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This publication presents a continuation of a series of studies related to the
study of the process of natural methane emissions in the Black Sea using the
method of remote sensing of the Earth on the example of the north-western
shelf in the Paleo-delta of the Dnieper. According to preliminary geological-
geophysical, acoustic and geochemical data, natural gas yields with a
chemical composition of up to 95-99% methane are periodically activated in
this area.

The phenomenon of activation of methane seeps is widespread worldwide
and attracts the attention of scientists and researchers from around the world.
First, emission activity increases during periods of seismic activity in the
region, which allows monitoring of the frequency and volume of gas
emissions. Secondly, it is possible to study this process in detail according to
space images, using a certain methodological algorithm.

This study presents a method of studying methane seeps in the marine
environment according to the interpretation of MODIS space images (Aqua /
Terra) with processing in specialized programs (SNAP, Q-Gis, etc.). To use
the proposed method requires a preliminary geological study of the study area
and determine the period of survey, including images with the most
informative, associated with seismic activity of the region and the atmospheric
phenomenon — cloudiness or lack thereof.

Introduction. Natural methane emissions in the aquatic environment are
associated with gas hydrate deposits, which are distributed on the planet
mainly in the shelf zone of the Pacific, Atlantic, Indian and Antarctic Oceans;
near the coasts of North and South America, India, Japan, Norway and other
countries.

In the Black Sea region, active gas manifestations were recorded almost on
the entire shelf: Ukraine, Romania, Bulgaria, Turkey, Georgia and Russia. In
Ukraine, methane rashes are concentrated in the transition zone shelf-
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continental slope in the north-western and north-western parts of the Black
Sea [1; 2; 3].

The frequency of activation of emissions and the large number of methane
rashes localized in the paleo-delta of the Dnieper (Figure 1) attract the
attention of many researchers [1; 2; 3].

Figure 1. Test site on a fragment of the map of the Black Sea [4]
with a diagram of the outflow of methane pages. Symbols: green triangles
are methane leaks mapped according to research by Egorov et al., 2011;
red rectangle — test site

Based on the data of geological, geochemical and geophysical studies
[3; 5; 6] it is known that in this area (Figure 1, 2) is periodically activated
more than 2000 thousand methane rashes, which emit a certain amount of gas
rising from the bottom to the surface sea. The visualization of the number is
shown on a three-dimensional graph (Figure 3), built in the Origin program in
test access. The coordinates of methane rashes are taken from the catalog [5].

Methane outputs carry water masses with a reduced bottom mass
temperature of ~ 3 — 5° C, and near the sea surface about 25° C (in summer)
[7] and rising into the lower atmosphere, intensively absorbs thermal radiation
from the Earth in the infrared region of the spectrum at wavelength 7, 66 um
[1; 7; 8]. This phenomenon can be observed in different spectral (thermal and
infrared) ranges in NASA satellite images (MODIS, NOAA, etc.), which
allows to expand the possibilities of studying methane emissions in the marine
environment. However, a set of additional data should be considered to
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determine the survey period, which should coincide with the period of
activation of methane rashes.
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Figure 2. Three-dimensional graph of methane rash localization
in the Dnieper paleo-delta

At this stage, it is impossible to accurately determine the amount of
methane gas coming to the surface from the seabed using remote sensing. This
is due to various factors: rapid methane dissipation, atmospheric phenomena,
seasonality, changes in sea currents, and so on. It is known that the volume of
gas increases [7; 9] during increased seismic and tectonic activity in the
region — this should be taken into account when choosing the date of the
images.

Research methodology. At the first stage of the study, we analyze the
seismotectonic activity of the region, which manifested itself in the form of
strong earthquakes in Turkey in 1999 with magnitudes of 7.6 and 7.2 on the
Richter scale near Izmit and Diizce. The tectonics of this region is formed by
the movement of Eurasian, Arabian and African plates, which interact with
each other and (Figure 3) [10] activate seismotectonic processes that affect
tectonic activity in the region as a whole and are manifested in methane gas
emissions in the Black Sea.
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Figure 3. Tectonic map of Turkey and the surrounding area,
according to [10]. Explanation: faults — dense lines, subduction zones —
filled triangles, active subduction zones — thick lines with open triangles,
oceanic crust — gray colors. BFZ — Bornov zone Flush

In general, the study area of the paleo-delta of the Dnieper is influenced by
tectonic processes occurring in the Black Sea region: Romania (Vrancea
zone), Moldova, Turkey (mobile Anatolian plate).

Next, we monitor images from the MODIS satellite (Aqua / Terra) for
several months before and after the earthquakes. We select the images that
interest us: with the manifestations of anomalous clouds that appear over the
areas of distribution of methane rashes during this period and carry out
processing in specialized programs (SNAP, Q-Gis, etc.) in different spectral
ranges.

For example, in 2016 there was increased seismic activity in the Black Sea
region, which manifested itself in the form of earthquakes in Turkey, Romania
on September 24, 2000 with a magnitude of 5.6 and an epicenter 153 km
north of Bucharest. Which allows you to select the shooting data in these
periods of 2000 or 2016.

After analyzing the selected images of the MODIS satellite (product
MODO021KM) over the study area on a background of continuous clouds,
which has a sharp decrease in temperature compared to the environment, an
anomaly was detected (Figure 2), which was recorded among the clouds. This
is the volume of methane gas, which is much warmer compared to the
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temperature of the clouds, sprays clouds forming a cloudless area that can be
recorded on the short circuit [1; 8].
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Figure 3. a, b. Fragment of the scene MODIS (product MOD021KM)
with an isolated area of the anomaly in the study area; date and time
of the survey — 3.03.2000 and 9:20, the area without clouds is clearly
observed against the background of cloud cover, this area is treated
as an anomaly located above the study area and methane leakage.
Explanation: red squares — a. research area, b. area with an anomaly

Of great importance is the temperature difference, methane rising from the

seabed to the surface and further into the troposphere, much colder than
surface water and warmer than the atmosphere, it provokes the formation of
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condensate in the form of small clouds over the methane outlets. This
phenomenon is recorded in cloudless weather on space images of satellites in
spectral ranges with a thematic direction: atmospheric phenomena,
characteristics of clouds, water vapor and others. The Aqua / Terra satellite
with the MODIS spectroradiometer is most suitable for such tasks.
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Figure 4. a, b. A fragment of the scene MODIS (product MOD021KM) with
an anomaly zone in the study area; date and time of the survey — 13.07.2000
and 8:55, the cloud cover is clearly visible and is interpreted as areas with
abnormal clouds associated with methane impregnation activity.
Explanation: red squares — a. study area, b. area with an anomaly
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Conclusions. The methods of remote sensing of the Earth and data from
the Aqua / Terra satellites of the MODIS spectroradiometer can be used to
solve geological problems and search for minerals by secondary
characteristics. The frequency of the flight, which is two days, depending on
the latitude, which allows you to monitor the dynamics of geological
processes and conduct detailed monitoring. A necessary condition for this
technique is to take into account tectonic, geophysical, lithological data and
information on atmospheric and hydrological phenomena.

This method can record periods of activation of methane gas emissions on the
sea surface from the bottom, due to the difference in temperature of the masses,
which is closely related to the activation of seismic activity of the region.
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