FEONIONIA

UDC [551.242.1.03+622.831.3](477.6)

T. P. Volkoval, Dr. Sc. (Geol.), Prof., 1 — State Higher Educational Institution “Donetsk National
0. V. Nikitenko! . Technical University”, Pokrovsk, Ukraine,

O.G. Chernysh?, Cand. Sc. (Geol.), Assoc. Prof. e-mail: voltep@rambler.ru; paleontologist@yandex.ua
2 — Federal State Autonomous Educational Institution of

Vocational Education “Far Eastern Federal University”,
School of Engineering, Vladivostok, Russia, e-mail: xanfia@
yandex.ua

TECTONOPHYSICAL ASPECTS OF THE DEVELOPMENT
OF GEOLOGICAL STRUCTURE OF THE WESTERN CLOSURE
OF THE HORLIVKA ANTICLINE OF THE DONBAS

T.I1. Boakosal, a-p reon. nayk, npod., 1 — Jlep:kaBHMIA BULLI HABYAIBHUIA 3aKJ1al ,,JlOHELIbKII Ha-
0O.B. HiKiTeHKol, LIiOHABLHUI TeXHIYHU yHiBepcuTeT, M. [ToKpoBChbK, YKpa-
O.T. ‘IepHnmz, KaH/l. reoJ. HAYK, JOII. iHa, e-mail: voltep@rambler.ru; paleontologist@yandex.ua

2 — DenepalbHUN Aep>KaBHU aBTOHOMHUI HaBYAIbHUI
3akyan npodeciitHoi ocBiTh ,,JlanekocxinHuii denepaib-
HU#l yHiBepcuTeT*, IHXeHepHa 1IKoja, M. BiaguBocTok,
P®, e-mail: xanfia@yandex.ua

TEKTOHO®I3NYHI ACIIEKTU PO3BUTKY TI'EOJIOI'TYHOI
CTPYKTYPU 3AXIJ/IHOTO 3MUKAHHS I'OPJIIBCBKOI
AHTHUKJITHAJIT JOHBACY

Purpose. The present study focuses on the analysis of the geological structure, stress and strain fields of the
western closure of the Horlivka anticline to present a general development mechanism with regard to tectono-
physical features, and to determine whether the structural complexity of the study area is consistent with a single
regional stress field or not.

Methodology. The kinematic and structural data available for the study zone have been studied. Further, fault
data, including both the fault plane and slickenline orientations, and the sense of movement have been studied by
the kinematic analysis method of O. Gushchenko to estimate characteristics of the mesoregional stress field and
the total strain field. Local stress data have been processed by the method for determination of general stress fields
to provide for reconstruction of principal normal stresses which are arbitrarily considered as regional stresses.
Relative age chronology and staging of tectonic stresses have been processed by the stress monitoring method.

Findings. NW-trending dextral and NE and N—S-trending sinistral strike-slip faults prevail among other
faults. Mesoregional stress field characterized by subhorizontal NW—SE maximum (o;) and NE—SW minimum
(o)) principal axes, and apparently originated in Laramide time of Alpine orogeny is strike-slip faulting type and
the youngest for the Donets Basin. Extension axis (g;) of the strain ellipsoid is NW and N—S oriented, and short-
ening axis (g;) is NE oriented nearly orthogonal to the anticline axis. Strike-slip faulting type of total strain field
was determined for the most part of the western closure of the Horlivka anticline area, and according to the Lode—
Nadai coefficient (u, = +1), deformations on the study area had been going mainly under shear conditions. The
pattern of a single structural paragenesis of deformation elements of the study area, including a conjugate strike-
slip fault system, dome-shaped fold and longitudinal thrusts in its limbs, was developed due to the right-lateral
displacements along the longitudinal strike-slip fault system within the Main anticline paraxial part.
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Originality. Strike-slip faults and large shear zone are revealed in the geological structure of the study area,
and their morphology, development, and interaction of structural elements are characterized. The primary char-
acteristics of the stress fields of local and mesoregional level, including its relative age chronology and staging, and

of the total strain field are reconstructed.

Practical value. Taking importance of the results obtained by the kinematic method into account, applying of
new forecasting methods based on reconstruction of primary tectonophysical characteristics and reconstruction

of deformation mechanisms appears to be needed.

Keywords: kinematic method, stress and strain fields, Lode— Nadai coefficient, slickenlines, strike-slip

Jault, shear zone, structural paragenesis

Introduction. Understanding the regularities, de-
velopment mechanisms, and spatial distribution of
tectonic dislocations plays an important role in both
academia and industry, where it may be used for both
elaborating the physical theory of the development of
deformation processes in the Earth’s crust, and in
forecasting, prospecting, and exploration of mineral
deposits, mining at deeper levels in more difficult geo-
logical conditions.

Any kinds of geological forecast on various stages
of mining sequence should be based on explanation of
deformation mechanisms and history of the crust part
development. Key issues concerning its reconstruction
are: 1) what were the main directions of active tectonic
forces under which the geological structure at different
stages over geological time was formed; 2) which stress
fields were active while the geological structure was
forming; 3) what deformation and dislocation distri-
butions within the structure are?

Tectonophysical study is one of the effective ways
to objectively estimate it by determination of regulari-
ties of the stress distribution and development of tec-
tonic deformation, appearing within the crust. In spite
of having various kinds of modeling to solve tectono-
physical problems now, field tectonophysics data may
make an essential addition to the final results. Further-
more, the surface and underground mining used in
layered sedimentary deposits creates very favorable
conditions for that. For instance, application of the
longwall mining method in thick coal seams, along
with geological mapping and documentation of un-
derground workings in detail, allows studying geologi-
cal structures on a true scale, and to record morphol-
ogy changes both all over the planar surface and cross
section.

Analysis of the recent research. The Main anti-
cline of the Donets Basin is of great interest as a sub-
ject of tectonophysical study not only because of its
structural complexity and development mechanism,
but also due to their effect on the safe high-efficient
exploitation of coal.

As one of the major segments of the Main anti-
cline, the Horlivka anticline is known, first and fore-
most, for Nikitovka ore field occurred in the crest part
of the fold. Structures of Nikitovka ore field have been
investigated and mapped in detail for a long time. Var-
ious massif deformation elements were geometrized
there, its morphology and kinematics were deter-
mined, and stress fields for many localities, mine
fields, deposits and the region as a whole were recon-
structed.

The stress field reconstructed for Nikitovka ore
field is characterized by a subhorizontal NW-plunging
(330°) maximum principal stress axis o3 (maximum
compression) and a subhorizontal SW-plunging (245°)
minimum principal stress axis o; (maximum tension)
[1—3]. The stress field axes are oriented in directions
diagonal to the Horlivka anticline, a major ore-con-
trolling structure, and symmetric to second-order
dome-shaped folds complicating the crest of the Hor-
livka anticline. Moreover, a o3 axis is invariably per-
pendicular to the dome-shaped fold axes. The ore field
structure was developed under conditions of a special
pulsating type of the massif stress state, changing from
uniaxial compression to uniaxial tension and vice ver-
sa. This stress field that apparently originated in
Laramide time of Alpine orogeny is the youngest for
the Donets Basin.

According to the reconstructed stress field charac-
teristics, fault kinematics and orientation of structural
deformation elements, Korchemagin interprets the
Main anticline as over-fault fold, developed in the
Carboniferous ductile sedimentary series due to the
right-lateral displacements along the zone of the Cen-
tral Donets deep-seated fault, that also resulted in the
development of the structure of the crest of the Hor-
livka anticline and Nikitovka ore field [1]. Reflection
of the Central Donets fault in present geological struc-
ture of the study area is the Osevoy thrust, traced along
the whole length of the Main anticline axis. Those
studies have shown that all known deformation ele-
ments of the ore field, such as morphology and kine-
matics of the faults, position and orientation of the
dome-shaped folds, systems of transverse fissured
veins, straightness of segments of the longitudinal
Sekuschaya fault, are parts of the structural paragene-
sis for right-lateral faulting, and are consistent with a
single regional stress field.

Objectives of the article. Although the problems
of deformation element structural paragenesis, stress
fields of local and regional level, and also the mecha-
nism of the development of the Main anticline western
part were well studied, it should be pointed out that
area of the western periclinal closure of the Horlivka
anticline is not studied as well as Nikitovka ore field.
Now it seems to be possible to do because of new facts
of the regional geological structure, fault kinematics
and stress field characteristics, obtained through the
structural and tectonophysical works within Novodz-
erzhynska coal mine field.

The present study focuses on the analysis of geo-
logical structure and stress and strain fields of the
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western closure of the Horlivka anticline to present a
general development mechanism, and to determine
whether the structural complexity of the study area is
consistent with a single regional stress field or not.

The tasks necessary to reach these objectives are:
1) to study kinematics, morphology, and age relations
of the faults; 2) to define structural pattern of the mas-
sif deformation elements, and determine a mechanism
of its development; 3) to reconstruct main characteris-
tics of stress and strain fields of local and mesoregional
level; 4) to analyse an interaction between geological
factors and various tectonic structures, and basic char-
acteristics of stress-and-strain fields.

Methodology. Tectonic stresses have been studied
by the kinematic method [4]. The method used prin-
ciples of plasticity mechanics, in particular, the Bat-
dorf—Budiansky’s plasticity theory, and postulated the
coincidence of the fault side slip direction with the
shear stress direction on the fracture plane. Graphic
algorithm for calculating the principal stresses and
evaluating the Lode—Nadai coefficient (or ratio coef-
ficient), determining the shape of the stress ellipsoid
and the ratio of deviatoric components of principal
stresses were developed on this assumption. The input
for the study was field-measured orientation data for
faults and slickenlines from mine workings within the
Novodzerzhynska mine field (more over than
900 measurements), consisting of the orientations of
the fault planes and slickenlines, including the sense of
movement. Mesoregional level stress field characteris-
tics have been reconstructed by statistical processing of
local stereographical solutions. Local stress data pro-
cessed by the method for determination of general
stress fields provide for reconstruction of main normal
stresses which are arbitrarily considered as regional
stresses [5]. Relative age chronology and staging of
tectonic stresses have been studied by the stress moni-
toring method devised by O. Gushchenko and A. Mo-
strukov on the base of the kinematic method. It in-
sures a possibility of space-time monitoring of tectonic
fields of stresses and strains on the base of geological
data, which allows us to solve the problem of age chro-
nology of paleostresses [4]. Characteristics of the prin-
cipal axes of the total strain field have been processed
by means of specialized software GEOS developed by
O. Gushchenko and upgraded by V. Korchemagin.

Presentation of the main research. Geological
structure. The Main anticline, a major WNW—ESE-
trending (290—305°) symmetrical fold, extends 300 km
throughout the Donets Basin. Towards the west of the
Nagolny Ridge, it divides into three right-stepping en
echelon fold segments: Olkhovatka—Volyntsevo and
Horlivka anticlines, Druzhkivka—Konstantinovka
brachyanticline. Both limbs of the fold dip generally
steeply (60—65°), and the crest of the fold, wide in the
west and narrow in the east, is faulted by reverse and
strike-slip faults, trend parallel to the fold axis. The
Horlivka anticline is the most studied segment of the
Main anticline where lots of coal mines and Nikitovka
ore field are situated. Nikitovka ore field is related to
five similar dome-shaped folds, 1 km length and
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0.4 km width, exposed in roughly equal intervals
(1.4 km) within the crest of the anticline. The fold axes
appear rotated at an acute angle, typically 15—30° anti-
clockwise towards the Horlivka anticline axis. Longi-
tudinal faults of the Osevoy thrust system separate
these folds to the north and south of the anticline crest
part. Four larger dome-shaped folds expose in roughly
equal intervals (3—3.5 km) to the east and to the west
of fold set of Nikitovka ore field.

As the object of the field tectonophysical studies,
the Novodzerzhynska coal mine is the westernmost
one in the area of the western periclinal closure of the
Horlivka anticline. The Middle Carboniferous (suites
Kto M) seams over the mine field have been basically
mined. In the study area, the beds dip away from the
crest of the anticline at an angle of 30—35° on the pe-
riphery, which decreases to 10—15° near the crest. In
strike, they vary from a little west through a little north
to south of east. The whole region is traversed by an
immense number of small-scale faults. Their strikes
have such varying directions, but the great number ap-
pears to follow the three trends of sublatitudinal, sub-
meridional, and northwest. Two major faults divide
mine field from the anticline limbs: Almazny fault,
NW-trending high-angle fault with dip to the north, in
the north, and Glavny thrust, latitudinal fault with
moderate southward dip, in the south. Both of the
faults show displacements with a strong component of
right-lateral strike-slip.

In view of the observed structural complexity, the
study area was divided into two domains along the
Osevoy thrust: the first (D;), to the north, and the
second (D,), to the southwest (Fig. 1). The geological
structure of D, domain is relatively simple. Beds dip
to the southwest, and the amount of the displacement
or deformation is comparatively insignificant. In
strike, the beds are bounded by the Osevoy and Hlav-
ny thrust planes in the west—northwest and south,
respectively.

On the contrary, the structural pattern of D, do-
main is more complex, characterized by the plicative
dislocation structure severely complicated by the
faults. In their orientation, faults follow the three
trends of the northwest, west—northwest, and longitu-
dinal (N—S). NW— and N-—S-trending high-angle
(75—80°) faults with dip to the northeast and west, re-
spectively, while the dip of WNW-trending faults is
about 40° to the south—southwest (Fig. 2, a).

To form a better view of the structural pattern of
D, domain it was also subdivided into two subdomains:
the eastern (D, ), and western (D;y;,). The most im-
portant fault system in the D,z subdomain is the large
shear zone 300 m width, a NW-trending set of faults
consisting of several parallel high-angle (70—80°) fault
planes with dip to the northeast that can be followed
for 500—800 m over the domain area (Fig. 3). It is
traced to the east into the crest of the Horlivka anti-
cline where it merges into the Osevoy thrust. The en
echelon NW faults are composed of right-stepping
segments that imply a right sense of movement. The
segment set has regular spacing of 100—150 m. The
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Fig. 1. Simplified geological and structural map of
Novodzerzhynska mine field (plan of lev-
el —502m):

1 — major coal seams; 2 — faults with attitude of dip;

3 — prospecting drills; 4 — structural domain bound-
aries

CI>1,2,3,4%

c

Fig. 2. A structural pattern of D, domain (all ste-

reographic plots in this paper are upper-hemi-
sphere projections):
a — contouring of poles to faults. Osevoy thrust zone:
b — contouring of poles to faults; ¢ — contouring of
poles to slickenlines and grooves. Arcs of great and
small circles are shown by dashed lines. Poles to
those circles are shown by solid circles. DN, data
number; C,, contouring interval

slickenlines plunge gently to the southeast, giving pre-
dominantly dextral-normal oblique-slip faults.

The area between the NW-trending faults is tra-
versed by the NNE-trending set of sinistral-normal
oblique-slip faults consisting of several parallel high-
angle fault planes with 5—7 m of stratigraphic throw.
In strike, they can be followed for 400 m, and are com-
monly bounded by the former fault planes.

From kinematic and structural standpoints, these
two fault sets, NW (dextral normal-oblique) and NE
(sinistral-normal oblique), may be inferred as a conju-
gate strike-slip fault system.

Dome-shaped fold is an important point in the
context of geological structure of the D,; domain
which is not observed on the present topography and
becomes readily apparent at more than 450 m depth
below the surface. Periclinal closure and the north
limb of the fold are best exposed on the current mining
level and its south limb is cut by set of low-angle faults
of the Osevoy thrust system (Fig. 4). The fold has gen-
tly plunging (20°) hinge-line which plunges to the west
and south-dipping nearly upright (82°) axial plane.
The south limb of the fold dips 18° to the west, and the

Fig. 3. A structural pattern of the D, domain shear
zone (copy from a plan of level — 502 m):
1 — argillites and aleurolites; 2 — sandstones;
3 — limestones; 4 — coal seams; 5 — faults with sense
of slip, dip direction and dip angle of the fault;
6 — attitude of bedding; 7 — inrushes
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Fig. 4. Geological structure and stress fields of the Osevoy thrust zone (a copy of I3 coal seam mining plan):

1 — attitude of bedding; 2 — faults with dip direction and dip angle of the fault plane (for low-angle faults — layer
crop lines in the hanging and footwalls); 3 — cross section lines; 4 — mining workings: (a) horizontal (drift), (b)
vertical (rise); 5 — inrushes; 6 — points of stress fields reconstruction: (a) c; upper-hemisphere projection, (b) o,
upper-hemisphere projection; 7 — fault attitude: dip direction (numerator), dip angle (denominator), and strati-

graphic throw

north limb dips steeper (35°) than the south one to the
north—northwest. According to dimensions, geometry
and spatial orientation, the observed fold is similar to
those of Nikitovka ore field.

In contrast to the shear zone, the faulting style of
D, domain is mainly defined by WNW-trending
faults of the Osevoy thrust system, parallel to the
dome-shaped fold axis. Two sets of WNW-trending,
N- and SSW-dipping, low-angle (20—30°) thrust faults
with the stratigraphic throw of up to 20 m on some of
them have been observed there. Slickenlines are elon-
gated parallel to the dip direction. In addition to the
low-angle thrusts, network of numerous secondary
high-angle faults is developed on both the hanging and
footwalls of the thrusts. Relatively large and extensive
ones of those are: NW-trending high-angle (75°) faults
with 3—4 m of stratigraphic throw. Two sets of small
high-angle (55—70°) faults with the stratigraphic
throws of a few decimeters to a couple of meters are
mainly developed within the footwalls of the main
NW-trending faults. In strike, they appear to follow
the two trends of N—S and NE. These faults of com-
paratively small extent in strike, developing as fractures
a few decimeters to a couple of meters away from the
plane of the main fault, reach maximum stratigraphic
throw in some meters, and then attenuate completely
in 20—30 m in strike. Although these thrust-related
faults have different kinematics, one with normal
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movement and the other with a strike—slip movement,
along NW- and NE-trending faults, lateral displace-
ment prevails, and right-lateral slip along the former
faults and left-lateral slip along the latter is the rule.

On equal-area plot, as shown in Fig. 2, b, poles to
the fault planes, clustering around several distinct
maxima, distribute along a great circle which corre-
sponds to the Osevoy thrust plane. A slickenline analy-
sis also shows the symmetry of the linear elements
relatively to the Osevoy thrust plane (Fig. 2, ¢). There
are three circles on equal-area plot, where one, a great
circle, corresponds to the trace of the main fault plane,
and two other, small circles, have a common axis, ly-
ing in the thrust plane.

According to the foregoing data, movements on all
of these faults at the D,z domain most likely have ap-
peared due to general displacement of the massif along
the main fault plane.

Stress fields. Tectonic stresses in the massif lo-
calities have been studied by the kinematic method
[4]. The input for the study was field-measured orien-
tation data for faults and slickenlines from mine work-
ings within Novodzerzhynska mine field consisting of
the orientations of the fault planes and slickenlines,
including the sense of movement. Mesoregional level
stress field characteristics have been reconstructed by
statistical processing of local stereographical solutions.
Local stress data processed by the method for determi-
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nation of general stress fields provide for reconstruc-
tion of principal normal stresses which are arbitrarily
considered as regional stresses [5].

It has been determined that maximum stress axes
are concentrated in the upper left (NW) and in the di-
agonally opposite (SE) sector of the stereogram, while
minimum stress axes, on the contrary, are concentrat-
ed in the upper right (NE) and lower left (SW) sectors
(Fig. 5). At mesoregional level, the reconstructed
stress field is strike-slip faulting type and characterized
by a NW—-SE, 320—330° and 140—150°, subhorizontal
principal compression axis and subhorizontal NE—
SW, 50—60 and 230°—240°, principal extension axis.

However, despite the persistent general orientation
of the principal stress axes, some differences in its ori-
entation within the domains have been revealed. For
example, in the D, domain, as shown in Fig. 5, ¢, ¢,
plunges at a low angle southwestward (232°/30°) and
o3 is southeast and horizontal (140°/5°), lying at aver-
age bedding plane of this domain. In the D,y subdo-
main, o; and o3 plunge moderately to the northeast
(65°/24°) and northwest (330°/20°), respectively, also
lying at nearly average bedding plane of this subdo-
main (Fig. 5, a). In the D, subdomain, o, and o,
plunge moderately to the southwest (230°/28° SW) and
northwest (330°/18° NW), respectively, but the o5 axis
is located near to bedding plane and o, is lying at the
plane of the Osevoy thrust fault (Fig. 5, b).

Fig. 5. Stress fields of Novodzerzhynska mine (a to
c) and Nikitovka ore field (d):
1 — minimum principal stress axis of local (a) and
mesoregional (b) level; 2 — maximum principal
stress axis of local (a) and mesoregional (b) level;
3 — planes of principal stress axes; 4 — boundaries of
compression and extension cones; 5 — planes of bed-
ding (a) and Osevoy thrust (b)

10

There is such a feature of the structure of the re-
constructed stress field in distribution of local stress
fields as regular bending of trajectories of the principal
stress axes near the large faults, where the axes tend to
be oriented either perpendicularly or parallel to the
fault plane. These parts interchange each other along
the fault plane (Fig. 4).

The close agreement of the stress field reconstruct-
ed for the study area and Nikitovka ore field strongly
suggests one origin and one stress field that resulted in
present-day structural pattern, as can be seen in
Fig. 5, d. This stress field that apparently originated in
Laramide time of Alpine orogeny is the youngest for
the Donets Basin.

Series of six stress fields (£ to A) resulting in the
development of the geological structure of the western
closure of the Horlivka anticline has been defined and
reconstructed [6]. Directed and inherited character of
changing of the tectonic loading conditions of the geo-
logical structure of the study area is characterized by
consecutive change of the stress field type from the
oldest (F'), normal faulting type, to the youngest (A),
strike-slip faulting one. The main characteristics of the
stress fields are given in Table 1. There is no possibility
to define absolute time lags of the action of the stress
fields exactly, nevertheless the youngest stress field A is
synchronized with the youngest one reconstructed for
the Donbas and Priazovie.

Strain fields. Strain ficld is heterogeneous for the
western closure of the Horlivka anticline area. Orien-
tation of axes of total strain field and type of strain field
are changing both all over the study area and within
the large geological structures.

Maximum extension axis g; is the most invariable
and characterized by mainly gently plunging to the
southwest nearly all study area. However, as it is ap-
parent from Fig. 6, a, some divergence of g, axis orien-
tation is observed within the large faults, for instance,

Table 1
Characteristics of the principal axes of the stress fields
S )] G3
Phase | Type T
Dir./Pl. | Dir./Pl. | Dir./Pl
A S 257/3 | 154777 | 348/13 | 0.9
B R | 219/67 | 79/18 | 344/14 | 0.95
C R 187/75 347/14 78/5 0.95
D S 336/13 | 178/76 68/5 | —0.95
E N 350/15 260/1 166/75 | —0.95
F N 2592 | 350/15 | 162/75 | -0.9

Notes: Types of the stress field: N — normal; R — reverse; S —
strike-slip; Dir. and Pl. — trends and plunges of principal stress
axes in degrees; c,, ©,, o3 — minimum, intermediate, and
maximum principal axes of the stress field; 1, — Lode—Nadai
coefficient: uniaxial tension (1), uniaxial compression (+1)
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Fig. 6. Projections to a horizontal plane of the principal strain axes and distribution of the Lode— Nadai
coefficient values for the western closure of the Horlivka anticline:

a — extension axis g,; b

— shortening axis €;: 1 — horizontal projections of the strain axes (plunging is out from the

circle; the length of the projection corresponds to the angle of plunge of the axis: shorter axis — steeply plunging,
longer axis — gently plunging, centered point axis — (sub)horizontal); 2 — faults (shown sketched): 1 — Severny
thrust, 2 — Osevoy thrust, 3 — Toretzky thrust, 4 — Glavny thrust; 3 — type of strain field (corresponding to the val-
ues of the Lode— Nadai coefficient): (a) normal, (b) reverse, (c) strike-slip, (d—e) transitional (oblique—slip), (f)
octahedral; 4 — Lode— Nadai coefficient: (a) uniaxial extension (W=—1); (b) pure shear (u= 0); (c) uniaxial short-

ening (W=+1)

within the Osevoy thrust and transition zone between
Toretzky and Hlavny thrusts, where g, axis tends to be
oriented sublatitudinally (Table 2).

Maximum shortening axis ¢; is less invariable both
in strike — from meridional to sublatitudinal — and in
an angle of plunging — from subhorizontal to subverti-
cal (Fig. 6, b). Intermediate strain axis &, is the least
invariable, often in irregularly standing position from
gently to steeply (or vertical) plunging, especially with-
in the large faults.

Strike-slip faulting type of total strain field was de-
termined for most part of the western closure of the
Horlivka anticline area (Fig. 6). According to the
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Lode—Nadai coefficient (u,) which is nearly equal to
+1 or varied in range from +0.5 to —0.5, deformations
on the study area had been going under shear condi-
tions. Axial part of the anticline within Osevoy thrust
and paraxial part of the anticline southern limb within
Toretzky thrust are characterized by normal faulting
type of the total strain field, where deformations had
been going under uniaxial extension conditions
(l"’s =-1).

In the whole, it can be asserted that strike-slip
faulting strain field type is characterized by NW and
N-—S-plunging maximum shortening axis and strain
conditions which are similar to pure shear prevailing in

11
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Table 2

Variability of orientation of the principal strain axes
within the large faults of the study area

€
Dir. PL.
227-238 27-60
Severny 221-248; 335—346 11-55
thrust 234-265;51-79 | 11-29; 17—42
Osevoy 255-257; 56—79 9-30; 11—-19
thrust 33-63; 207217 0-20
Toretzky 207-217; 95125 16-30
thrust 97—135; 198—215 22-43
€3
334—342 11-18
Severny 73—104; 138—189 11-55; 13-31
thrust 136173 34-46
Osevoy 157—174 1231
thrust 115—144; 333—350 | 21—33; 57—74
Toretzky 324—-342 48—53
thrust 338-359 33-47

Notes: ¢; and g, — extension and shortening axes of local strain
fields; Dir. and PIl. — trends and plunges of principal strain axes in
degrees

the western closure of the Horlivka anticline area of
the Donets Basin. Extension axis g, of the strain ellip-
soid is oriented NW and N—S within the western clo-
sure of the Horlivka anticline, and shortening axis €5 is
oriented NE nearly orthogonal to the anticline axis.
Summing up the results, it can be concluded that the
strain tensor forms an ellipsoid similar to the stress el-
lipsoid.

Thus, the western closure of the Horlivka anticline
can be considered as the area of the extension in back
part of right-lateral strike-slip fault.

The data above allow us to suggest the shear zone
revealed in the D,y subdomain is the direct extension
of the regional right-lateral displacement within the
Main anticline paraxial part. Conjugated strike-slip
fault system was formed due to the right-lateral dis-
placements that originated in final stages of Alpine
orogeny. Horizontal displacements of the sediment
masses to the west at the south limb of the anticline
were accompanied by a compression in near-horizon-
tal plane. It resulted in the longitudinal bending of the
sediment masses accompanied by formation of the
dome-shaped fold and sublatitudinal thrust faults de-
veloped at the limbs of the fold. Horizontal displace-
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ments at the walls of thrust faults resulted in formation
of normal oblique-slip faults which might have devel-
oped as normal faults subsequently.

The findings of our research are quite convincing,
and thus the following conclusion can be drawn: a
structural pattern of the deformation elements of the
Main anticline western closure may be interpreted as a
single pattern of structural paragenesis developed due
to the right-lateral displacements along the longitudi-
nal strike-slip fault system within the Main anticline
paraxial part.

Conclusions. NW-trending dextral and NE and
N-—S-trending sinistral strike-slip faults prevail among
the other faults within the study area. Mesoregional
stress field, characterized by subhorizontal position of
NW-SE-oriented maximum principal stress axis (c3)
and NE—SW-oriented minimum principal axis (o) is
shear type. This one that apparently originated in
Laramide time of Alpine orogeny is the youngest for the
Donets Basin. Extension axis (g;) of the strain ellipsoid
is NW and N—S oriented within the western closure of
the Horlivka anticline, and shortening axis (e;) is NE
oriented nearly orthogonal to the anticline axis. Strike-
slip faulting type of total strain field was determined for
most part of the western closure of the Horlivka anti-
cline area, and according to the Lode—Nadai coeffi-
cient (u, ==*1), deformations on the study area had been
going mainly under shear conditions. The pattern of a
single structural paragenesis of deformation elements of
the study area, including a conjugate strike-slip fault
system, dome-shaped fold and longitudinal thrusts in
its limbs, was developed due to the right-lateral dis-
placements along the longitudinal strike-slip fault sys-
tem within the Main anticline paraxial part.

The present results which have just been explained
briefly, may allow forecasting to be made of structural
patterns of deformation structures that forms in right-
lateral shear zones at deeper mine levels.
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Meta. BusHaueHHSI yMOB Ta MeXaHi3My pO3BHU-
TKY T€OJIOTIYHOI CTPYKTYpU 3aXiTHOTO 3MMKaHHS
T'opniBchbKOT aHTUKITiHATTI.

Metoauka. /letajqbHe KapTyBaHHS 3 eJIeMEHTaMU
CTPYKTYPHO-MOPQOJIOTIYHOIO aHali3y BCiX BiZOMUX
TEeKTOHIYHUX €JIEMEHTIB paliloHy Ta TeKTOHOMi3UYHi
METOIN aHaJIi3y TPIIMHHO-PO3PUBHUX CTPYKTYP.

PesynsraTii. BecTaHOBNIEHO, 110 cepen poO3puUBiB
Pi3HOTO CTPYKTYPHOTO PiBHS JOMiHYIOTh 3CYBU: ITiB-
HiIYHO-3axiAHi — Mpagi, MiBHIYHO-CXiAHi Ta CyOMepu-
JNioHaJbHI — JiBi. BuaiieHo mpaBo3CyBOBUM CTPYyK-
TYypHUI mapareHe3nc aedopMalliilHUX eJIeMCHTIB
CTPYKTYpHU 3axigHOro 3MuKaHHSI ['OpJliBChbKOI aHTHU-
KJIiHaJIi, 110 MICTUTh y COOiI KOMILIEKC CIIPSIKEHUX
MiBHIYHO-3aXiIHUX Ta MEPUAIOHAJILHUX PO3PUBIB,
OpaxiaHTUKJIiHAJAbHY CKJIQAKy JOPYroro TIOPSIIKY,
KpuJja sIKO1 yCKJIaaHeHi HacyBaMM, 11O Opi€eHTOBaHi
MOB3I0BXK OCi FOJJOBHOI CKJIaIYacTOl CTPYKTYPHU Iep-
1Ioro nopsifiky. BeranoBieHo, 1110 3a TPOCTOPOBOIO
OpIEHTAIII€I0 OCi TOJJIOBHUX HOPMaJILHUX HAIIPYKEHb,
BiITHOBJIEHE T10JIe HAIIPY>XeHb € 3CYBOBUM Ta HaliMO-
sommmM 11 JlIoHeIIbKoro GaceifHy, JaTOBaHUM Jia-
paMilicbKOIO (ha3010 aTbIiICHKOTO TEKTOTeHE3Y. 3Cy-
BOBHU THII TTOJISI CyMapHUX AedopMalliil € TOMiHYIO-
YUM Ha OUIbLIIM YaCTUHI 30HM 3aXilIHOTO 3MUKAHHS
T'opiiBcbKOi aHTUKITIHAI.

HaykoBa HoBuM3HA. BusBieHi 3cyBM Ta 3CyBOBi
30HM, OXapakKTepu3oBaHa iX MopoJoris, CymyTHi
nedopmaiiii Ta MexaHisam opmyBaHHs. BimHoBieHi
TOJIOBHiI XapaKTEepUCTUKHU MOJIB HampyXeHb Ta ne-
dopmalliiit JTo0KaIbHOTO I ME30PETriOHATBHOTO PiBHSI.

IIpakTryna 3HaYMMicTh. BripoBakeHHs y mpak-
THUKY T€0JIOTOPO3BilyBaJIbHUX Ta T€OJIOrO-eKCIlTyaTa-
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LIIHUX pOOIT HOBUX HAYKOBUX METO/IB MTPOTHO3Y Tip-
HIYO-TCOJIOTIYHUX YMOB, IIIO0 3aCHOBaHI Ha PEKOH-
CTPYKLii TOJOBHUX TEKTOHOMI3MYHUX IMapaMeTpiB i
BiITBOpEeHHI MexaHi3MiB 1e(DopMalliifTHOTO IPOILIECy.

KuouoBi cioBa: xinemamuuuuii memoo, noas
Hanpyxcenb ma Odegopmauiil, Koegiyiecnm Jlode—
Haoai, wmpuxu koezanHs, 3cyeHa 30Ha, 3CY8,
CMPYKMYpHUU napazeHe3uc

enb. OnpeneneHue ycJoBUil U MeXxaHU3Ma pa3-
BUTHSI T€OJIOTUYECKON CTPYKTYpPhI 3allalHOTO 3aMbl-
KaHus ['opa0BCKOI aHTUKIWHAIU.

Metoauka. JleraibHoe KapTUpOBaHUE C 2Jie-
MEHTaMM CTPYKTYPHO-MOP(OJIOTMYECKOro aHain3a
BCEX M3BECTHBIX TEKTOHMYECKUX DJIEMEHTOB paiioHa
U TEKTOHO(PU3NUYECKUE METOAbI aHAJIM3a TPELIMHHO-
pa3pbIBHBIX CTPYKTYD.

Pe3yabraThl. YCTAHOBJIEHO, UTO CPEAX PA3PbIBOB
Pa3JIUYHOTO CTPYKTYPHOTO YPOBHS 3/1€Ch JOMUHUPY-
IOT CABUTU: CEBEPO-3anajHble — MPaBble CIABUIU, CE-
BEPO-BOCTOUYHbIE U CyOMEpUIMOHAIbHBIE — JIEBbIC.
BoineneH npaBoCcaBUTOBBIN CTPYKTYPHBIN MapareHe-
3uc aeGOopMalMOHHBIX 3JIEMEHTOB CTPYKTYpbI 3a-
MagHOro NMEPUKINHAIBHOTO 3aMblKaHUs [opoBCKOM
AHTUKJIWHAIU, BKIIOYAIOIIUIA B Ce0S KOMILJIEKC CO-
MNPSKEHHBIX CEBEPO-3aIlaJHbIX U MEePUAMOHATbHbBIX
pa3pbIBOB, OpaxMaHTUKIMHAJILHYIO CTPYKTYpPY BTO-
pOro 1nopsijika, Kpblibsi KOTOPOU OCJIOXKHEHbI HAIBU -
TOBbIMU CTPYKTypamMu, OPUEHTUPOBAHHBIMU MPO-
JIOJIbHO OCH INIABHOM CKJIaA4aTOM CTPYKTYPHhI IIEPBO-
ro TopsiaKa. YCTaHOBJIEHO, UTO MO IPOCTPAaHCTBEH-
HOM OPUEHTUPOBKE OCEM INIABHBIX HOPMaJlbHbIX Ha-
MPSIKEHUM, BOCCTAHOBJIEHHOE T10JIE HaNpPSIKEHUI
SIBJISIETCSI CABUTOBBIM U CaMbIM MojoabiM mist Jlo-
HelKoro OacceiiHa, AATUPYIOLIMUMCS JIapaMUICKOMN
dazoil anbnuiickoro TekroreHeza. CIBUIOBbIN TUIT
MoJisi CyMMapHBbIX nedopMaluii sIBASIETCS JOMUHU-
pyIOIIMM Ha 00JIblIel YacTH IIOLIAAY 3aaaHOro 3a-
MbIKaHUs [OpI0BCKOW aHTUKIUHATIU.

Hayuynas noBu3Ha. BbizejieHbI B re010rnueckom
CTPYKTYp€ U3y4aeMOro paiioHa CIBUIU W CIBUTOBbIE
30HBI, OMHcaHa WX MOPMOJIOTHS, COITYTCTBYIOIIME
nedopman M MexaHuU3M obOpaszoBaHus. Boccra-
HOBJIEHBI OCHOBHbIE XapaKTEPUCTUKU MOJIEH HATpsI-
XKEeHUil 1 aedopMaluii JIOKaJbHOTO U ME30pPEruo-
HaJIbHOTO YPOBHSI.

IIpakTHyeckasa 3HAYMMOCTb. BHeapeHue B
MPaKTUKY Te0JIOrOpa3BeqOYHbIX U TOPHO-2KCILTyaTa-
LIMOHHBIX pabOT HOBBIX HayYHbIX METOAOB MPOrHO3a
TOPHO-TE€OJOTMUYECKUX YCIOBUM, OCHOBAHHBIX HA pe-
KOHCTPYKILIMHA OCHOBHBIX TEKTOHO(U3UYECKUX TTapa-
METPOB U BOCCTAHOBJIEHMM MEXaHU3MOB nedopma-
LIMOHHOTO Mpoliecca.

KiroueBble CIOBA: KUHEMAMUUECKUI Memoo,
noas HanpsaxceHuil u degpopmayuil, Ko3pduyuenm
Jode—Haoau, 3epkana ckoavdcenus, coeuzoeas
30HA, cdeUe, CMPYKMYPHbBLI NaApazeHe3uc
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