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Context: This project combined model developments and multi-tracer data acquisition characterizing both 

modern and ancient firns in order to improve the physical description of firn densification and better constrain 

past climate dynamics. 

 

Objectives / scientific questions: How to reconcile δ15N data and firn densification model on the central Antarctic 

plateau? What are the characteristics of firn stratification in central Antarctica and their impact on gas records? 

What is the impact of the snow accumulation rate on firn structure? 

 

Main results: This project mainly supported the PhD work of Camille Bréant and the first analyses on the Lock-In 

Antarctic shallow core (200m length), drilled in 2016 136 km away from Dome C towards the Dumont d’Urville 

coastal station. Lock-in and Dome C undergo similar temperatures, but the snow accumulation rate is higher at 

Lock-In. X ray tomography analysis performed on firn cores from the two sites show thinner pores at Lock-In for 

the same density values, together with smaller ice crystals (Illustration 2, Burr et al., 2018). This structural 

difference is consistent with a slower gas circulation at Lock-In, leading to older gases in deep firn as observed in 

firn air pumping datasets. In parallel, a high variability of methane concentrations in the Vostok ice core during 

Dansgaard-Oeschger event 17 was observed and attributed to layered gas trapping (Fourteau et al., 2017). This 

further motivated our high resolution multi-tracer analysis of the Lock-In core (density, closed porosity, chemistry, 

methane, Fourteau et al., in preparation). 

 

 
Illustration 1: From Bréant, PhD, 2017. Comparison of measured 

and simulated values of δ15N for EPICA Dome C for terminations 

II to III. The blue curve illustrates the dominant effect of 

accumulation rate on model results. 
 

Illustration 2: Adapted from Burr et al. (2018), 

comparison of firn structures at Dome C and 

Lock-In for the same density value. 
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A revision of the firn densification model sensitivity to temperature and, to a lesser extent to impurity contents, 

led to a major improvement of the consistency between model results and δ15N data over the last termination 

(Bréant et al., 2017). Using new high resolution data, these good results were then confirmed for the two 

previous terminations (Illustration 1 and Bréant et al., in revision). Both the densification model consistency with 

δ15N in past climate conditions and the comparison between modern firns at Dome C and Lock-In point towards 

an important effect of the snow accumulation rate on firn structure and gas trapping. 

 

Future of the project: 

The project is followed by another LEFE project, led by Xavier Faïn at IGE: HEPIGANE, which supports the on-going PhD work 

of Kévin Fourteau. Its main focus is on firn layering. The knowledge gained on the interpretation of high resolution gas 

signals and gas dating with the densification model helps preparing the French community work on the future 1.5 million 

years old ice core to be drilled within the European Project Beyond EPICA Oldest Ice Core (BE-OIC 2019-2025). 

 

Number of publications: 3 published, 3 in revision; communications: 5; PhDs: 2 defended, one on-going. 
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