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Fig. 1. The layout of the Klyuchevskaya 
group of volcanoes on the Kamchatka 
Peninsula. Red rectangle marks the re-
search area 
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Fig. 2. Map of thickness of lava flows ( , m) formed as a result of TFE-50 according to [Dai, 
Howat, 2017]. Topographic base is the SRTM digital elevation model 
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Fig. 3. Map of average rates of lava flow surface displacements in the direction of the satellite�s line-
of-sight (ULOS, mm/year) calculated from SAR images of the Sentinel-1A for the period from 16.05 to 
13.09.2019 
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Fig. 4. Time series of the LOS displacements (ULOS, mm) in the area with the maximum lava thickness 
on the Leningradsky lava flow to the west of the Kleshnya cone. The survey was carried out in 2017�
2019. The horizontal axis shows image number in the series 
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Fig. 5. Results of modeling the lava flow cooling according to equations (4)�(6) at H0=40 m. I � tem-
perature distribution T (z, t) with depth z depending on time t. The numbers near the graphs: t=0 is the 
initial distribution, then � after 2, 4, and 6 years; II � subsidence of the day surface S and the change 
in the lava flow thickness H depending on time t; III � temperature distribution with depth T(z, t) for 
different initial lava flow thickness H0, m (H0 values are given near the corresponding curves) at  
t=6 years. On fragments I, III, the intervals of positive z values on the vertical axis correspond to the 
thickness of the lava, negative � to the underlying half-space 
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Fig. 6. Comparison of the initial lava thickness (H0, m) and the lava surface subsidence rate 
(Uz, mm/year) according to satellite interferometry data for 2019. Circles show SAR interferometry 
data; solid line � the lava surface subsidence rates at thermal diffusivity of 1 mm2/year, dashed line � 
at 2 mm2/year 
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ANALYSIS OF DISPLACEMENTS OF THE LAVA FLOW 
SURFACE OF THE 2012�2013 TOLBACHIK FISSURE 

ERUPTION BY SAR INTERFEROMETRY 
 

V.O. Mikhailov1,2, M.S. Volkova1, E.P. Timoshkina1, N.M. Shapiro1,3, 
I.P. Babayantz1, P.N. Dmitriev1, S.A. Khairetdinov1 

 
1 Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences, Moscow, Russia 

2 Lomonosov Moscow State University, Moscow, Russia 
3 Institut des Sciences de la Terre, Université Grenoble Alpes, CNRS (UMR5275), Gieres, France 

 
Abstract. The Tolbachik fissure eruption, named after the 50th anniversary of the Institute of Volcanology and 
Seismology of the Far East Branch RAS (TFE-50), occurred from November 27, 2012 to September 15, 2013 in 
the area of the Plosky Tolbachik volcano. During the eruption, a large lava field was formed with area of about 
45.8 km2 and total lava volume ~0.6 km3. The application of the method of persistent scatterers to the satellite 
Sentinel-1A SAR images made it possible to estimate the rates of the lava field surface displacement in 2017�
2019. The surface mainly subsides in the direction from the satellite, with the exception of the periphery of the 
Toludsky and Leningradsky lava flows, where small uplifts are observed. Assuming that the displacements occur 
mainly along the vertical, the maximum average displacement rates for the snowless periods of 2017�2019 were 
285, 249, and 261 mm/year, respectively. The maximum subsidence was registered in areas with the maximum 
lava thickness on the Leningradsky and Toludsky lava flows. 
 The estimates of the thermal subsidence of the lava surface during its cooling are generally close to the 
subsidence values over a significant part of the lava field, but in a number of areas in its central part, the actual 
subsidence values are several times higher. According to the thermal model when lava thickness exceeds 40 m, 
there can be a hot moving layer under the solidified surface, which temperature exceeds 2/3 of the melting point. 
Since on the Leningradsky flow, the maximum subsidence is observed in the area of the fissure along which the 
eruption took place, it can be assumed that the retreat of lava down the fissure contributed to the observed dis-
placements of the flow surface. Subsidence can also be associated with degassing of the molten part of the lava, 
compaction of rocks under the weight of the overlying strata and the migration of non-solidified lava under the 
hard cover. 
 
Keywords: SAR interferometry, Tolbachik fissure eruption of the 50th anniversary of the Institute of Volcanology 
and Seismology of the Far East Branch RAS (TFE-50), displacement of the lava flow surface, thermal subsidence 
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