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Project aim:
• To understand rates and timing of mountain landscape evolution 

over multiple glacial cycles  

Methods: 
• We investigate all glacial cirques in Britain and Ireland (Fig. 1), and 

model the style and duration of glacier-occupation within each 
during the Quaternary (i.e., the past 2.6 Ma). 

• To model glaciers, we use a simple mass balance model driven by 
published temperature depression data from the Greenland Ice Core 
Project (for the past 120 ka), and from a benthic δ18O stack (for the 
Quaternary as a whole). Fig. 1. All glacial cirques in Britain and Ireland, 

coloured according to their depth (altitudinal range)
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Results: 
• During the Quaternary as a whole, on average, cirques of Britain and Ireland were:

- Glacier-free for 1.1 ± 0.5 Ma; 
- Occupied by small (cirque-confined) glaciers for 0.3 ± 0.2 Ma
- Occupied by large glaciers (including ice sheets) for 1.1 ± 0.4 Ma. 

- During the most recent glacial cycle specifically (i.e., the last 120 ka) (Fig. 2): 
- Glacier-free for 52.0 ± 21.2 ka; 
- Occupied by small (cirque-confined) glaciers for 16.2 ± 9.9 ka;
- Occupied by large glaciers (including ice sheets) for 51.8 ± 18.6 ka. 

Fig. 2. Cirques classified according to the duration of the last glacial cycle
(past 120 ka), that our modelling suggests they were glacier-free (white)
occupied by small, largely cirque-confined, glaciers (light blue); and occupied
by large glaciers (extending beyond cirque confines) (dark blue)



Discussion and conclusions:
• Comparing glacier occupation times to cirque depths reveals

that continuous cirque growth during glacier occupation is
unlikely (requiring average erosion rates of ~0.14 mm a-1).

• We propose that cirques attain much of their size during
the first occupation of a non-glacially sculpted landscape
(perhaps during a single glacial cycle) (i.e., erosion rate =
1.0–25.4mm a-1).

• During subsequent glacier occupations, cirque growth may
slow considerably (erosion rate = 0.05–1.2 mm a-1) because
a least resistance shape develops, and subglacial sediment
partly protects the bedrock.

• To show that cirques can form quickly, we highlight Tuya 
Butte (Fig. 3), where cirques of comparable size to those in 
Britain and Ireland developed in less than 140 ka. 

Fig. 3. Tuya Butte, northern British Columbia, where cirques of 
comparable dimensions to those in Britain and Ireland formed 

in <140 ka. 
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