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(A) Research background  

Ice wedges in permafrost are widely distributed at high latitudes and mid-latitudinal alpine regions. The ice wedges form either 

by infiltration of meltwater into cracks developed by thermal contraction during winter or by dry compaction of snow as well as 

hoarfrost accretion depending on the climate conditions. Ice wedge has broad geographical coverage that continuing research was 

trying to use ice wedge as an archive of paleoclimatic or paleoenvironmental proxies. Stable isotope ratios (δ18O and δD) of ice 

wedge ice have been employed to infer past climate of the area based on the relation between δ18O (or δD) and surface 

temperature. Furthermore, deuterium excess (D = δD – 8 × δ18O) has been used to show changes in moisture source of regional 

precipitation or the formation mechanism of the ice wedge (dry snow origin or snow meltwater origin). 

The gas enclosed in ice wedges may provide further insight into the formation mechanisms and biogeochemical processes of 

ground ice. Molar ratios of inert gases, because of different solubility in water, can be used to determine whether snow/ice 

melting occurred during formation or preservation. On the other hand, the stable isotope ratios of 13C to 12C in CO2 (δ13C) and 
18O to 16O in O2 (δ18O) and the molar ratio of oxygen to argon (δ(O2/Ar)) are used as indicators of in-situ microbial respiration in 

ground ice. Further evidence of in-situ microbial activity can be derived in an extremely high CO2 concentration and elevated 

CH4 concentration in ice wedges, which is highly concentrated than the atmospheric value in several studies (St. Jeans et al. 

2011; Boereboom et al. 2013). 

(B) Method 

Two ice wedges (CYB and CYC) were sampled on outcrops near a thermokarst lake during July of 2015. We cut the ice with a 

chainsaw and kept it frozen in an isothermal box using eutectic gel packs.  The collected samples were shipped to Seoul and 

stored in a freezer at -20 °C. The greenhouse gas (CO2, CH4, N2O) concentration in ice wedge bubble is measured by dry 

extraction system in Seoul National University.  Molar ratios of N2, O2 and Ar were analyzed by Scripps Institute. Water Isotope 

ratios (δ18O and δD) were measured in KBSI (Korea Basic Science Institute).  

(C) Results and Discussion 

The δ(N2/Ar) values and bubble shapes indicate that the ice wedges are formed by dry snow compaction rather than snowmelt 

water refreezing, while the δ18O and δD of the ice indicate changes in the source area location or the climate during the Last 

Glacial Maximum. Using a dry extraction method, we obtained gas mixing ratios ranged from 7–13% CO2, 5–130 ppm CH4, and 

100–5000 ppb N2O. The δ(O2/Ar) values imply that most of the O2 was consumed by biological respiration. The 13C of CO2 

within the range of biological origin (-27.8‰). The CH4 is negatively correlated with N2O and CO2. 

(D) Conclusions 

The CO2 gas age corresponds to the Last Glacial Maximum (18–19 ka). Thus, the greenhouse gases trapped in the Cyuie ice 

wedges provide biogeochemical information of the central Yakutia since the LGM (Last Glacial Maximum). The δ(N2/Ar) values 

indicate dry snow compaction origin of ice wedge that reflects the arid climate condition during the period of ice wedge 

formation. N2O concentration, which we measure in ice wedge for the first time, indicate activity of nitrifier and/or denitrifier 

bacteria in ice wedges. The negative correlation between N2O and CH4 might be explained by the inhibitory effects of the 

nitrogen compound to methanogen bacteria. CH4 is easily enriched in soil mixed layer with high organic matter content that it has 

negatively correlated with CO2 concentration.    
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