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Context   
The Kerguelen archipelago is (49°S, 69°E), the largest glaciated area in sub-Antarctic regions with 

numerous terrestrial glaciers. These glaciers show current retreat rates among the highest in the world 

mostly due to drier conditions. This observation needs to be evaluated in a long-term context. However, 

data on the past glacier extents are sparse in the sub-Antarctic regions.   

Objectives  

Our aim is to constrain the timing of glacier changes in Kerguelen over the last 45 000 years, which 

offers a unique opportunity to investigate the local climate mechanisms responsible for possible 

asynchronies between glacier changes in the Atlantic, Indian and Pacific zones of the sub-Antarctic area. 

 

Main results  
We present the first direct dating of glacier fluctuations at Kerguelen from 54 new 36Cl cosmic-ray exposure ages 

obtained from roche moutonnee surfaces, erratics and boulders collected from different locations. We combine 

these 36Cl ages with multibeam bathymetric data and radiocarbon ages from glacio-marine sediment cores 

collected in a fjord. These new chronologic data allow us to discuss glacier advances and retreats over the past 

45 000 years on Kerguelen and compare this chronology with other Southern Hemisphere glacier chronologies and 

other proxy records. 

Ice began to retreat on the eastern part of the main island before 41.4 ± 4.4 ka (fig. 1). Over the time period lasting 

from ~41 to ~29 ka, glacier shrinkage generally continued, possibly interrupted by stagnation or minor advances. 

After ~24 ka, the glaciers continued to retreat until the Antarctic Cold Reversal (ACR) period (14.5-12.9 ka) 

during which several glaciers readvanced. Deglaciation continued during the Holocene probably until 3 

ka with evidence of minor advances during the last millennium.  

Comparing our findings from the southern Indian Ocean with other sub-Antarctic glacial chronologies located in 

the South Pacific (New Zealand) and South Atlantic regions (Patagonia) reveals intriguing features. The presented 

cosmic-ray exposure ages indicate that glacier retreat occurred in Kerguelen roughly 41 ka ago with a preceding 

glacier advance that must have been larger than that during the LGM. These findings do not fully correspond to 

what is documented in the two other regions. The glacier evolution during the Holocene also differs from 

what is known in other south hemisphere mid latitude regions such as Patagonia or New Zealand.  

Our glacier record at Kerguelen shows complex relationship with climate conditions documented in 

Antarctica. Glaciers at Kerguelen depicts a remarkable synchronous behavior with temperature and 

precipitation changes recently documented by 
18

O variations and snow accumulation rate changes in the 

West Antarctica ice core over the last 21 ka. Such common pattern may be due to the fact that the 

locations of these two studies are affected by marine climate conditions, in contrast to East Antarctica ice 

cores that are more under the influence of continental climate conditions. However, warm temperature in 

Antarctica during the pre-LGM is counterintuitive with large glacier extent at that time observed in different 

regions of mid southern hemisphere. This suggests a strong regional variability during the pre-LGM period. This 

regional variability is also seen in Antarctic ice core records over Marine Isotopic Stage 3 (MIS 3, 60 to 25 ka) 

during the succession of Antarctic Isotopic Maxima (AIM) associated with the abrupt Dansgaard-Oeschger events 

in Greenland. 



 
Figure 1. Chronology of glacial landforms based on 

36
Cl 

dating. Ages are based on the mean of at least 4 samples. 
Figure 2. Glacier changes at Kerguelen during the Holocene 

compared to other regions. Here a fictive glacier is used to 

document length variations.  

Figure 1 shows the evolution of Cook Ice cap and other glaciers over the last 45 ka based on cosmogenic dating 

analyzed during this project. Figure 2 shows the evolution of glaciers during the Holocene from different regions. 

It illustrates the specificity of Kerguelen. In the early Holocene glaciers were small at Kerguelen while they were 

very large in most other regions. By contrast glaciers recorded a major advance during the last millennium at 

Kerguelen, the largest of the Holocene, which differs strongly from other regions and arises questions about the 

forcings responsible for such original pattern of change. 

Future of the project : 
From a scientific point of view in the very near future we will focus on three major issues. First, we will improve 

our chronology with new ages and reduce uncertainties by locally calibrating 36Cl production rates. This will be 

possible with syenite from the Rallier glacier site sampled in 2019. Second, we plan to explore mechanisms 

responsible for such original evolution of glaciers during the Holocene and quantify with a glaciological model 

associated local climate conditions. The specific evolution of glaciers at Kerguelen at least during the Holocene is 

counterintuitive with long term forcing changes (insolation and CO2). The comparison with other sub Antarctic 

regions underlines the role of oceanic forcings at a millennial time scale that needs to be better explored. This has 

to be done in conjunction with the better understanding of the complex influence of climate conditions in 

Antarctica which is the third major issue.  

From an academic point of view this research favored new collaborations with researchers working on earth and 

life science and the submission of two projects at a national scale. This research helped also new investigations on 

southern hemisphere climate conditions in the framework of the international South sphere project.  
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