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Supercool Brinicles
Een ‘brinicle’ is een stalactiet van ijs – een soort ijspegel onder de
zee die groeit uit onderkoeld water. In dit Engelstalige artikel
bespreekt Lizzy Rieth de fysica van deze ‘fingers of death’.

Brinicles growing under sea ice in Antarctica. Image: Rob Robbins, US Antarctic
Program, via reference [2].
In today’s article, I would like to introduce you to a natural phenomenon that is, quite
literally, supercool. Brinicles, also known as brine icicles, are underwater ice formations that
resemble the stalactites that can be found in caves. Brinicles can range from just a few
centimetres to several metres in length and form in Arctic or Antarctic seawater when the
ocean surface freezes into a layer of pack ice, also known as drift ice.

https://en.wikipedia.org/wiki/Brinicle
https://en.wikipedia.org/wiki/Stalactite
https://en.wikipedia.org/wiki/Drift_ice


Supercool Brinicles

Bron: https://www.quantumuniverse.nl/supercool-brinicles pagina 2/5

As seawater begins to freeze, crystals start forming from water molecules. In this process,
impurities such as salts and minerals get expelled from the ice, creating a porous structure.
Within these porous cavities, trapped seawater can become highly saturated in seasalt,
forming a liquid known as brine. [1]

This process has important physical consequences, as liquids with a higher salt
concentration  have a significantly lower freezing point. This is because the dissolved
minerals hinder the formation of ice crystals and permit the brine to enter a supercooled
state, remaining liquid even well below the usual freezing temperature of seawater. Under
the pack ice, the seawater temperature remains relatively stable at about −2 °C, whereas
the brine trapped in the ice can cool down to temperatures as low as −20 °C.

At the same time, its high salt content makes the brine significantly denser than the
surrounding water. Thus, as the brine is heavier than regular seawater, it can start to leak out
of the ice and form a downward-flowing jet. As the brine creeps towards the sea bed, it
comes into contact with the relatively warmer seawater. The extreme temperature difference
causes the surrounding water to freeze instantly, forming a hollow tube of ice around the
descending flow. In a sense, you could thus consider a brinicle to be an inverted icicle. While
ordinary icicles, or ice-stalactites, form when cold air freezes downwards-flowing water in
layers, brinicles grow as extremely cold descending liquid freezes the surrounding seawater.
This is why scientists actually prefer the term brinicle over “sea-ice stalactite.”[1]

https://en.wikipedia.org/wiki/Brine
https://www.quantumuniverse.nl/voorkom-stukgevroren-flessen
https://www.quantumuniverse.nl/voorkom-stukgevroren-flessen
https://en.wikipedia.org/wiki/Icicle
https://www.quantumuniverse.nl/waarom-ijspegels-ribbels-hebben
https://www.quantumuniverse.nl/waarom-ijspegels-ribbels-hebben
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Figure 1. The formation of a Brinicle. Seawater freezes at the surface (1), expelling
impurities and creating a porous ice structure. Brine forms in the cavities and remains liquid
as it cools further (2). Once released, the denser brine flows downward, freezing surrounding
seawater (3) and extending toward the sea bed (4). Image: Nix Sunyata, via Wikimedia
Commons (CC BY 4.0).

At the beginning of their formation, brinicles have thin walls and are fragile. However, under
the right circumstances; i.e.,  minimal ocean current and suitable temperature, salinity, and
depth conditions; a steady flow of supercooled brine can thicken the ice walls and stabilise
the structure. The tube of ice surrounding the brine moreover acts as insulation which
reduces heat exchange with the warmer surrounding seawater. This causes the brine to
remain in its supercooled state and allows the brinicle to continue growing downward as long
as the flow persists.

In this way, brinicles can sometimes grow all the way down to the sea bed, leading to a 
rather dramatic phenomenon known as the “finger of death.” As the brinicle extends, it

https://commons.wikimedia.org/wiki/File:BRINICLE_FORMATION_nixsyt.gif
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resembles a long icy finger reaching downward. When it finally touches the ground, the brine
continues to leak from the column and flows outwards along the ocean floor. Because this
brine is so much colder, it immediately freezes the surrounding seawater upon contact, thus
creating a spreading sheet of ice. Unfortunately, unsuspecting marine animals like sea
urchins and starfish are adapted to relatively stable temperatures at the seafloor and can
thus become trapped in this rapidly forming ice-web and freeze.

Figure 2. The brinicle reaches the sea bed. The brinicle extends downward until it
reaches the sea bed (5). Upon contact, supercooled brine spreads outward, freezing the
surrounding seawater and everything in its path (6). Image: Nix Sunyata, via Wikimedia
Commons (CC BY 4.0).

The spectacular phenomenon of the “finger of death” was captured in the BBC documentary
Frozen Planet in 2011. You can skip ahead to 1m45s in the video below to see the brinicle
grow and perform its “touch of death” in real time. Remarkably, although brinicles have
reportedly been studied since the 1970s [2], this 2011 documentary was the first instance in

https://commons.wikimedia.org/wiki/File:BRINICLE_FORMATION_nixsyt.gif
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which divers achieved to fully catch the phenomenon on camera [3].
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