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Over the 99 % of Antarctica is covered by ice, and one of 
the most exciting investigations of our planet concerns the 
exploration of Antarctic subglacial environments  — «enig­
matic world» beneath the ice sheet. Subglacial environments 
have become central to our understanding of the Antarctic 
ice sheet’s formation and to assessments of possible future 
climate change and sea level rise. Moreover, to date, we have 
no reliable information at all about the geology of Antarctica 
beneath the ice. Indirect information about subglacial crust­
al structure and geology is provided by geophysical surveys 
(mainly airborne magnetic data), but this requires confir­
mation by direct sampling (drilling) of the bedrock. Several 
ambitious projects of this type are currently underway (e.g, 
USA’s Rapid Access Ice Drilling — RAID project, the Chi­
nese drilling expedition’s project in the Gamburtsev Moun­

tains; Goodge and Severinghaus, 2016, Talalay et al., 2018), 
but none of them has been implemented yet, and no targeted 
geological core sampling of bedrock has ever been carried 
out in Antarctica, except for sampling of young sediments in 
subglacial lakes in West Antarctica, coring of bedrock with 
known geology for paleogeography based on cosmic isotope 
studies, and test drilling near scientific stations (Talalay et 
al., 2023).

In the 2023–2024 season, a  joint Russian-Chinese drill­
ing project (with cooperation VNIIOkeangeologia, Jilin Uni­
versity and China University of Geosciences, Beijing) was 
carried out in the north-western part of Princess Elizabeth 
Land (Fig. 1). Drilling was aimed at establishing the geolog­
ical nature a high-amplitude linear magnetic anomaly that 
runs parallel to the coast for more than 500 km from Princess 
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Elizabeth Land to Mac.Rosbertson Land, crossing the Lam­
bert Rift Zone, and marks distinct changes in the magnetic 
field pattern (Golynsky et al., 2018; Fig. 2). The nature of this 
anomaly remained unclear, but it is thought to be related to 
the suture zone between Proterozoic terrains formed during 
the Neoproterozoic amalgamation of the Rodinia supercon­
tinent (Mikhalsy & Leitchenkov, 2018). 

The drilling site was selected on the basis of recently de­
rived detailed magnetic and radio-echo sounding data (with 
1 km line spacing) and logistical convenience. The optimal 
place for drilling along the strike of the magnetic anomaly is 
located at 69.585591S; 76.385165E, on the top of the local 
bedrock high (Fig. 3) with the ice thickness of 550 +/– 10 m. 
Ice sheet surface elevation at the drill site is 680 m asl.; ice 
flow velocity at the drilling site measured by GPS observations 
is 50–60 meters per year. Radar data suggested a freezing at 
the base of the ice sheet at the drilling site.

The drilling was carried out using cable-suspended Ice 
and Bedrock Electromechanical Drill (IBED) designed by 
the Jilin University. The drilling facilities include movable 
drilling shelter and workshop (Talalay et al., 2021; Fig. 4). 
The drilling camp (named «Anomaly»; Fig. 5) was organized 
from 18 to 24 December 2023 and the drilling itself contin­
ued from 25 December 2023 to 26 February 2024. A variety 
of technologies were used for drilling: auger core set for the 
snow-firn layer, a cutter drill bit for the meteoric ice, a PDC 

Fig. 1. Position of drilling site in the north-western Princess Eliz-
abeth Land. Dotted line is position of Radio-echo sounding sec-
tion shown on Fig. 3

Fig. 2. Magnetic anomaly field of the western Princess Elizabeth Land with position of drilling site. Inset: Tectonic provinces: 1 – Paleo-
archean to Paleoproterozoic Ruker Craton; 2 – Neoarchean Vestfold Craton; 3 – Mesoproterozoic to Neoproterozoic Orogen (a – Middle Meso-
proterozoic to Early Neoproterozoic Province; b – Late Mesoproterozoic to Early Neoproterozoic Province); 4 – magnetic anomaly; this anomaly 
is thought to mark changes in crustal composition; orthogneisses dominate south of the anomaly and paragneisses dominate north of the 
anomaly (Mikhalsky & Leitchenkov, 2018)
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Fig. 3. Radio-echo sounding section showing bedrock morphology and drill site location. See Fig. 1 for line position. 

Fig. 4. Three-dimensional scheme of the movable drilling shelter and the workshop connected by the bridge

Fig. 5. Areal view of the field camp «Anomaly» located near the Progress – Vostok logistic route
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cutter for the basal ice with mineral inclusions and a toothed 
impregnated diamond drill bit for the bedrock. Jet A-1 fuel 
was used as the drilling fluid. The average daily drilling rate for 
meteoric ice was 18–24 m/day with an average core yield of 
0.9 m per run. At the bottom of the ice, the measuring system 
in the drill recorded a temperature of -4.5°C, i.e. well below 
the pressure-melting point. 

A total of 545.5 m was drilled, including about 1.4 m of 
snow, about 60 m of firn (part of the ice cover where the 
density reaches 830 g/cm3), about 485 m of meteoric ice, 17 
cm of basal ice with mineral particles, and 48 cm of rocks 
(Fig. 6). Bedrock core sample was recovered in two runs. 
Based on visual field identification, the core is presented by 
mafic crystalline schist. The magnetic susceptibility of the 
sample is about 0.05 SI and this high value confirms that sim­
ilar rocks produce a prominent magnetic anomaly. Rock and 
basal ice cores were sawn in half in Antarctica and divided 
between Chinese and Russian partners for further laboratory 
research.

During the next Antarctic season (2024–2025), geophys­
ical borehole logging, including inclinometry, cavernometry 
and temperature measurements will be carried out to study ice 
sheet conditions in the marginal part of the ice sheet and to 
estimate geothermal heat flux. The ice cores have been buried 
in the snow at Camp Anomaly until next season, when they 
will be transported to Vostok Station for sawing. Half of the 
ice cores will be delivered to Chinese specialists, and another 
half — to the Climate and Environmental Research Labora­
tory of the Arctic and Antarctic Institute, St. Petersburg, for 
the paleoclimate research. 

Conclusions
The experience of implementing the joint project, integrat­

ing technical, logistical, financial and intellectual resources, 
has once again demonstrated the feasibility and effectiveness 
of international cooperation in Antarctica. The experience 

gained will contribute to the improvement of ice-bedrock 
drilling technologies in Antarctica, and will make it possible 
to outline new projects with more ambitious tasks in the fu­
ture. One of them, for example, is drilling in the Gamburtsev 
Mountains, one of the most mysterious regions of Antarctica, 
where there are places with relatively thin ice (up to 1000 m) 
that can be drilled with equipment designed in the Jilin Uni­
versity within 1–2 seasons.
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Fig. 6.  Core of basal ice (left) and bedrock (right)
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