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SUMMARY

The stability of the host rock in underground mineral deposit mining depends on multiple
factors, particularly the physical and mechanical properties of the rocks and the stress state of
the massif. Rocks are primarily affected by the gravitational field and are subject to lithostatic
loading, which may be superimposed by technogenic and tectonic stresses. Unlike lithostatic
pressure, tectonic stresses are not uniformly distributed and may be concentrated in certain
areas of the massif resulting in increased rock pressure or gas-dynamic phenomena within the
mine workings. It is therefore important to consider the tectonic stress component when
assessing the stress state of the massif. By using fault-slip stress inversion, the author aims to
extend the interpretation of the tectonic history of the Horlivka anticline, the most explored
segment of the Main anticline of the Donbas due to the coal mining operations, and to
understand how tectonic stress fields impact the safety and efficiency coal mining. This study
contributes to the understanding of the factors behind the catastrophic rock collapse in the Is
coal seam face at the Novodzerzhynska mine, the westernmost coal mine within the western
periclinal closure of the Horlivka anticline, Central Donbas.
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Introduction

The stability of the host rock during underground mining of mineral deposits depends on a variety of
factors, particularly the physical and mechanical properties of the rocks and the stress state of the
massif. Rocks are primarily affected by the gravitational field and are subject to lithostatic loading,
which results from the weight of the rocks' thickness. This lithostatic load field may be superimposed
by technogenic, caused by mining activities, and tectonic stresses. Unlike lithostatic pressure, tectonic
stresses are not uniformly distributed and may be concentrated in certain areas of the massif. As a
result, local stress concentrations may occur, often related to areas of reactivated or newly formed
faults. Within mine workings, such concentrations can manifest as increased rock pressure or gas
dynamic phenomena (e.g. Korchemagin et al., 2006; Beseda et al., 2007). Field observations have
shown that intense shear stresses are present in these areas and can cause obliquely directed loads,
significantly reducing the support’s load-bearing capacity. The stress concentration may differ
significantly depending on the direction of the longitudinal axis of the mine working relative to the
active tectonic forces vector direction. Thus, it is essential to consider the tectonic stress component
when assessing the stress state of the massif.

The author aims to use fault-slip stress inversion to extend the interpretation of the tectonic history of
the Horlivka anticline of the Donets Basin and to comprehend the impact of the stress fields on the
safety and efficiency of coal mining. With his work, the author contributes to understanding the
factors behind the catastrophic rock collapse in the Is coal seam face at the Novodzerzhynska mine,
Central Donbas.

Method

Middle Carboniferous sedimentary rocks were examined in the Novodzerzhynska coal mine workings
during the field tectonophysical studies, which focused on geometric, morphological, and kinematic
analysis of brittle structures such as faults and fractures. Paleostress analysis was carried out on the
collected fault orientation and kinematic data using O. Gushchenko's kinematic method. This method
is based on the Batdorf-Budiansky theory of dislocation slip and assumes that (1) elasto-plastic
deformation in a given homoaxial stress field occurs both by displacements along newly formed
fracture (fault) surfaces and by displacements along pre-existing weakened sections of any age and
genesis; (2) each displacement causes a perturbation of the stress field at a lower scale level, while the
initial stress field remains unchanged; (3) the direction of the displacement along the surface of the
fault plane coincides with the direction of the tangential stress on that surface and corresponds to the
given stress field. An essential prerequisite for using the kinematic method is that slickenlines
represent the most recent (youngest) shear tectonic motions, whilst older motions are either erased or
poorly preserved (Sim, 2013; Rebetsky et al., 2017). To reconstruct the tectonic stress parameters in
the local massif volumes, the entire set of field-measured fractures and the displacement vectors
determined on their walls were used. Mesoregional stress field parameters for individual domains and
the coal mine as a whole were obtained by statistical processing of local stereographic solutions. All
stereographic plots are upper-hemisphere projections. The minimum and maximum principal normal
stress axes are further referred to as the extension o, and compression o3 axes, respectively. The term
joint refers to all primary fractures along which no displacement has been observed. Shear fractures
along which displacement occurs are described as fractures.

Results

Regional and local structural setting. The Main anticline, a large WNW-ESE trending (290-305°)
symmetrical fold, extends 300 km across the Donets Basin. West of the Naholnyi Ridge, it divides
into three right-stepping en echelon fold segments: the Olkhovatka-Volyntsevo and Horlivka
anticlines, and the Druzhkivka-Kostiantynivka brachyanticline. The Horlivka anticline is the most

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

explored segment of the Main anticline, with numerous coal mines in its limbs and the Mykytivka
mercury deposit, which is related to five similar dome-shaped folds in the crest of the anticline.

The Novodzerzhynska coal mine is the westernmost coal mine within the western periclinal closure of
the Horlivka anticline, northwest of the city of Toretsk in the Donetsk region, Ukraine. It comprises a
Middle Carboniferous sedimentary succession of C,® to C,’ formations represented by rhythmically
interbedded sandstone, siltstone and mudstone with minor coal and limestone. The fold has a conical
geometry, the beds dip away from the anticline crest at an angle of 30-35° at the periphery, decreasing
to 10-15° near the crest, and strike southeast to west. The entire area is traversed by an immense
number of small-scale faults whose strike directions vary, but most appear to follow the three trends
of sublatitudinal, submeridional, and northwest. Two major faults separate the mine field from the
anticline limbs: the Almaznyi fault in the north, and the Golovnyi thrust in the south. Given the
observed structural complexity, the study area was divided into two domains along the Osovyi thrust:
the first (D)) in the north and the second (D>) in the southwest (Fig. 1). The geological structure of the
D, area is relatively simple, with beds dipping to the southwest, and the amount of displacement or
deformation being relatively insignificant. The structural pattern of the D; area is more complex,
characterised by a folded structure that is highly complicated by faults that follow three trends in their
orientation: northwest, west-northwest and submeridional. To better visualise the structural pattern of
the D, area, it has also been divided into two subdomains: the eastern (Dig) and the western (Diw).
The faulting style of the D¢ area is defined by a 300 m wide shear zone that extends eastwards to the
crest of the Horlivka anticline. It consists of several subparallel high-angle NW striking fault planes
with a left-stepping en echelon arrangement. The space between these faults is traversed by high-
angle faults that strike northeastward. In the geological structure of the D;w area, the periclinal closure
and northern limb of the brachyanticline are best exposed at the current mining level, and its southern
limb is cut by a series of the Osovyi thrust-related faults. In contrast to the shear zone, the faulting
style of the D w area is mainly defined by sublatitudinally oriented, dipping towards each other, low-
angle thrust faults, parallel to the brachyanticline axis. There is also a network of numerous NW to
NE striking high-angle secondary faults in both the hanging wall and footwall of the thrusts (Volkova
etal., 2016).

Stress fields and their impact on safe coal mining. At the mesoregional level, analysis of the fault-
slip data indicates a strike-slip faulting stress regime with a NW—SE oriented subhorizontal maximum
principal stress and a NE-SW oriented subhorizontal minimum principal stress. Despite the persistent
general orientation of the principal stress axes, some differences in their orientation within the
domains have been revealed. For example, in the D, domain, ) plunges at a low angle southwestward
(232°/30°) and o3 is southeast and horizontal (140°/5°), lying at the average bedding plane for this
domain (Fig. 1¢). In the Dig subdomain, o; and o3 plunge moderately to the northeast (65°/24°) and
northwest (330°/20°) respectively, lying close to the average bedding plane for the subdomain
(Fig. 1a). In the D;w subdomain, 6; and o3 plunge moderately to the southwest (230°/28°) and
northwest (330°/18°) respectively, but the o3 axis is close to the bedding plane and o lies in the plane
of the Osovyi thrust (Fig. 1b). The orientation of the stress axes obtained from fault slip data collected
in the study area is consistent with the regional state of stress inferred from field measurements for the
Mykytivka deposit, strongly suggesting one origin and one stress field that resulted in present-day
structural pattern. This stress field, which appears to have originated in the Laramide time of the
Alpine orogeny, is the youngest for the Donets Basin (Gintov, 2005; Volkova et al., 2016).

On May 5th, 2009, a catastrophic collapse of the immediate roof rock occurred at the
Novodzerzhinskaya coal mine that caused fatalities and affected the haulage roadway and face No. 71
of the s coal seam at level 585 m, D;w subdomain (Fig. 1). The accident was officially attributed to
non-compliance with work techniques and technology. Nonetheless, there may have been other
objective causes resulting in the catastrophic outcome.
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Figure 1 Structural map (left) of the Novodzerzhynska coal mine and the accident area (right),
alongside reconstructions of tectonic stress fields for structural domains (a-c) and the accident area
(d-f): 1 — coal seam; 2 — fault with dip direction and dip angle; 3 — brachyanticline axis; 4 — shaft; 5 —
exploration well; 6 — structural elements: a — domain, b — subdomain; 7 — extension axes: a — local,
b — mesoregional; 8 — compression axes: a — local, b — mesoregional; 9 — plane of action of principal
normal stresses; 10 — conical surface bounding zones of development of one sign axes, 11 — planes:
a— bedding; b — Osovyi thrust; 12 — pole of fault with (a) unknown or (b) observed sense of
displacement; 13 — pole of bedding,; 14 — point of reconstructions; 15 — value of u, coefficient; 16 —
trajectories of principal normal stress axes: a — extension, b — compression; 17 — mine workings and
goaf (filled with a solid grey colour); 18 — accident site

The 15 coal seam of a simple structure and a relatively constant thickness (averaging 0.7 m) is overlain
by a strong argillite layer 6-7 m thick. The argillite is weakly fractured, dominated by submeridionally
oriented high-angle joints, orthogonal to the face. The lower part of the argillite layer, considered the
immediate roof, is unstable and normally collapses easily. However, the inquiry into the accident
showed abnormal behaviour of the immediate roof on this occasion. A hanging followed by
simultaneous collapse occurred, causing immediate roof rocks to move collectively as a single, slab-
like body of up to 2 metres in thickness, diverging from the typical movement as separate blocks.
Examination of the accident scene has indicated that this massif is separated from the main roof by a
distinct stratigraphic plane. The collapse caused the slab to fragment into blocks through a subparallel
system of joints. Therefore, these rocks, separated from the main massif by a distinct bedding plane
and divided into blocks by longitudinal joints, were not capable under typical conditions of forming a
monolithic slab and hanging over a substantial area above the goaf. They would have to separate and
collapse as the face advanced in the form of prismatic blocks bounded by joints. In other words, the
cause of the accident was the abnormal behaviour of the immediate roof as a single monolith.

A possible explanation for the unusual behaviour of the immediate roof could be attributed to the
existence of tectonic stresses that are oriented in a particular way within the massif. There are three
points of reconstruction of the tectonic stress field parameters in the vicinity of the accident area. The
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stress field in point No. 1 (haulage roadway 71-585) is defined by the parameters: o3 — 172°/5°, 61 —
270°/52°, and ps = +0.6, suggesting a stress state near uniaxial compression (Fig. 1d). In point No. 2
(face 71-530, haulage passage No. 2, 840 m from the crosscut), the stress field parameters are: 63 —
346°/40°, o1 — 82°/6°, and ps = —0.28, which indicates a shear stress state with a slight extension
(Fig. le). The stress field in point No. 3 (ventilation roadway 71-452 of haulage passage) is
characterised by the following parameters: o3 — 285°/20°, o — 185°/18°, and s, ranging from —0.02 to
—0.2, i.e. a stress state is close to pure shear (Fig. 1f). Thus, the stress field in the nearby vicinity of
the accident area is characterised by the sub-horizontal o3 axis, oriented close to the meridian and
lying in the coal seam plane, orthogonally to the face; the o, axis has a latitudinal orientation and
steeply plunges to the west. When the principal stress axes of the tectonic field are oriented as such,
bedding joints may transform into extension joints. Longitudinal and transverse joints with steep dips,
along with bedding joints, determine the block structure of the immediate roof, and remain closed in
this field where tectonic compression is perpendicular to their walls. In this instance, the immediate
roof will be a monolithic body divided by concealed joints into several prism-shaped sections. It will
also be separated from the main roof's rocks by bedding joints that progressively widen. As it is
longitudinally tectonically clamped, it becomes a bearing structure in the form of a single unit. During
the face advancing, the massif is relieved of uniform pressure and can remain in equilibrium, hanging
over the goaf area without deflection or significant deformation. However, if the weight of the slab
surpasses the value of tangential tectonic stresses, it will inevitably collapse suddenly, possibly
resulting in a mine bump. It appears that this mechanism caused the accident.

Conclusions

It can be concluded that the rocks in the western closure of the Horlivka anticline are affected by
tectonic stresses. The principal normal stress axes of this stress field are horizontal to gently plunging
and the Lode-Nadai coefficient value, which represents the type of stress state, is close to 0,
suggesting a shear stress state. Therefore, understanding the tectonic stress field parameters in
different section of the coal mine is crucial for safe and effective mining operations. Measuring
tectonic fracturing can aid in attaining this objective.

References

Beseda, A.P., Dudnik, V.A., Korchemagin, V.A., & Pavlov, [.O. (2007). Peculiarities of paleotectonic
stress fields in the outburst zones of the Donetsk-Makiyivka and Central regions of Donbas.
Scientific Bulletin of Donetsk National Technical University. Mining and Geological series,
6(125), 19-23. [In Russian]

Gintov, O.B. (2005). Field tectonophysics and its application to the study of deformations of the
Earth’s crust of Ukraine. Kyiv: Phoenix, 572 p. [In Russian]

Korchemagin, V.A., Pavlov, 1.O., & Dudnik, V.A. (2006). Structural and tectonophysical position of
blowouts in the field of the Bulavynska mine (Central Donbas). Scientific Bulletin of Donetsk
National Technical University. Mining and geological series, 1(111), 44-50. [In Russian]

Rebetsky, Yu.L., Sim, L.A., & Marinin, A.V. (2017) From slickenlines to tectonic stresses. Methods
and algorithms. Moscow: GEOS, 234 p. [In Russian]

Sim, L.A. (2013). Review of the state of knowledge on paleotectonic stresses and their implications
for solving geological problems. Geodynamics & Tectonophysics, 4(3), 341-361. [In Russian]

Volkova, T.P., Nikitenko, O.V., & Chernysh, O.G. (2016). Structural and tectonophysical aspects of
the development of the western closure of the Horlivka anticline of the Donbas. Scientific
Bulletin of the National Mining University, 6, 5—13.

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




