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Abstract. The article presents structural and geotectonic features of Iturup Island, the largest island in the Greater Kuril
Ridge, a unique natural site, which can be considered as a geological reference. The structural and geotectonic analysis
carried out on the basis of a comprehensive study of the new Earth remote sensing data, maps of anomalous geophysical
geophysical fields, and other geological and geophysical materials using modern modelling methods made it possible
for the first time to identify or clarify the location of previously discovered discontinuous faults, typify them and de-
termine the kinematics, as well as to establish a more reliable spatial relationship of the identified structures with mag-
matism with the stages of the geological development of the region. The constructed diagram of the density distribution
of the zones with increased tectonic fracturing shows a significant correlation between the distribution of minerals and
weakened areas of the Earth's crust and can be used as an alternative method for predicting minerals in the study region,
especially in remote and hard-to-reach areas. The presented approach can be extended to the other islands of the Greater
Kuril Ridge, thereby bringing research geologists closer to obtaining the answers to questions about the features of the
geotectonic structure and evolution of the island arc. The use of customized software products significantly speeds up
the process of interpreting a large array of geological and geophysical data.

Keywords: Kuril island arc; lineament analysis; Iturup; tectonic fracturing; hydrothermal magmatic systems; seismo-
tectonics
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Introduction. Ideas about the geotectonic structure of the Kuril Islands have been debatable
for many decades. Until the end of World War 11, South Sakhalin and the Kuril Islands remained terra
incognita for Soviet scientists. In 1951, the first integrated geological exploration on Iturup Island led
by P.A.Pyankov identified two large discontinuous faults, longitudinal to the general northeast strike
of the island, in its southern and central parts. During the compilation of the state geological maps at
various scales, tectonic displacements of the Kuril Islands were successively studied by
Yu.S.Zhelubovsky, V.E.Bevz, P.Yu.Kovtunovich [1-3]. Features of regional fault tectonics are re-
flected in the monographs by M.I.Streltsov, K.F.Sergeev [4-6]. In recent years, the geodynamics and
deep structure in the region have been studied by G.P.Avdeiko and T.K.Zlobin [7-9].

Most authors distinguish two main groups of tectonic faults: longitudinal and transverse to the
strike of the Greater Kuril Ridge, while constantly revising the geographical distribution of displace-
ments, their kinematics, age, and genesis. The issues related to the parameters of the seismic focal
zone and the distribution of earthquake hypocentres remain unclear [10]. Moreover, the study of the
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elements of the regional tectonic structure is important not only for understanding its geological evo-
lution [5, 11, 12], but also for studying the distribution of tectonic stresses within its limits, earthquake
prediction [13, 14], and the patterns of minerals distribution [14, 15].

This study clarifies the geotectonic structure of the Kuril island arc as a reference target of the
island arc systems (exemplified by Iturup Island). To do this, it is necessary to select the optimal
method for geotectonic analysis using geological and geophysical data and remote sensing materials,
to interpret and determine the features of fault tectonics in Iturup Island, clarify the role of discontin-
uous faults in the geological history of the region.

The Kuril island arc is in the northwestern part of the Pacific Ocean. It is an arcuate chain of the
islands that crown an elongated underwater uplift and separate the Kuril Basin from the deep-water
Kuril-Kamchatka Trench (Fig.1). According to modern concepts, the arc was formed at the conver-
gent boundary of the Sea of Okhotsk and Pacific lithospheric plates as a result of subduction of the
latter [16-18].

The Kuril island arc connects the southern tip of the Kamchatka Peninsula with the Hokkaido
Island, while the Kuril-Kamchatka deep-water trench connects the Aleutian and Japanese forearc
basins (Fig.1). The Kuril island arc (the Great Kuril Ridge) is a sequence of volcanic islands
1150 km long with an average width of 100-200 km [19].

This study investigates lturup Island, the largest island in the Kuril archipelago, located in
its southern part (Fig.1). The island extends from northeast to southwest for 200 km, it is from 7
to 27 km wide, and its area is 3175 km?. The modern topography of Iturup is geomorphologically
very young, strongly mountainous with steep slopes and numerous waterfalls, one of which, Ilya
Muromets, is one of the highest in Russia (141 m).

North Amer.
Plate
Bering Sea

Sea of Okhotsk

Sea of Okhotsk Plate

Kuril Basif

Pacific Plate

Sea of Japan

Pacific Ocean

Direction and speed of plate movement z Faultings

Fig.1. Tectonic scheme of the northwestern margin of the Pacific plate.
Study area — Iturup — marked with a red frame
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From a geological point of view, the island was
formed by the Neogene-Quaternary, mainly volcanic-
sedimentary rocks (Fig.2), which are intruded by co-
magmatic subvolcanic and extrusive-vent formations.
The lower part of the Neogene rock sequence is com-
posed of strongly displaced deposits of the Ryba-
kovskaya (Late Miocene-Pliocene) formation, repre-
sented by facially variable mafic, intermediate, and,
less often, felsic volcanic, volcanogenic clastic, and
volcanogenic sedimentary rocks. These rocks are con-
formably overlain by effusive-pyroclastic Pliocene
formations of felsic composition of the Kamuyskaya
Fm. Quaternary volcanics are products of eruptions
from more than 40 volcanoes, eight of which are ac-
tive. They are represented by a wide range of rocks,
from basalts and andesites of the Bogatyrskaya se-
quence to dacites and rhyodacites of the Golov-
ninskaya and Rokovskaya formations. The Lower
Pleistocene plateau effusive rocks of the Fregatskaya
sequence occupy an intermediate position between the
Neogene and Quaternary volcanic rocks. They consist
mainly of basalt, basaltic andesite, less often andesite
flows [2, 20, 21].

Methodology. We used an integrated approach
in this research. The main interpretive element in the
interpretation of satellite images (SI) and lineament

Fig.2. Geological diagram of Iturup Island (scale 1:1 000 000)
1-5 — volcanogenic and volcanogenic sedimentary formations

Quaternary and Pliocene-Quaternary:

1 — subaerial Neopleistocene-Holocene volcanoes of single and linear
nested type, intermediate and mafic composition
(Bogatyrsky volcanic complex);

2 — subaerial and subaqueous Eopleistocene — Late Pleistocene volcanoes,
represented by pyroclastics of dacite-rhyodacite composition
(Golovninsky and Rokovsky volcanic complexes);

3 — subaerial flat shield-like stratovolcanoes, linear-nested type structures
and lava plateaus of the Pliocene-

Early Neopleistocene (Fregatsky volcanic complex,
Pliocene-Quaternary seismic volcanic
complex in the water area) of intermediate and mafic composition

Miocene-Pliocene and Pliocene:

4 — subaquatic volcanoclastic and volcanogenic sedimentary Late
Miocene-Pliocene (Rybakovsky volcanic complex and Late Miocene-Pliocene
seismic volcanic complex) and Pliocene-Early Neopleistocene formations
(Fregatsky volcanic complex and Pliocene-Quaternary
seismic volcanic complex) of intermediate and mafic composition;

5 — subaerial Late Pliocene effusive pyroclastic formations of felsic
composition (Kamuysky volcanic complex);

Intrusive and subvolcanic Neogene bodies:
6 — felsic composition; 7 — intermediate and mafic composition

Quaternary extrusive and vent bodies:
8 — shown in the diagram scale;
9 — not shown in the diagram scale
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analysis of geophysical anomaly fields is the lineament, a straightened system ordered element of
the SI and fields, corresponding to the Earth's surface topography features and physical inhomoge-
neities of deep interiors: elements of plicative displacements (folds and uplifts), boundaries between
geological units, discontinuous fault zones, zones of increased fracturing, etc. [22, 23]. The following
lineaments are observed along the length: local (considered in the article), regional, transregional
or superlineaments, and global (planetary), on the nature of which there are different
views [24, 25].

Lineament diagrams can indirectly characterize fault tectonics in the study region [26]. Often
lineaments are found in the ordered erosion network (erosional dissection of the Earth's surface),
which allows to interpret them as weakened or permeable zones. Spatial distribution, as well as the
density and number of lineament intersections per unit area are key factors for identifying highly
permeable (most fractured) zones [27]. The authors of this study used this viewpoint when inter-
preting remote sensing data. Moreover, the applicability of the lineament analysis of space images
for identification of weakened zones in the Earth's crust in the Kuril Islands is confirmed by similar
works [28].

At the first stage of the study, the pre-processed remote sensing data were interpreted. According
to the existing methodology [29, 30], the Sentinel-2 Sls (integrated images with a resolution of 10 m
in the near infrared range) and Sentinel-1 (radar images with dual polarization: VH — horizontal and
VV — vertical receptions) are optimal for automatic interpretation for identifying discontinuous faults.
They can be downloaded from the USGS EarthExplorer service (https://earthexplorer.usgs.gov) and
the Sentinel Playground service from Sentinel Hub (https://apps.sentinel-hub. com/sentinel-play-
ground).

Lineaments in the considered Sl are detected automatically by the LINE algorithm of the PCI
Geomatica software, a widely applied module for automatic extraction of lineaments [30]. The re-
vealed structures were filtered manually by comparing various automatically interpreted images
with each other using ArcGIS 10.2.2 software. The structures, the presence and distribution of
which is confirmed by no more than one information layer, are eliminated. Their position is clarified
using a digital elevation model and topographic maps at 1:50,000 and 1:100,000 scale. In addition,
ranking operation reduced the substantial number of identified structures. Its main task was to group
lineaments according to certain characteristics (length, contrast of manifestation in remote sensing
data). Semi-automated interpretation of space images resulted in a lineament network diagram dis-
played on a digital elevation model (Fig.3). Based on the results of measuring the orientation of the
identified groups of linear structures, the direction diagrams of the zones of local tectonic fracturing
were modelled in the RockWorks software for each group separately (Fig.4) to study the patterns
of their strike. Lineament density distribution diagrams were also built using the built-in “Line
Density” tool of the ArcGIS software package, which calculates the density of linear features in
units of length per unit area.

At the second stage of the study, transform maps of geophysical anomaly fields were inter-
preted based on visual (manual) lineament analysis, which is focused on identifying the charac-
teristic features of the fields (gradient zones, changing anomaly strikes, etc.) [26]. The maps of
magnetic anomaly and gravity fields and various transforms to them were used as factual material.
The axes of positive anomalies in the map of the horizontal component of the magnetic field
gradient correspond to the boundaries between media with different magnetization (tectonic
blocks, geological units, zones of increased fracturing, etc.) [31].
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Fig.3. Scheme of the lineament network in Iturup Island (1:2,500,000; inset scale 1:200,000),
on a digital elevation model (built in ArcGIS 10.2.2 software)
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Fig.4. Direction of the zones of tectonic fracturing in Iturup Island (values are indicated by the sum of the length in a given
direction in metres): a — for lineaments of all ranks; b — first; ¢ — second; d — third rank
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At the final stage, it is necessary to consider a priori geological information to prove the
tectonic nature of the lineaments identified in remote and geophysical bases. The most reliable
information layer for confirming the presence of tectonic faults was field observations made by
the authors of this article in 2019-2020. Due to the strong turfiness of the island land and inac-
cessibility of some areas, large tectonic faults can be identified by mapping indirect features: the
presence of brecciation zones, increased fracturing, cataclase, a network of small faults feathering
the main one, thermal water sources; hydrothermally altered rocks; distinct manifestation in to-
pography (extended ledges, depression zones, elements of the hydraulic network and other linear
forms). Unfortunately, it is impossible to confirm each identified structure with field observa-
tions, but we also used field observations of predecessors in regional and prospecting works at
various scales, unpublished and library materials of exploration work (large-scale maps, drilling
results, electrical exploration, etc.) to identify discontinuous faults. Spatial position of each linea-
ment was compared with geological mapping data. Moreover, lineament diagrams compiled from
the SI and maps of potential fields were compared. Structures that contradict the geological basis
(geological maps, tectonic schemes, etc.) were rejected in the visual mode. In addition, we
considered the geological history of the region, which should be noted when interpreting hetero-
geneous data [32].

We used the data on the spatial distribution of earthquake foci to construct a diagram of faults.
This made it possible to study the nature of tectonic stress in the earthquake source and its geometry.
This is necessary for assessing the kinematic parameters of both individual tectonic displacement and
the whole zone. To make the constructions we chose the catalogue of earthquake source mechanisms
over the last 10 years according to the data of the National Research Institute for Earth Science and
Disaster Prevention (NIED). Only shallow crustal earthquakes were considered, which are not in-
cluded in the seismic focal zone, the depth of which in the region of the South Kurils volcanic front
is 105-110 km [33] at the crustal thickness in Iturup Island area of 30-40 km [34], i.e., in the Earth's
crust and part of the upper mantle.

After the final verification of the structures identified in the lineament diagrams by compar-
ing them with each other, with field observations and other data on the geological structure of the
area, we placed them in the diagram of tectonic faults of Iturup Island using ArcGIS and Rock-
Works software products. Based on the results of the constructions, a database of Iturup Island
faults was built.

Results and discussion. After interpreting various satellite images (Sentinel 1-2) of the study
region and their layer-by-layer superposition, we built a diagram of Iturup Island lineament net-
work placed on a black-and-white digital elevation model (see Fig.3). Since the scale of construc-
tions is 1:200,000, the diagram does not show the structures less than 200 m long. An essential
element for the subsequent assessment of the distribution of tectonic fracturing in the Earth's crust
is ranking the lineaments based on their length and contrast manifestation in the SI. Thus, 2855
linear structures of three ranks were distinguished on Iturup Island: 1st rank — 108 units with
average length of 3352 m; 2 — 739 units with average length of 1038 m; 3 — 2008 units with
average length of 431 m.

To assess the distribution patterns of the directions of local tectonic fracturing zones, we con-
structed rose diagrams for each selected group of lineaments (Fig.4). They can be used to determine
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the alleged reasons for the formation of zones. The data obtained indicate that the east-northeast
(ENE) strike of the structures is dominant for the destruction zones in lturup Island. The predomi-
nance of such a direction (Fig.4, a) can be explained by the effect of regional tectonic stress. Accord-
ing to the distribution analysis of focal mechanisms of earthquake foci in the Kuril island arc, the
compression environment prevails. According to G.P.Avdeiko [33], the angle between the direction
of motion of the Pacific Plate and the strike of the arc in the South Kurils area is 45-50°. The strike
azimuth of the Kuril island arc varies from 55° in its southern part to 30° in the northern Kurils region.
If we take 40° as an average value, then the direction of movement of the Pacific Plate in Iturup Island
region will be 350-355°. Offset azimuths of stations in the Kuril geodynamic network for 2007-2015
for Iturup Island are approximately 305° [34]. The presence of regional compression in the north-
north-west (NNW) direction can be reliably confirmed. Consequently, the revealed predominance of
the ENE strike of fractured zones can be explained by the model of weakened zones formation ori-
ented perpendicular to the compression axis [10]. In the Paramushir Island, which is in the northern
part of the Kuril island arc, the tectonic fracture zones show the NE orientation [28], which can be
explained by the variability of subduction parameters along the island arc [33].

Longitudinal (relative to the arc strike axis) strike is not typical (Fig.4, b) of the lineaments of
the first rank. This group incorporates the largest structures, the average length of which is a few
kilometres. As noted, the longitudinal orientation of the destruction zones is caused by compression
in the NW-NNW direction. The initiation of transverse structures can be due to alternating modes of
tension and compression in the NE direction [9]. It is highly likely that the most pronounced and
extended linear structures serve as indicators of fracture zones of large faults, which, according to the
existing tectonic schemes (see Fig.2), have a transverse (NW) strike.

Lineaments of the second rank often feather structures of the first rank, which causes a wide
range of their strike (Fig.4, ¢) and maxima in the longitudinal and transverse directions. The length
of these structures rarely exceeds 2000 m and averages 1000 m.

Lineaments of the third rank are the most numerous group, which incorporates the least extended
structures. Due to their number, many times greater than the sum of lineaments of the first and second
ranks, their strike forms a general trend (Fig.4, d).

A major step in this study was the construction of a diagram for the density distribution of the
lineaments in the island (Fig.5). Density and number of lineament intersections per unit area are key
factors for highlighting highly permeable (most fractured) zones [27] (coloured in red). These zones
correspond to active volcanic structures: ridges (Grozny, Bogatyr) or single volcanoes (Atsonopuri,
Bogdan Khmelnitsky). Increased destruction of the Earth's crust is also characteristic of areas associa-
ted with explosive Neopleistocene volcanism: Vetrovoy Isthmus, Mount Golets. Moreover, the dia-
gram shows mineral deposits (with the exception of construction materials and titanium-magnetite
placers), bearing a significant correlation between the distribution of minerals and areas with in-
creased concentration and intersections of lineaments. Thus, the diagram of tectonic fracturing zones,
built with the help of a comprehensive interpretation of remote sensing materials, can be used as an
alternative method for predicting minerals in remote and hardly accessible areas not only in Iturup
Island, but also in the island arc as a whole.

Field observations played a key role in verifying the tectonic nature of the identified linea-
ments. They registered tectonic faults (Fig.6) corresponding to the extracted structures:
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Fig.5. Diagram of distribution of local tectonic fracturing zones in the upper crust of Iturup Island
(2:2,500,000, inset scale 1:200,000)

« Northern part of the inset (Fig.7), in the Olya Bay area, shows a series of lineaments attributed
to the third rank. In the course of field work, the authors mapped a series of faults (Fig.6, a, b) and
the associated zone of polymetallic mineralization (Pm). The faults are dipping near vertically with
ESE and SE strikes. According to the interpretation scheme, the length of the lineament correspon-
ding to the disjunctive does not exceed a few hundred meters. Strong weathering and alteration of the
host rocks does not enable to establish their kinematics reliably.

* On the Sea of Okhotsk coast of Iturup Island, 1.5 km south of Cape Isoparauri, the diagram
(Fig.7) marks a lineament of the second rank 1200 m long, observed along the bed of a nameless
stream. Field work revealed strong bedrock fracturing in this place, which increases when approaching
the stream mouth. We mapped small faults of various directions, which probably feather the main
disjunctive, passing along the stream valley, and tension cracks, along which dikes intruded, with
steep near-vertical dippings (Fig.6, c, d).
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* Interpreting revealed a lineament of the first rank in the middle reaches of the Kuibyshevka
River. The presence of a tectonic fault passing along the channel of this river is confirmed by the
works of the predecessors and field observations of the authors of this article (Fig.6, e). The host
rocks in the sides are strongly fractured (Fig.6, f), some fractures are up to 10 m long; the main fault
is feathered by a series of thin and short faults (Fig.6, g). There are brecciation zones from a few
meters to a few tens of meters thick.

Fig.6. Tectonic faults in Iturup Island
observed during field work

a, b — northwestern cape of Olya Bay;
¢, d — Sea of Okhotsk coast, nameless cape
1.5 km south of Cape Isoparauri;
e —middle course;
f, g — right side of the Kuibyshevka
River mouth
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Fig.7. Diagram of tectonic faults in Iturup Island with mineral deposits, with the exception of construction materials
and titanium-magnetite placers (1:2,500,000, inset scale 1:200,000)
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The analysis of focal mechanisms of earthquake foci distribution shows that, along with numer-
ous shifts with reverse kinematics, structures with complex morphology strike-slip- and reverse faults
are present (see Fig.7). The kinematic parameters of seismic movements confirm the general com-
pression environment in the region. In particular, this is well manifested in the hypocentres of earth-
quakes in the Kuril Basin. Unfortunately, a relatively small number of foci accounts for the island
land. Nevertheless, using the map of the horizontal component of the magnetic field gradient, we
determined the kinematics and proved the modern activity of the largest longitudinal structures in the
coastal water area. The scale, occurrence elements, and morphology of these tectonic displacements
suggest that they were formed simultaneously in the same tectonic regime. The presence of displace-
ments of this group within the island land and the nature of the mutual arrangement relative to the
displacements of other groups allow us to speak of their earlier formation.

To build a diagram of tectonic faults in Iturup Island (Fig.7), we compared the lineament network
diagram (see Fig.3) with the interpreted maps of geophysical anomaly fields, the results of our own
field observations and those of predecessors, with existing tectonic and geological maps of the region
and other sources of geological and geophysical information. As a result, with almost 3000 identified
lineaments in various satellite images and about 300 in the maps of magnetic anomaly field trans-
forms, we identified and confirmed the presence of 212 discontinuous faults in the study region. We
allocated mineral resources in the diagram using generally accepted symbols in order to assess the
ore-controlling role of tectonic faults and the distribution features of various genetic types of raw
materials and disjunctive structures.

We identified three groups of tectonic faults during constructions based on the strike, time of
occurrence, and scale of structures. Since the construction scale is 1:1,000,000, the diagrams do not
show numerous faults less than 1 km long.

Faults of the first order are the deepest and most extended displacements in the study region.
This group incorporates two discontinuous faults: in the central part of the island (Rubchikovsky
Fault [20]) and in the coastal area (probably a fragment of a large fault that limits the Greater Kuril
Ridge from the Middle Kuril Trench). These structures are covered by overlying deposits, so they are
weakly registered in the SI, but are reliably distinguished in the geophysical anomaly field maps.
Based on the northeastern (longitudinal) strike and the earliest occurrence, their development can
probably be associated with the Kuril Basin formation in the Early Miocene during rifting [18].
However, the distribution of modern seismic shifts shows compression within the backarc basin
(Fig.7), which may be due to the complex nature of the Pacific Plate subduction, probably with slip
elements. In the islands of Kunashir and Urup, within the South Kuril segment of the island arc,
plutonic massifs of the Prasolovsky plagiogranite-diorite complex are recorded. A number of authors
[5, 6] suggest the key role of longitudinal faults in the distribution of intrusive bodies in the Kuril
Islands. According to the recent estimates [35, 36], the age of the Prasolovsky complex rocks, sam-
pled in the northern part of the Kunashir Island, is ~31 Ma (Early Oligocene). Thus, for longitudinal
faults, it is fair to assume that they occur at the Paleogene/Neogene boundary. Faults of the first order
are characterized by a complex normal fault, less often strike-slip (southern part of Iturup Island)
kinematics, which is determined by the focal mechanisms of earthquake foci and the morphology of
the longitudinal Central Kunashir fault, similar to them, located on the neighbouring Kunashir Island
[20]. Despite the fact that the Rubchikovsky fault was identified earlier, the present study revealed its
relationship with the Kuibyshevsky fault, a second-order structure.

Second-order faults incorporate structures more than 5-6 km long. They are often complicated
by third-order discontinuous faults. These structures are pronounced in the Sl, less often in other
materials, while to some extent confirmed by the Sl (the presence of lineaments of the first rank or
the linear distribution of lineaments of higher ranks) and/or field observations (zones of brecciation,
increased fracturing, cataclasis, hydrothermally altered rocks, reliably traced in the topography by
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assessing morphotectonic features, deep U-shaped river valleys, etc.). They coincide with positive
anomalies in the map of the horizontal component of the magnetic field gradient. In the geological
basis, such discontinuous faults are accompanied by subvolcanic bodies of Pliocene age, which al-
lows us to assume their rather deep occurrence and Neogene age. Such deep long-lived faults are
supply channels for metal-bearing solutions that form ore mineralization. For example, the Pereval-
noye gold-silver occurrence in the central part of the inset (Fig.7) is associated with quartzite bodies,
which are stockworks that arose at the intersection of faults of northeast and near-meridional strike
(according to unpublished materials by P.Yu.Kovtunovich). We can reliably state that the discontin-
uous faults of this group are younger than the first-order faults, since they displace them in some areas
(for example, the Kuibyshevsky fault in the central part of Iturup). Second-order faults in the study
region are predominantly transverse, i.e., NW trending. They are characterized by normal fault, strike-
slip, less often reverse fault kinematics (see Fig.2) and determine the island topography (divide the
island into a system of uplifts and troughs) [20]. Most of them are active even now, which is con-
firmed by the distribution of sources of shallow earthquakes, outflows of thermal springs, and their
characteristic manifestation in the topography. During their study, the authors clarified the position
of some structures (Tebenkovsky, Reidovsky, Dobryninsky faults, etc.) in the constructed diagram.
The presence of several faults identified earlier was not confirmed. In addition, fault tectonics of the
least studied and hardly accessible the Medvezhy Peninsula was clarified. We assume the presence
of a number of transverse structures in the Bogatyr Ridge and Dobry Isthmus area.

Third-order faults are structures rarely more than 5 km long. Among the identified groups, these
structures are the youngest and least deep. They correspond to lineaments of the second rank or linea-
rly distributed lineaments of the third rank, often act as feather faults of the second order. They are
weakly expressed in the geophysical field maps. Nevertheless, they are reliably registered during field
work, but differ from the main ones in a smaller thickness of the zones of fragmentation and alteration
of rocks. They are concentrated in areas with volcanic activity, therefore, despite their size, they are
expressed in the topography along the hydro network, ledges, and other landforms (for example, in
the vicinity of the Bogatyr Ridge on the Sea of Okhotsk coast, they are noted by numerous waterfalls
in the rocky coast). They have complex kinematics and irregular strike. Characteristic geomorpho-
logical features confirm their modern activity. Moreover, third-order faults are supply channels for
the circulation of solutions, the discharge of which occurs in the form of thermal springs and steam
hydrotherms. For example, the Okeanskoye field in the eastern part of the inset (Fig.7), with outcrops
of sulphurous steam-gas jets and thermal springs in small thermal fumarole fields. Their activity is
associated with the deposition of native sulphur (according to unpublished materials by P.Yu.Kovtu-
novich). There is a hypothesis [6] that displacements developed on the slopes and at the foot of vol-
canic ridges indicate the presence of deep faults that can serve as supply channels for magmatic melt,
which provides linear nested volcanism within the Kuril Islands. However, the results of the con-
structions do not allow either confirming or refuting this theory. Despite the fact that these discon-
tinuous faults are the most numerous group in the island, most of them were not shown in previously
published maps. Nevertheless, according to the analysis of primary materials, more than half of the
structures in this group are attributed to the latest edition of the State Geological Map at 1:200,000
scale. This can be associated with the fact that third-order faults are easily registered during field
work, since they are the youngest and are confined to modern volcanic and tectonic activity. Moreo-
ver, large-scale exploration and prospecting work was carried out in the central part of the island in
the XX century. These reports noted some of the structures in this group.

In addition, circular structures are registered in the island. They are represented by the Quater-
nary and Late Neogene (Tsirk caldera on the Medvezhy Peninsula) calderas associated with explosive
volcanism.
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Conclusions. To study the geotectonic structure of Iturup Island we applied an integrated ap-
proach based on the interpretation of remote sensing materials and geophysical anomaly field maps.
The presented approach using customized software products significantly speeds up the interpretation
process for identifying the tectonic structural elements, while the results obtained do not contradict,
but complement the existing ideas about the geological structure of the area; i.e., the use of innovative
approaches is a necessary factor for the development of the raw material base in the region [23].
However, the tectonic nature of the revealed structures can be confirmed, and the data obtained can
be used to study the deep structure of the area only with a comprehensive geological and geophysical
analysis of the interpretation results, while involving more sources of geological and geophysical
information increases the reliability of the final results. It is difficult to apply this technique to estab-
lish the parameters of identified faults, especially in poorly exposed areas, which can be overcome
by using the results of more detailed geological and geophysical investigations.

The constructed discontinuous faults diagram makes it possible to clarify the geotectonic features
of Iturup Island structure, as it shows discontinuous faults that have not been previously recorded.
For previously noted faults, we clarified the position and association with the geological history of
the region. We confirmed the ore-controlling role of the identified structures in the study region. Deep
long-lived faults are supply channels for metal-bearing solutions, the discharge of which occurs in
the form of thermal springs and steam hydrotherms, carrying the mineralization of non-ferrous, rare,
and noble metals. The outflows of thermal waters are associated with fracturing and discontinuous
faults zones in volcanic rocks. Depending on the time of occurrence and scale, we identified three
groups of faults in the study region. The largest and deepest structures of the first order probably
formed at the beginning of the Neogene (end of the Paleogene?), at the earliest stages of development
of the study region. The formation of second-order discontinuous faults occurred in the Neogene;
they form the island topography and break it into a system of troughs (Vetrovoy block, Roka block)
and uplifts (Sibetorsky, Kuibyshevsky blocks) [20]. The faults of the third order, first of all, are con-
fined to the centres of modern volcanism development (Bogatyr, Grozny, etc. ridges).

Lineament analysis of the Sl revealed the dominant east-northeast strike of the fracture zones
(see Fig.3). The predominance of such a strike can be explained by the model of the formation of
weakened zones oriented perpendicular to the compression axis. Compression settings in the north-
north-west direction was confirmed by the distribution of modern tectonic movements.

The diagram of distribution zones of local tectonic fracturing in the upper part of the Earth's crust
(see Fig.5) shows that modern volcanic structures are characterized by the highest values. The areas
of mineral concentration are also associated with these regions. This is due to the fact that tectonic
fracturing can extend to great depths, forming paths for ascending flows of magmatic melts and deep
circulating solutions to the Earth's surface. Thus, similar diagrams can be used as an alternative
method for forecasting minerals in the Kuril Islands in hardly accessible regions.
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