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ABSTRACT

High-resolution seismic investigations of Lake Chebarkul bottom was carried out in the place of meteoric fall of
the biggest part of “Chelyabinsk” meteorite. The disturbance of stratification and degassing zone on seismic sections
passing through the coordinates of the ice hole was found on the proposed meteorite location.
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1. INTRODUCTION

On 15 February 2013 in the region of
Chelyabinsk, Russia, an excessively large meteorite
produced a powerful shock wave, which caused
unprecedented damage to people and property. According
to official news reports, glass windows were shattered in
over 7300 buildings, and falling debris hurt more than
1600 people [1, 2].

The Chelyabinsk meteorite shower is a unique
phenomenon, during which more than ten hundred
thousands of fragments of a cosmic body fell on the
surface of the Earth. The supposed area of strewn
meteorite material exceeds 60-100 km length and 10-20
km width [3]. The largest piece so far recorded weighs 1.8
kg. It is believed that at least one much larger stone
penetrated the ice of Chebarkul Lake is located 70 km W
of Chelyabinsk [4]. On February 28" and March 11 6,000
points of the Earth magnetic field were measured in a grid
separated by 1 m, covering an area of 60 x 100 meters
around the hole [5].

On July 14, 2013 the expedition was organized to
carry out seismic investigations of Chebarkul Lake in the
area of proposed meteorite location.

2. METHOD

Seismic  profiling was carried out using
specialized complex, designed and manufactured on the
base of Kazan Federal University. The complex includes:
a source of elastic waves, a receiver, a seismic station, a
laptop, a GPS-receiver, an inflatable boat, a motor, and
power supply elements. The complex allows getting
seismic acoustic sections with vertical resolution at least
15 cm; depth study of various types of lake sediments at
least 10 m; geodetic positioning system within several
meters. It also provides the digital recording of
information; portability and low power consumption and
the ability to use inflatable boats for conducting a
research. As a source of elastic vibrations an inductive
oscillator "boomer" was used. As a source of electric
power a storage battery was used. The continuous seismic
monitoring was done on the basis of the principle of
central beam with the use of single-channel receiver unit.

The GPS receiver was used to coordinate profiles and boat
location.

3. RESULTS AND DISCUSSIONS

As a result of the work 6 cross-sections of
approximately length 230 meters each were done. The
schematic location of these cross-sections is shown on
Figure-1. The seismic section was analyzed to determine
the bottom topography, the bedding layers, bedrocks and
the presence of gas in sediments. On seismic section
number 5 at the supposed place of a meteorite fall the
depth of the lake is 9.6 m. In this place we can observe a
weak reflection from the bottom of the lake caused by
weakly consolidated slurry and loose silt (Figure-2), which
was confirmed by underwater work carried out at bottom
of the lake [6]. The thickness of these sediments reaches 2
m. below these sediments we can determine reflections
typical for stratified sediment, where is the supposed place
of meteorite location.

On sections number 1, 3, 4, 5 in the place of
meteoric fall, there is a zone of degassing and disturbance
of stratification layers. This is likely due to the mechanical
meteorite impact after the fall. On section number 7,
which is located 40 meters from the ice hole, we cannot
observe the same thing. All the layers in this place are
deposited relatively parallel, without any disturbances of
stratification (Figure-3).

According to the findings of seismic
investigations, the sediments of Lake Chebarkul contain a
large amount of organic gas, presumably, methane, and
this lake is a unique object for studying the accumulation
and distribution of gas in sediments. As we can see on the
seismic sections, the accumulation of gas occurs towards
the center of the lake where the deposit thickness exceeds
2.5-3 m. At this point a transition zone of gassy/not-gassy
sediments is formed. Chelyabinsk meteorite fell exactly in
this transition zone, which led to difficulties in
interpretation. Nevertheless, brought to the surface the
largest Chelyabinsk meteorite fragment confirmed that the
crater was formed by the mechanical impact of the
meteorite.
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Figure-1. Schematic profiles location.
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Figure-2. Seismic section number 5. Horizontal scale corresponds to the pickets of the profile.
Vertical scale is the depth in meters relative to the water surface. Bedrocks are green colored,
gassy sediments - dark blue colored, multiple deposition - blue colored,
meteorite crater - purple colored.
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Figure-3. Seismic section number 7. Gassy sediments are blue colored, the undisturbed
layers are marked by orange lines.

4. CONCLUSIONS

On October 16, 2013 from Lake Chebarkul the

largest fragment of Chelyabinsk meteorite was brought to
the surface by divers. Its weight was slightly over 600 kg.
The work was carried out directly under the ice hole,
where seismic sections showed the crater.
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