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Ice ridge characteristics by geographic region 
WHY STUDY ICE RIDGES? 
An ice ridge refers to a line or wall of broken ice pieces (rubble) that 
are forced up by ice movement and pressure, with a submerged keel 
consisting of broken ice. Ridges may also become grounded on the 
seabed (then called stamukhi), and later become mobile again.  

Deformed ice features such as ridges often pose hazards to 
operations in arctic and subarctic waters. In many cases, ice ridges 
govern the design of offshore petroleum exploration and production 
structures. Ridges also hinder ship navigation, and can gouge the 
seabed and damage subsea installations. Various ice ridge 
characteristics are important for offshore engineering problems, 
including overall dimensions of the deformed ice feature, and its 
strength and degree of consolidation.  

The present analysis uses over 40 years of field data on the 
morphological characteristics of ice ridges collected by numerous 
researchers in cold regions worldwide.  

COLDTECH RIDGES DATABASE 
A database has been created with information on over 600 ridge 
cross-sections.  The first ridge database was compiled by Timco and 
Burden (1997), and was updated by Sudom et al. (2011) for the 
ColdTech project.  Strub-Klein and Sudom (2012) also published a 
more detailed compilation of first-year ridges.  For ColdTech, publicly 
available field data have been compiled on first-year, second-year 
and multi-year ridges from: 

• Arctic regions: Barents Sea, Svalbard waters, Fram Strait, 
offshore Russia, Beaufort Sea, Bering and Chukchi Seas, and 
Canadian Arctic Archipelago and East Coast (Labrador) regions. 

• Temperate regions: Baltic Sea (including Gulf of Bothnia), Sea of 
Azov, Offshore Sakhalin, and Canadian Maritimes region.  

POROSITY AND CONSOLIDATED LAYER OF 
FIRST-YEAR RIDGES 
A parameter of great importance for first-year ridges is the thickness 
of the consolidated or refrozen layer, as it will generally produce a 
greater load on a structure than the keel. When a ridge initially 
forms, it is unconsolidated. In an environment with freezing 
temperatures, the consolidated layer begins to form as the water 
between the ice blocks near the water line freezes. As freezing 
progresses the thickness of the consolidated layer increases. The 
macro-porosity is a measure of the amount of voids (either air or 
water/slush) in the ridge.  

First-year ridge macro-porosity is typically about 25%, and the 
average consolidated layer thickness is 1.7 m (generally about 
double that of the surrounding level ice thickness). 

VARIABILITY IN RIDGES 
Ridges exhibit considerable variability, both within a ridge itself, and 
in comparison to other ridges in a region. Figure 3 gives an example 
of the variability in keel depth for measurements within singular 
ridges, which may be compared to other ridges in that region or to 
ridge measurements over all geographic regions. 
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Figure 2. Maximum sail height vs. maximum keel depth for second-
year and multi-year ridges; red asterisks [*] indicate grounded ridges 

Figure 3. Range of maximum keel depth values for two ridges in the 
Barents Sea, compared to other Barents Sea ridges and to ridges in all 
regions. Coefficient of variation is given above bars. (Adapted from Strub-
Klein and Sudom, 2012) 

Figure  1. Maximum sail height vs. maximum keel depth for first-year 
ridges; red asterisks [*] indicate grounded ridges 
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Geographic regions for which field 
data on ridges have been published 
(from Strub-Klein and Sudom, 2012) 

RIDGE GEOMETRY 
There are major differences between first-year and old (second- or 
multi-year) ridges. Over time, the protruding ridge sail melts away 
and the surface of a ridge becomes smoother. Old ice ridge keels 
are generally slightly less deep relative to the sail height, compared 
to first-year ridges. While the keels of first-year ice ridges are mostly 
composed of unconsolidated rubble, field data shows that old ice 
ridge keels can be almost completely consolidated (at least to 
depths of 10 – 15 m).   

Ridge lengths can vary greatly; lengths from several metres to 
several kilometres have been measured, but a typical length is on 
the order of 100 m. Maximum keel widths are typically about 40 m 
while sail widths are about half that value. 

Ridge measurements during ColdTech field work from KV Svalbard, 2013. Drilling  
with augers is used to measure ridge thickness and feel for voids or gaps in the 
ridges. Surveying is performed to measure sail geometry. Ice samples are also 
taken for assessment of ice strength and crystal structure. 

First-year ridges Second-year and 
multi-year ridges 

Floating ridge keel depth: 
Average 
Median 
Maximum 
Standard deviation 
Number of ridge cross sections 

8.5 m 
7.7 m 

28.0 m 
5.2 m 
346 

9.7 m 
7.8 m 

37.0 m 
7.0 m 
115 

Floating ridge keel depth to sail height ratio: 
Average 
Median 
Standard deviation 

4.7 
3.8 
3.8 

3.7 
3.0 
2.4 

Grounded ridge keel depth (water depth): 
Average 
Standard deviation 
Number of ridge cross sections 

11.0 m 
5.1 m 

97 

16.9 m 
3.5 m 

6 
Grounded ridge keel depth to sail height ratio: 

Average 
Standard deviation 

2.4 
1.4 

2.1 
0.9 

Table 1. Statistics on ice ridge geometry 

Schematic of typical first-year ice ridge (from Strub-Klein and Sudom, 2012) 
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Entire 
ridge (%) 

n Sail (%) n 
Keel 

rubble (%) 
n 

Svalbard 23.2 3 14.0 1 7.0 1 
Barents Sea 27.0 9 18.7 13 26.9 14 
Russian Arctic Ocean 13.0 3 4.7 3 14.3 3 
East Coast Canada -- 0 15.0 6 -- 0 
Baltic Sea 30.8 41 20.0 24 29.5 24 
Offshore Sakhalin 16.3 3 33.0 3 22.0 3 
All regions 22.1 59 17.6 50 19.9 45 

Table 2. Macro-porosity of first-year ridges (percent of voids in drilled 
holes); n = number of measurements (from Strub-Klein and Sudom, 2012) 

  
Level ice 

thickness (m) 
Consolidated layer 

thickness (m) 
  avg n max n avg n 
Bering and Chukchi Seas 0.82 49 12.07 36 2.09 37 
Beaufort Sea 1.48 19 7.62 25 1.71 10 
Svalbard waters 1.05 16 5.41 20 1.37 19 
Barents Sea 0.76 7 4.53 7 1.47 12 
Russian Arctic Ocean 2.13 3 -- 0 0.38 1 
East Coast Canada -- 0 12.4 6 1.62  20 
Baltic Sea 0.53 37 2.03 10 0.86 19 
Offshore Sakhalin -- 0 -- 0 -- 0 

Table 3. First-year ridges: thickness of  consolidated layer and of 
surrounding level ice; n = number of measurements (from Strub-Klein and 
Sudom, 2012) 

Based on average 
CL thickness in 

ridge 

Based on maximum 
CL thickness in 

ridge 

CL thickness 1.7 m ±0.9 m 2.7 m ± 2.0 m 

Number of measurements 133 137 

Ratio of CL thickness to 
surrounding level ice thickness 

2.4 ± 1.5 3.8 ± 3.2 

Number of measurements 65 65 

Table 4. Averages and standard deviations for consolidated layer thickness 
(CL), and ratio of CL thickness to surrounding level ice thickness, for first-
year ridge field measurements from all geographic areas 

METHODS OF DATA COLLECTION 
Most data on ridges have been collected by means of ice drilling and 
manual survey methods, sometimes along with upward-looking sonar 
for keel profile measurements. The thickness of the consolidated 
layer is usually determined by drilling (mechanical or thermal) and 
detecting voids by “feel” or by rate of drill penetration.  Another 
method that can be used to provide detailed information on ridges in 
landfast ice is to freeze thermistor strings in situ, and analyse the 
temperature evolution with depth. 

0

5

10

15

20

25

30

0 5 10 15 20 25

K
ee

l d
ep

th
 (m

)

Sail height (m)

Baltic Sea
Svalbard waters
Canadian Maritimes
Sea of Azov
Offshore Sakhalin
Barents Sea
Fram Strait
Beaufort Sea
Bering/Chukchi Seas
Canadian Arctic Archipelago
Offshore Labrador
grounded

0

5

10

15

20

25

30

35

40

0 2 4 6 8 10 12 14

K
ee

l d
ep

th
 (m

)

Sail height (m)

Fram Strait

Beaufort Sea

Canadian Arctic Archipelago

grounded

Number of ridge cross 
section measurements in 
ColdTech Ridges Database, 
by geographic region 

10%
15%

32%

61%

0
5

10
15
20
25
30

Barents Sea 2008 
ridge,

4 cross sections

Barents Sea 2007 
ridge,

4 cross sections

All Barents Sea 
ridges, n=19

Ridges in all regions, 
n=321

M
ax

im
um

 k
ee

l d
ep

th
 

ra
ng

e 
(m

)


	Slide Number 1

