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This is a report of activities from the INTERICE 4 project that ran at the Arctic Environment 
Test basin in September and October 2009. A team of 20 researchers (from Belgium, 
Denmark, Finland, Germany, Norway & U.K.) came together for a 2 phased experiment in 
which fundamental questions on the biogeochemistry of carbon during ice formation were 
addressed. In Phase 1 the formation of calcium carbonate and the influence of ice sheets on 
carbon dioxide fluxes into and out of growing sea ice was investigated. In phase 2 the effects 
of sea ice formation on dissolved organic matter was investigated in parallel with 
measurements of bacterial activity. The preliminary results of this work will be presented 
alongside a general discussion of how appropriate it is to use ice basin facilities for complex 
experimentation such as these. 

 
1. INTERICE 4 - PHASE 1 

The interaction between the marine and atmospheric carbon cycle is a critical factor in understanding 
climate change. The polar oceans play an important role in mediating the Earth's climate, for example, 
by providing an appreciable part of the global carbon sink in their surface waters and up to 80% of 
reflection of solar radiation by polar ice. Although the interplay between biology and climate change is 
a major focus of current studies, less attention has been paid to abiotic drivers that may influence 
carbon cycling and sequestration. Carbonate minerals and their production in sea ice is an unquantified 
component of the polar carbon cycle, and key aspects of their dynamics need to be studied before a 
true appreciation of their role can be assessed.  

Seawater begins to freeze at -1.85ºC, leaving its salts in the water (brine) that remains. At -10ºC 
the brine is four times saltier than seawater. Thermodynamic principles predict that under these 
conditions minerals (such as calcium carbonate) should precipitate, and there is some indirect evidence 
to support this from laboratory experiments. The consequences of carbonate formation and its 
subsequent dissolution are complex and may have a strong bearing on the carbon cycle in polar 
oceans. For example, it has been estimated that 720,000,000 t of carbon may be removed from surface 
to deep polar waters as a consequence of carbonate mineral formation in sea ice. Until recently, these 
estimates have remained subjective and speculative, because neither carbonate minerals nor their 
mineral form had been described, while the effects of physical-chemical properties on their 
precipitation and dissolution in sea ice was unknown. The recent discovery of ikaite, a metastable 
phase of hydrated CaCO3 (CaCO3.6H2O), has confirmed the presence and form of the carbonate 
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mineral in sea ice but has left us unable to assess the significance of its role in carbon cycling in polar 
oceans because controls on its production and dissolution in sea ice are unknown.  

Our aim was to perform laboratory experiments that will determine 1] whether previous 
thermodynamic modelling of ikaite formation correctly describes the onset and rate of precipitation 
and dissolution of this mineral from brine solutions typical of sea ice; 2] whether the confined 
conditions found in the brine channels of sea ice affect the manner and rate at which these processes 
occur. Our second aim was to use the stable isotopic composition of ikaite crystals to reconstruct some 
of the conditions under which the mineral precipitates in sea ice. This is currently impossible in the 
natural environment because we cannot probe individual brine pockets to derive the information that 
we need directly. A combination of oxygen and carbon isotopic measurements of CaCO3.6H2O will 
allow us to record the temperature and the properties of the brine at the scale of the brine pocket. 

Our overall aim was to try and set up conditions during freezing that represent a low pCO2 and 
high pCO2 settings. The hypothesis being tested was that low pCO2 would promote ikaite precipitation 
at all temperatures i.e. ikaite should precipitate throughout the ice and high pCO2 would inhibit ikaite 
precipitation except at the coldest temperatures i.e. maybe less mass throughout the core or maybe 
only precipitation in the upper ice layers. 

With CaCO3 precipitation/dissolution processes goes strong variability of pCO2 in sea ice, which, 
in turns, when it is permeable (autumn and spring), results in fluxes either “in” or “from” the sea ice 
with regard to the atmosphere or the ocean. This physico-chemical process concurs with other physical 
or biological processes to control the potential net CO2 sink into the ocean, which is of crucial 
importance in the anthropogenic perspective of rising atmospheric CO2 and its influence on climate. 
This experiment has thus included a close follow-up of pCO2 concentrations in ice, water and brines 
together with chamber-type fluxes measurements at the ice-air interface to try unravelling the 
dynamics of these processes in relation to calcium carbonate precipitation. 

 
2. INTERICE 4 - PHASE 2 

The pool of oceanic dissolved organic matter (DOM) is derived by biogenic sources such as algal and 
bacterial exudation, viral lysis, grazing and excretion by-products, and is removed by microbial 
heterotrophic activity and through uptake by algae capable of heterotrophic growth and metazoans. 
DOM, depending on its nature, may therefore be an available substrate to trophic flows in the food 
web, supporting the communities found within sea-ice (including bacteria, protozoa, microalgae and 
small metazoans). The supply of DOM has been argued as a more important factor in regulating rates 
of bacterial growth in the Barents Sea than temperature per se. It has also been suggested that DOM 
can affect the penetration of light and the exchange of gases at the sea surface). During sea-ice 
formation ice crystals aggregate in a matrix and the formed brine, containing the dissolved 
constituents of seawater, is expelled in a network of channels. 

It has been determined that sea ice diatoms and bacteria produced large amounts of extracellular 
polymeric substances (EPS) or mucilages, that fill the brine channels.  These mucilages are thought to 
help the diatoms to survive in the harsh conditions of the sea ice channels. The cells that remain 
metabolically active in this hypersaline brine at ultra low temperatures are living in an environment of 
such reduced free energy that the system is virtually locked up at the molecular level. It is suggested 
that the extracellular polymeric substances (EPS) may confer general benefits to ice diatoms, such as 
cryoprotection, salinity barriers and a localized microclimate. Recently it was found that brines have 
high proportion of higher molecular weight EPS. There was also evidence of increased “EPS matrix 
complexity” in the higher molecular weight fractions and in the upper part of ice cores. Such 
differences may reflect the combined effect of the production of specific EPS that could act as osmotic 
or temperature protectants, and differential loss processes (e.g. microbial degradation) within the brine 
channel environment. 

The objective of our work was to determine whether DOM and EPS behaves conservatively during 
brine exclusion caused by sea-ice formation, and the degree to which fractionation of DOM 
constituents takes place and the effects that such processes may have of bacterial activity and bacterial 
species diversity.  
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