s oceans 
and ice shelves are an increasingly important area for 
analog study of physical processes potentially occur-
ring on other ocean worlds in our solar system. These 
processes have the potential to redistribute ice mass via 
basal ablation and marine ice accretion, cycle entrained 
organics between the surface and subsurface through 
convection or diapirism, and, as on Earth, provide hab-
itable niches at the porous ice ocean interface. 

To investigate these processes, NASA’s ASTEP 
program funded the Sub-ice Investigation of Marine 
and PLanetary-analog Ecosystems (SIMPLE). During 
the 2012/13, 2014/15, and 205/16 Austral summer 
field seasons, SIMPLE utilized remote and autono-
mously operated submersible vehicles (ROV/AUVs) to 
explore beneath the McMurdo Ice Shelf (MIS) in Ant-
arctica, an ice starved portion of the larger Ross Ice 
Shelf (RIS) adjacent to McMurdo Base.  

 
Methods: Conductivity, temperature, and pressure 

(CTD) data, as well as visual imagery, were collected 
at depths up to 500 m with the ROV/AUVs SCINI 
(SJSU), Icefin (Georgia Tech), and ARTEMIS (Stone 
Aerospace) below and adjacent to the MIS. 

Data processing. CTD data were processed with 
the Gibb Sea Water Python module (gsw 3.0.3) ac-
cording to the TEOS-10 Standards [1] to derive abso-
lute salinity (SA, [g kg-1]), conservative temperature (Q, 
[°C]), adiabatic lapse rate [K Pa-1], and both surface 
(surface Tf) and in situ freezing points (Tf). Note that 
SA differs from practical salinity (SP, [psu]), and is re-
ported utilizing δSA from version 3.0 of the McDougall 
et al., (2012) database. 

 
Discussion: Here, we present an integrated analysis of 
oceanographic data from SIMPLE, focusing on the 
detection and seasonal evolution of supercooled waters 
exiting the MIS cavity, a phenomenon where meltwa-
ter from an ice shelves’ basal ablation zone rises to 
depths where it is cooler than the in situ pressure de-
pendent freezing point (T < Tf) [2, 3]. Supercooled 
water, in presence of nucleation particulate, can then 
form ice. This process is known as the ice pump, and 
resulting ice accretions are termed marine ice below an 
ice shelf and frazil (or platelet) ice when forming be-
low sea ice (Fig. 1) [2, 4]. 

 
Figure 1. Ice pump diagram depicting temperature and 

pressure dependent basal ice mass redistribution. 
 

The magnitude of supercooling [K] at each obser-
vation was then calculated by subtracting in situ T 
from Tf. To determine the commensurate pressure dif-
ferential required to achieve this degree of supercool-
ing, the adiabatic lapse rate [K Pa-1] was also calculat-
ed, yielding clues about minimum origin depth. 

 
Implications: We can interpret this first order wa-

ter chemistry, along with additional information like 
cell concentrations and basal ice morphology, to better 
understand how the ice pump influences nutrient dis-
tributions and habitable niches. When applied to other 
ocean worlds like Europa or Enceladus, our study will 
help inform how ice re-distribution influences physical 
and chemical ocean parameters, as well as nutrient 
concentrations at the basal interface. Organics accreted 
onto this interface can then be entrained and transport-
ed through and within the shell, and an understanding 
of these processes at several scales is important for 
future remote and in situ astrobiological investigations. 

Continued work will look to quantify ice transport 
volumes from supercooling magnitude and layer thick-
nesses, as well as assess the extent of tidal influence. 
Future field seasons are funded to deploy the 
ROV/AUV Icefin, a portable and modular submersible 
vehicle developed at Georgia Tech, again beneath the 
MIS as well as under the RIS through hot water bore-
holes to expand our ability to characterize the sub ice 
shelf environment. 

 
References: [1] IOC et al. (2010) Manuals and 

Guides No. 56, 196 pp. [2] Galton-Fenzi, B. K. et al. 
(2012) JGR 117, C09031. [3] Vick-Majors, T. J. et al. 
(2015) Limn. and Ocean. 61, 572-586. [4] Tison, J. L. 
et al. (1993) Ant. Sci. 5, 309-322. 

3609.pdfAstrobiology Science Conference 2017 (LPI Contrib. No. 1965)


