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Abstract 

Results of tide strain observations with laser interferometric strain meter located near the 

sleeping volcano Mt. Elbrus during the 1998-2000 are presented. Sophisticated procedure of 

data processing using TSOFT, Preterna and Eterna programs helped to get reliable signal/noise 

ratio for M2 wave (up to 100) in spite of extremely high environmental perturbations. 

Simplified correction for topographic effect gave rather low value of amplitude coefficient of 

about 0.7 that could be caused by the influence of shallow hot magma chamber.  

1. Introduction 

     Northern part of the Main Caucasian Ridge (Fig. 1) represents one of the most tectonically 

active regions of Russia and is characterized with intensive crustal movements reaching 1.5 

cm/year. So-called Elbrus block is of particular interest as it houses the highest top of Europe – 

famous sleeping volcano Mt. Elbrus, see Fig. 2.  



     Elbrus is classified as an active volcano according to UNESCO, as its last eruption took 

place some 1700 years ago and there exist a lot of geophysical implications about the possibility 

of its awakening (Bogatikov et al., 1998, Kopaev et al., 1995). 

The only habitated area near the Mt. Elbrus is Baksan Valley, where a lot of small towns with 

hotels for climbers and tourists exist. Up to 100 000 people visit this area each year, 10 % of 

which come from Western Europe, USA and Japan. 

     The Baksan geodynamical observatory of Sternberg Astronomical Institute of Moscow State 

University is located in this valley, 15 km apart from Elbrus in rock massive on the depth of 600 

m in 4.2 km long technological tonnel of Baksan Neutrino Observatory of of Institute of Nuclear 

Research of Russian Academy of Sciences (Fig. 2, 3). This tonnel houses two unique scientific 

installations – Underground Scintillation Neutrino Telescope and Gallium-Germanium Neutrino 

Telescope located at the depths respectively of 500 and 3500 m from the entrance. 

The observatory is equipped with a laser interferometric strain meter of Michelson type with 

non-equal arms (Lobservational = 75 m, Lreference = 0.5 m) located in the main non-thermostatized 

tonnel and oriented along its axis (latitude = 43
o
12’, longitude = 42

o
43’, azimuth = 150

o
37’). 

Thermostatized room of observatory is isolated from tonnel and houses two pillars, larger one 

has been used for absolute gravity observations by FG’5-101 of IfAG in 1994 (Wilmes et, 



1994). Smaller pillar has been used for tide gravity observations with modernized Sodin-

gravimeter in 1998-1999 (Kopaev and Yushkin, 2000). A gravity calibration baseline with range 

of 127 mGal is installed along a 4.2 km long tonnel. Observations have been carried out in 

1992-2002 using 6 Sodin gravimeters (S208, S209, S210, S212, S311and S312) that have been 

calibrated using Moscow calibration baseline and tilt calibration platforms, the accuracy of 

gravity values ranges from 12 to 21 mGal. Two additional common outdoor calibration 

baselines exist in this area, one with range of 650 mGal, and second with range of 85 mGal. 

They are equipped with excellent pillars, but as the uplift in this area is of the order of 1.5-2 

cm/year, its stability is at the moment under our checking. Two GPS-stations exist in this area, 

they are located very close to the Elbrus itself (see Fig. 2, third one is located 30 km to the East) 

and have been observed twice with IfAG team in 1993 and 1994 (Wilson et al, 1994). 

     The laser strain meter has been in use starting from 1993 with irregular observations for 

evaluation of its performance and numerous improvements, so the early data are of limited 

quality and are used only for seismic studies, mainly for investigation of eigenvibrations of the 

Earth. 

 



2. Description of Baksan laser strain meter 

     Laser interferometers represent perfect (but rather expensive) devices for strain 

measurements as they have infinite dynamic range, high precision and “build-in” usually 

perfectly stable permanent calibration possibility. 

     Optical system and path of the Baksan laser interferometer are located in specially 

constructed tanks and pipes under the vacuum of 10
-5 

mm Hg, which is supported by 2-stage 

system of vacuum pumps. Parameters of frequency stabilized He-Ne laser are the following: 

wavelength l = 0.63 mm; power = 2 mWt; relative instability of  l < 10 
–9

/day. 

Laser radiation is modulated on the frequency of  60 Hz by means of electro-mechanical 

modulation of laser resonant cell.  

     A very sophisticated feedback system for strain recording is used that includes electro-

mechanical galvanometer, rotating mirror and photodetector. If the displacement exceeds the 

value of one interferometric fringe (l/2, of 0.3 mm), feedback systems turns the mirror and 

returns to the center of interferometric pattern by introducing the step of l/2 into the signal. This 

steps offer an ideal permanent calibration and are removed automatically during the 

preprocessing procedure. 

     All the parts of strain meter (laser, beam-splitters, reflecting mirrors, vacuum chambers) are 

located on special pillars deepened into the bedrock that are isolated from tonnel floor. Vacuum 

pumps are installed on special sand “pillows” to reduce microseismic noise caused by its 

permanent operation. 

     Temperature and atmospheric pressure variations are recorded simultaneously with 

deformation signal using respectively SKIBA microbarograph with resolution of 1 mBar and 

self-made thermistors with resolution of 0.001 K. 

3. Tide strain observations and data processing 

     Long term observations suitable for tide strain investigations started in spring of 1998 (with 

many gaps caused by numerous problems due to the vacuum pump malfunction, power supply 

interruptions and different logistic problems), so the data coverage is of about of 50 % only. As 

the device itself is located in the open ventilation tonnel for neutrino installations, no thermal 

insulation exists at all and all the outdoor temperature changes cause thermal deformations of 

the rock and different parts of instrument. It is obvious from the excellent correlation of long-

term strain signal with temperature variations (Fig. 4). 



 

That is why we started our tidal data processing with a lot of doubts. But after some experiencing 

the appropriate techniques has been developed that includes: 1) common PRETERNA data 

processing; 2) using TSOFT for consecutive band-pass filtering of hourly strain, temperature and 

pressure data in semi-diurnal (between 11 and 13 hours) and diurnal (from 22 to 26 hours), 

following search for best correlation between the different channels by means of its mutual 

shifting; 3) application of ETERNA to strain data together with shifted pressure and temperature 

data and 4) return to PRETERNA with known strain/pressure and strain/temperature 

admittances, and so on. Two or three iterations are usually enough to get best possible (in our 

case) signal to noise ratios of 10-20 for O1 wave and 50-100 for M2 wave and standard deviation 

of hourly values of 2-3 nstrain. In the beginning of the process this ratios are usually 2-5 times 

worse. The data occasionally represent a set of blocks, separated by gaps of different duration 

varying form several days to several months, so these blocks were processed first separately and 

all the results are represented in Table 1 and Fig. 5. Than a common processing has been carried 

out for the whole data set of almost 400 days. The results are represented in Table 2 as a standard 

ETERNA listing. 



 

4. Discussion 

     We are not very satisfied with results, however this tonnel represents the only possible place 

to put interferometer and it cannot be isolated due to the clear technical reasons, so our aim was 

to do all the best. Nevertheless, the application of optimized combination of ETERNA, TSOFT 

and PRETERNA helps to reduce the huge influence of environmental disturbances up to 

appropriate level, at least for M2 wave. Signal/noise ratios for M2 ranging between 50 and 100 

are rather common for usual non-laser strain meters. The same values for O1 range between 10 

and 20 only, obviously due to the residual thermal influence and could hardly be reduced. They 

are not represented on Fig. 4. Nevertheless the common processing of all the data reveals 

clearly the K1 wave, however K1/O1 amplitude ratio (0.85) is considerably larger than its 

theoretical value 0.6). Temperature and pressure admittances as well as corresponding time lags 

(not shown in Table 2, ranging from 2 to 6 hours for atmospheric pressure and from 4 to 8 hours 

for temperature) show chaotic variations in amplitude and even in sign (for pressure 



admittance). The latter one is however mostly statistically insignificant that is confirmed with 

common adjustment of best data (last row in Table 1). Temperature admittance is on the 

contrary mostly statistically significant and its value is close to 1 nstr/
o
C. All the error bars on 

the Fig. 5 correspond to 2s, whereas simple 1s standard deviations are listed in Table 1. 

As for time variations of the amplitude of M2, it is obvious that only two blocks reveal 

statistically significant decrease to value of 0.7-0.8 from the mean value close to 1.0, covering 

the time period approximately from September to December of 1998. This anomaly is not 

associated in time with any large disturbances in pressure and temperature admittances, like first 

blocks, so it could be of natural origin. We show on Fig. 5 also the time evolution of monthly 

averaged seismic energy in area with radius of 50 km around the observatory. A series of small  



 

 seismic events (M < 2.5) occurred some 20 km to the North-East from observatory. The fact that  



our anomalous decrease in M2 amplitude preceded this events looks too encouraging and 

speculative (even in terms of (Beamont and Berger, 1974)) at the moment especially because of 

bad data coverage. 

As for the mean undisturbed value of amplitude for M2 wave, the configuration of 2D 

topography (Fig. 3) with slope of more than 30 degrees should increase the actual value by 

about 20-30 % according to the maps of Harrison and Blair (Harrison, 1976; Blair, 1976) and 

simplified estimations based on S.Molodenski analytical techniques for 2D relief approximated 

by linear spline (Molodenski, 1985, 1986). So the actual value is of the order of 0.7-0.8 and this 

anomaly could be attributed (rather speculatively at the moment, before the finite element 

modeling) to the presence of hot and shallow magma chamber revealed from analysis of 

Bouguer gravity and seismic data (Bogatikov et al, 1998), that could result in decrease of 

elasticity and therefore of tidal strain amplitudes. As the nearest fault is parallel to the strain 

meter axes (Fig. 2) and the latter one is located sufficiently far from the extremities of the 

tonnel (Fig. 3), we don’t expect any serious influence of the fault or cavity on the obtained 

result. 

     The value of phase lag for M2 equals however to –1.1
o
 ± 0.9

o
 and is therefore statistically 

insignificant. 

5. Conclusion 

     Application of sophisticated data processing techniques resulted in successful determination 

of amplitude of main tidal semidiurnal M2 wave from the highly thermally disturbed data from 

Baksan laser strain meter installed in Baksan valley, 15 km apart from sleeping volcano Mt. 

Elbrus, including statistically significant decrease of M2 amplitude before the sequence of small 

seismic events in the vicinity of strain meter.  

     Amplitudes of tidal strains observed in Mt. Elbrus area are low (70 % of model values for M2) 

and could be explained by rough topography influence as well as by the presence of magma 

chamber. 

     Observations with laser strain meter in such an area are unique, so a way to improve the data 

coverage should be pursued. 
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