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The Greater Caucasus and the Elbrus volcano



The Elbrus volcano, Northern Caucasus
• The Elbrus volcano, top of Caucasus. 

Mt. Elbrus is the highest (5,643 m) active 
volcano in Europe.

• It represents an example of volcanism 
related to the axis of a continental 
collision zone. 

• Elbrus has erupted more than 10 dacitic 
lava flows during the Holocene. 

• The twin-summit stratovolcano volcano 
has the glacial ice cap (~140 sq.km). 

• East summit (right, 5621 m) and West 
summit (left, 5642 m).

• Radiocarbon dating of samples from 
down-valley lahars and debris 
avalanches are: 8150±100, 6200±120, 
5100±100, 4060±40, 2520±60, and 
1750±30 years bp.

• Solfataric activity reported near the 
saddle and on the West summit, hot 
mineralized springs on its slopes and in 
adjacent areas.

• Recreational area famous for great 
outdoor activities.



Fragment of the “World map of volcanoes, earthquakes and plate 
tectonic” composed by T. Simkin, R. I. Tilling, J. N. Taggart, W. J. 
Jones and H. Spal, published by Smithsonian Institution & U.S. 
Geological Survey in 1989.

Geodynamic model of the central segment of Alpine-
Himalaya mobile folded system and the Greater Caucasus, 
after [Lipman et al., 1993].



Africa-Arabia-Eurasia continental collision zone

GPS velocity field 1988-2005 for the Eastern 
Mediterranean with respect to Eurasia showing CCW 
rotation of a broad region in the Africa-Arabia-Eurasia 
collision zone [Reilinger et al., 2006], 
Robert Reilinger (MIT) et al., “GPS constraints on continental deformation 
in the Africa-Arabia-Eurasia continental collision zone and implications for 
the dynamics of plate interactions”, JGR, 2006.

Block model consisting of 19 plates/blocks and M > 
4.5 earthquakes (h > 35 km) (NEIC catalog; 1973 to 
Jan 2005), Nubian (NU), Somalian (SOM), Arabian 
(AR), Eurasian (EU), Anatolian (AN), Aegean (AG), 
Lut(LUT), central Iran block (CIB), Kavir (KA), Alborz 
(AL), Caucasus (CA), Black Sea (BS), Sinai (SIN), 
SW Anatolian (SWAN), SE Aegean (SEAG), central 
Greece (CGR), northern Greece (NGR), Marmara 
(MAR), India (IN) [Reilinger et al., 2006].



Evidences of past seismic and volcanic events

Ancient (about 2000 years ago) rock avalanche in the valley of the Baksan river, Elbrus volcanic area.

Paleoseismic fault. Columnar-joined ice-contact structures.



Paleoseismic events and eruptive history of Mt. Elbrus

Timeline of various types of paleoseismodislocations and results of radiocarbon dating of Holocene seismic and 
volcanic events in the Elbrus volcanic area: 1-2 results of radiocarbon dating (GI RAS): 1 – lower age boundary 
of seismic event; 2 – age of dislocation coincident with seismic event; 3 – upper age limit of the event; 4 –
modern soil samples taken for verification purposes (size of rectangles equals to measurement error); 5 –
sample tag; 6 – volcanic eruption [References]; 7 – seismic event.



Map of operational and planned Laboratories of NCGO

Locations of existing/operational (red waypoint markers) and planned (grey waypoint markers)  
Laboratories of the Northern Caucasus Geophysical Observatory. At the moment there are five 
operational Laboratories: #1 and #2 (underground tunnel in the Baksan valley), #3 (city of Nal’chik, 
KDSU), #4 (Elbrusskiy place, Kuban river valley), #5 (near the city of Sochi).



Geophysical Laboratories # 1 and # 2

Digital elevation model (SRTM3/GM) for the territory of the valley of Baksan river close to the site 
of the horizontal system of tunnels drilled under the mount Andyrchi (~20 km from the Elbrus 
volcano). The main and the secondary tunnels are shown as the green line and the positions of 
Laboratories # 1 and # 2 are shown as the two red waypoint marks in their exact geographical 
positions. Underground structure of tunnels extends up to 4300 m under the mountain. 



The underground research facility: “Neutrino” tunnel

The system of tunnels under Mt. 
Andyrchi is nearly horizontal, the two 
parallel tunnels going slightly upwards to 
ensure successful drainage of mineral 
waters from underground springs.

There also are several intersection 
galleries for ventilation purposes. 

The main and the secondary tunnels 
have a system of underground railway  
transportation, system of ventilation and 
the surveillance/access control system.



The underground research facility: “Neutrino” tunnel

The “Neutrino” tunnel is the unique 
underground research facility built 
specifically for fundamental studies 
of Solar neutrino, cosmic rays, 
physics of elementary particles and 
other subjects of the Institute of 
Nuclear Research of RAS. The 
construction work carried out by the 
“Metrostroy” company from mid 
197x till the end of 199x. Structural drawing of the tunnel, view from the top.



Laboratory # 1, 1500 m down the tunnel

Instrumental foundation in the Lab. #1 built on solid rock in 
2004. The following equipment is installed: N-S and E-W 
quartz tilt-meters, ferromagnetic probe, and thermometer 
connected via L-card E-24 ADC to PC-based registration 
system; Triaxial seismometer (Geospace GS-13C Seismonitor) 
connected to a REF TEK 130b datalogger.

Z-component of a seismic record featuring a rock burst.



Laboratory # 1, 1500 m down the tunnel

Example of a seismic record of a 
train passage along the main 
tunnel. Local railway system 
normally operates twice a day 
only. There are no trains 
scheduled for weekends and 
public holidays. Other commonly  
registered signals are: rock 
bursts, distant and local 
earthquakes, snow avalanches.



Laboratory # 2, 3900 m down the tunnel, year 2004

Structural drawing of the Laboratory # 2 close to the end of the tunnel. Initial conditions in the unfinished gallery with dead end. 



Laboratory # 2, one year later

The next year the Laboratory # 2 has been upgraded with the main utility power plus several extra cables (TP 
cat. 5 Ethernet, telephone, RS-485/RS-232 and other remote interfaces) + the first instrumental foundation.



Temperature observations

• Nearly constant ambient temperature:

+38 deg. C near the floor of the gallery;

+39 deg. C near the ceiling of the gallery.



Progress on instrumental foundations 2005 – 2007



Laboratory #3 in the City of Nal’chik, KBSU
• 2005 in the redesigned basement of 

the Kabardino-Balkar State University, 
the City of Nal’chik,  the Laboratory # 3 
has been established. There are 3 
instrumental foundations in a thermally 
stable environment with fiber optic 
connection to the Internet via the 
university network.



The GS RAS seismostation in the Lab. # 3 since 2006



Laboratory # 4, the “Verkhnekubanskiy” test site 

In 2008 the Laboratory # 5 located near the village 
Elbrusskiy, has been set up for continuous 
operation in collaboration with Pushkov Institute of 
Terrestrial Magnetism,  Ionosphere and Radiowave 
Propagation of RAS. The instrumental foundation 
designed specifically for measurements of magnetic 
variations has been built from scratch along with the 
remote operator lab unit and secondary foundation. 



Magnetic variations preceding strong earthquakes

Seismic event near the coast of southern Sumatra, September 12, 2007, 23:49:01, М = 7.3, Н = 33 km,
magnetic variations T = 150 s, amplitude of magnetic variations = 3.5 nT. Laboratory # 3 (Nalchik).



Magnetic variations preceding strong earthquakes

Seismic event near the coast of southern Sumatra, September 12, 2007, 23:49:01, М = 7.3, Н = 33 km,
ULF magnetic variations T = 150 s, amplitude of magnetic variations = 3.5 nT. Laboratory # 3 (Nalchik).



Laboratory # 5 in the City of Sochi

In 2009 the Laboratory # 5 located in the City of 
Sochi has been set up for continuous operation. It is 
designed specifically for measurements of magnetic 
variations (and auxiliary meteorological data). The 
Pushkov Institute of Terrestrial Magnetism,  
Ionosphere and Radiowave Propagation of RAS is 
responsible for maintenance of the HDZ magnetic 
variometer while near real time data streams are 
incorporated into NCGO on-line database. 



Future plans on development of the NCGO
• In collaboration with the Geophysical 

Survey of RAS and Shternberg State 
Astronomical Institute (MSU): installation 
of a broadband digital seismic station at 
the Terskol Peak, only 3 km from the 
Elbrus volcano for monitoring of possible 
signs of volcanic activity and seismicity 
related to glaciers evolution.

• In collaboration with the Institute of 
Computational Mathematics and 
Mathematical Geophysics SB RAS: 
installation of a linear seismic array in the 
underground tunnel for scheduled 
geophysical experiments.

• In collaboration with Pushkov Institute of 
Terrestrial Magnetism,  Ionosphere and 
Radiowave Propagation of RAS: 
development and implementation of an 
open database of magnetic observations, 
integration with data streams from 
Armenian magnetic observatories.

The TRSK station (GPS/GLONASS) of the Regional 
Northern Caucasus network [Milyukov, 2010], Terskol 

Peak, 3150 m, 3 km from the Elbrus volcano.
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Geophysical Observatory in Northern Caucasus

• Main objective: development of the first geophysical observatory in Northern Caucasus.

• Primary purpose of the observatory: fundamental scientific studies for geophysics.

• Ways of implementation: sequential development of spatially scattered laboratories 
responsible for geophysical instrumental observations and integrated in a network.

• Ongoing activities: multidisciplinary monitoring over geodynamic processes in the Central 
part of the Greater Caucasus and in the Elbrus volcanic area.

• Specific problems: study of a deep underground structure in the Elbrus volcanic area,  
determination of sizes, shapes and locations of regional magmatic structures by means of 
geophysical methods (seismology, micro-gravimetric surveys, magnetotelluric sounding, and 
studies of magnetic variations) accompanied by remote sensing technologies.

• Generation and dissemination of knowledge in frames of the Federal Programme for 
Integration between Russian Academy of Sciences and local Universities.

• Practical outcome includes but is not limited to: prospecting of regional alternative energy 
resources (geothermal), better management of possible consequences of natural hazards, 
and relevant risk assessment.



Thank you!

• Research activities associated with development of the Northern Caucasus Geophysical 
Observatory are simultaneously supported by the Programme 4 of the Presidium of RAS, the 
Russian Foundation for Basic Research, and the Russian Science Support Foundation.
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