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To identify zonal-block structure of the Zmiinyi Island territory using radiometric survey
method. Methodology. Radiometric surveys of rocks natural gamma radiation during the
period of research surveys on the Zmiinyi Island in 2009 - 2015 in the network of geophysical
profiles using geological scintillation dosimeter-radiometer SRP - 68-01. Selective
measurements of gamma radiation of layers in vertical extent have been performed in the
outcrops of rocks of the coastal slopes. Results. Distribution of gamma radiation power has
been compared with absolute gradients of the island's surface relief. The results of measuring
have been divided into two groups: cemented conglomerate-breccias and quartzites (on
average 7.5 uR/h); interlayers of sandstones, siltstones and clays (on average 13.5 pR/h).
Using the “gamma minimum” criterion fracture-weakened zones have been identified and a
map of zonal-block structure of the island's rock mass has been compiled and analysed.
Conclusions. The spatial distribution of gamma radiation the power and gradients of the
island's surface relief caused by both peculiarities of rocks geological structure, lithological
composition, manifestations of processes of suffusion underwashing and dispersed material
accumulation. The results received allowed to identify the tectonic disturbance zones and build
schemes of the Zmiinyi Island territory zonal-block structure.
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Introduction

While much attention in recent decades has been paid to studies of the Zmiinyi Island as the most
important geopolitical, resource and unique natural object, many issues of its tectonic and geological
structure remain unclear due to low level of knowledge. The uniqueness of the island is confirmed by
the fact that it is included into the list of geological monuments of Ukraine (Smyntyna et al, 2008).
The general character and features of modern destructive exogenous processes on the island are
determined both by the components of geological environment and by a wide range of natural factors.
Among the components of geological environment, a significant role in the formation and
development of destructive processes on the island is played by age, genesis, mode of occurrence and
lithological composition of rocks, as well as by uneven network of tectonic faults and open cracks of
various genesis and sizes (Tkachenko et al., 1969, Sulimov, 2001, Smyntyna et al., 2008, Cherkez et
al., 2014, 2020). In this regard, a detailed study and identification of crack-weakened zones, which
form the block structure of the island, is one of urgent tasks in the development of protective
measures to preserve the island.

Since direct measurements of fracture parameters are often impossible due to the low exposure of the
island's surface, insufficient number of mine workings, built-up area and other reasons, remote field
methods, in particular geophysical methods, are widespread (Vyzhva et al., 2012), which allow
tracing tectonic faults, zones of increased fracturing and modern geodynamic activity.

The purpose of the work was to identify zonal-block structure of the Zmiinyi Island territory using
radiometric survey.

Data & Methods

To study the structural and tectonic features of the Zmiinyi Island territory, method of rocks gamma
radiation power measuring was applied. The method is widely used for geo-mapping, helping to
obtain additional information both on the physical properties of rocks and on the conditions of their
occurrence. This study was based on measurements of the values of exposure dose rate of the rocks
natural gamma radiation obtained during research surveys on the island in 2009 - 2015. Ground
gamma surveys were carried out using SRP - 68-01 radiometer-dosimeter with BDG4-0.1 detection
unit, time constant of 2.5 s, measurement accuracy +0.5 uR/h. A network of geophysical profiles in
sub-latitudinal and sub-longitudinal directions, as well as within the southern and the north-western
massifs (Figure 1, A) were used to study the spatial variations of gamma radiation power. Distances
between the profiles made 10- 20 m and 50 — 70 m. Surveys along the profiles Nos. 1-11 were
performed in 2009, Nos. 15-27 — in 2015. The values of gamma radiation power along the profiles
Nos. 1, 9, 10 were also measured in 2013 and 2015. Measurement intervals for the profiles 1, 9 — 27
were 5 m, for the profiles 2, 3, 4, 5a, 6, 7 and 8 — 2 m. Topographic referencing of observation points
was done using geodetic measuring tape and a navigator (GPS). The actual material comprises 1770
measurements of the rocks gamma radiation power along all the profiles.

Selective measurements of gamma radiation of the layers along vertical section were carried out in the
places of rocks outcrops (Figure 1, A, B). For each layer, gamma radiation was measured at five
points and the average value was calculated. Based on the results of the areal gamma survey in 2009,
2013 and 2015, a map of the zonal-block structure of the Zmiinyi Island territory was built.

Results

Palaeozoic sediments and Cainozoic formations participate at geological structure of the island. The
bedrock of the island, represented by the Silurian and Devonian deposits, practically do not overlap,
or are overlain by an insignificant layer of modern Neogene deposits, mainly on erosional surfaces.
The Zmiinyi Island is characterized by the only section of Middle Palaecozoic coarse-detrital rocks in
the Black Sea, which has the form of a wavy monocline with general inclination of layers to the
northeast at the angles from of 8-10 to 36-45 degrees. The rocks of the island are mostly represented
by altered conglomerate-breccias and, to a lesser extent, conglomerates, sandstones and clays. In the
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castern part of the island the monocline is complicated by a small anticlinal fold and upcast along
submeridional tectonic faults with an amplitude of up to 200 m. There are two main systems of faults
on the island. One submeridional system crosses the island from north to south. The other has a
diagonal southwest - northeast direction and is the most pronounced in the complex of faulting in the
isthmus area of the island (Tkachenko et al., 1969, Sulimov, 2001, Suchkov et al., 2005, Smyntyna et
al., 2008, Cherkez et al., 2014, 2020). Rock layers bedding elements, their lithological composition,
width and direction of fractured-weakened zones determine the selective nature of erosion and
suffusion processes, weathering and abrasion-landslide denudation of the island coast and the
configuration of the coastline - alternation of capes and bays. In the coastal part, bedrocks come to the
day surface and form slopes and cliffs up to 25 m high with an angle of inclination up to 90°.

Figure 1 A - map of the factual material: 1 - profile along which measurements of rocks gamma
radiation on the surface of the island were performed; its number; 2 - outcrop along which
measurements of rocks gamma radiation on the coastal cliff were carried out; its number; 3 - the
border between edge of the slope and water edge; B - rocks gamma radiation power in the outcrop 2:
1 - conglomerate-breccia, 2 - sandstone, 3 — clay

According to results of gamma radiation power point measurement in the places of coastal cliff rock
outcrops (Figure 1, A, B) the measurement indicators are divided into two groups. The first group is
characterized by minimum values of gamma radiation power (on average 7.5 uR/h) of the cemented
conglamerate-breccias and quartzites. The second group is characterized by relatively high rates (on
average 13.5 uR/h) of interlayers of sandstones, siltstones and clays. The same indicators of gamma
radiation power were obtained for the corresponding lithological differences of rocks from profile
measurements on the surface of the island (Figure 2, A, B, C).

One of the physical signs, which is most clearly and easily recorded within the zones of expansion
and open fracturing, is a relative decrease in rocks gamma-activity due to suffusion outflow of finely
dispersed terrigenous and organogenic material under conditions of intensive fracture filtration,
infiltration and influent of atmospheric precipitation and surface waters (Shtengelov, 1980, Cherkez et
al., 2014, Melkonyan et al., 2017). Consequently, the gamma minima reliably recorded using gamma
surveys make it possible to identify zones of extension, fracturing and decompression of the rock
mass, within which exogenous processes are intensified. Geomorphological features of the majority of
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these zones in many cases include negative landforms and increase of surface and underwater slope
inclination (Kozlova et al., 2020).

Relief gradients along the profiles were determined as the difference between the absolute elevation
marks of the island surface at each individual point of the profile, referred to the distance between
adjacent points. The obtained values of the gradients were converted into absolute values. In the
spatial distribution of gamma radiation and gradients of the island surface relief, a certain structuring
can be traced due to both the peculiarities of the geological structure and lithological composition of
rocks and manifestations of processes of suffusion and accumulation of dispersed material, as well as
formation of a soil-vegetation layer (Bilanchyn et al., 2017). Comparison of the gamma radiation
power distribution with absolute gradients of the island surface relief in the sublatitudinal (profile 1)
and submeridional directions (profile 10) reveals the opposite character of their distribution (Figure 2,
A and B).

Figure 2 Distribution along profile 1 (A) and 10 (B) of the absolute gradients of the island surface
topography (1 - scale on the left) and gamma radiation from mountain rocks (2 - 2009, 3 - 2013 —
right-side scale); map (C) of rocks gamma radiation power spatial distribution on the territory of the
Zmiinyi Island. 1 - disjunctive disorders according to published data (Tkachenko et al, 1969, Sulimov,
2001, Suchkov LA. et al, 2005); 2 - zones of decompaction and tectonic disturbances identified based
on the results of areal gamma survey

According to the results of areal gamma-ray survey the areas of relatively high background gamma
radiation power of rocks are identified in the western upland part of the island in the outlet strip in the
bedrock of silty sandstones and variegated clays, as well as within the northeastern lowered part of the
island where in the erosional and denudation forms of relief bluish, greenish-grey and red-coloured
clay rocks of the Quaternary age are exposed (Figure 2, C).

Conclusions
According to the results of the studies spatial variability of gamma radiation power of rocks has been
revealed, caused by their lithological heterogeneity and the presence of zones of increased fracturing,
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porosity and decompaction of rocks. Using the “gamma-minimum” criterion, fractured-weakened
zones were identified, formed as the result of combined impact of a wide range of physical and
geological processes and forming of zonal-block structure of the island's rock mass. Comparison of
location of the identified decompaction zones with disjunctive disturbances identified in the works
(Tkachenko et al., 1969, Sulimov, 2001, Suchkov et al., 2005) indicates that their location
corresponds to the areas with relatively low gamma-ray power. The results received indicate that it is
promising to use the accepted "gamma minimum" criterion to identify the tectonic disturbance zones
and build schemes of the Zmiinyi Island territory zonal-block structure.
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