
 
 
 
ARCTIC OCEAN STAIRCASE DISCOVERED 

Scientists at Southampton University have confirmed a surprising feature in the Arctic Ocean, a staircase! 
During March and April this year a group of explorers successfully trekked over 300km from near the North Pole 
towards Greenland. Each day they drilled a hole through the ice and measured the conductivity (salinity), 
temperature and depth of the water.   

FIG.1. shows the 
temperature of the water 
from 150m to 310m and a 
clear step-like structure. 
These steps increase in size 
with depth but decrease in 
size towards Greenland. 
The step size varies from  
over 50 metres near the 
North Pole to a few 
centimetres closer to 
Greenland. 

 
 
Thought to be widespread but easier to predict than find, especially in severe polar conditions, these 

staircases are created because of temperature and salinity gradients and, along with the increasing pressure (depth), 
create the density of water. Less dense water lies above denser layers and without some form of stirring, water of 
different densities will not easily mix, like in an unstirred cup of coffee with cream added. Most mixing comes from 
the wind and tides but also from large increases in density as ice forms and salt is rejected into the water, sinking 
rapidly and adding energy to deeper layers and driving large scale circulation.  

However, even without mixing molecules of heat and salt do diffuse slowly into colder and less salty layers 
trying to even out differences. The heat moves about fifty times faster than the salt making the water above 
warmer, a little saltier but importantly slightly less dense. As the water below has lost some of its heat but less of its 
salt it becomes slightly denser and this process creates areas of sharper contrast between successive layers, hence 
the steps.  

This process is very important because it may affect the strength of the Meridional Overturning Circulation 
(MOC), part of which is the Gulf Stream which keeps the UK warmer in winter than places on the same latitude such 
as Canada. The MOC sees water returning after a 1000 year journey via the Pacific Ocean, replenished with heat, to 
the Arctic Basin, allowing the deep ocean to be fortified with, for example, oxygen and nutrients from the surface.  

The staircase allows heat to be taken from these warmer, deeper Atlantic waters upwards towards the 
colder surface Arctic waters and the ice cover, a cover which is currently insulted from deeper warmer layers by a 
colder fresher layer of lighter water.  Although the density of this layer will initially decrease as it becomes warmer, 
making it lighter and enhancing stability, this warmer layer could eventually melt the ice. The result could be the 
disappearance of the staircase as temperature differences become much smaller, as happens below 310m in many 
of the above profiles. Monitoring the temperature and size of these steps could be a good indication of whether or 
not traversing the Arctic Ocean will soon only be possible by boat as waters warm and the ice disappears completely.  
 
 
 

Figure 1. Staircase in the Arctic Ocean 


