Monitoring’2023 EAGE

Mon23-052

*V. V. Pokalyuk (State Institution "The Institute of Environmental Geochemistry of National
Academy of Sciences of Ukraine”), V. G. Verkhovtsev (State Institution "The Institute of
Environmental Geochemistry of National Academy of Sciences of Ukraine"), V. G. Hubina (State
Institution "The Institute of Environmental Geochemistry of National Academy of Sciences of
Ukraine"), V. G. Yatsenko (State Institution "The Institute of Environmental Geochemistry of
National Academy of Sciences of Ukraine”), L. P. Zaborovskaya (State Institution "The Institute of
Environmental Geochemistry of National Academy of Sciences of Ukraine"), L. S. Osmachko (State
Institution "The Institute of Environmental Geochemistry of National Academy of Sciences of
Ukraine")

SUMMARY

The geological mapping, structural, lithological, petrographic, and petrophysical
investigations carried out in the «Pivdennyi» and «Pivnichnyi» iron ore quarries of the
Saksahansky district of the Kryvyi Rih iron ore basin allowed us to characterize a "new"
morphological and genetic type of anthropogenic formations/deposits in Kryvyi Rih basin
(Kryvbas) — shear zones due to underground mining, as well as to raise the question of the
relevance of including it in modern classifications of anthropogenic deposits in Kryvyi Rih
basin as a separate type. The main structural, morphological and material element of the
above-mentioned zones is the so-called collapse technobreccias (breccias due to the collapse
of overlying rock masses into the mined underground space), which make up huge volumes
within the quarries, actually forming new large-scale anthropogenic geological bodies with
their own morphology, material composition and physical properties that differ from the
original parent rocks. It has been shown that collapse technobreccias are widespread within
the «Pivdennyi» and «Pivnichnyi» quarries, occupying almost 100% of their axial areas, as
well as significant volumes of the western sides of the quarries. They, along with the remains
of ferruginous quartzite and the remnants of rich ore left over from underground mining, are
the subject of modern industrial mining. Technobreccias are new technogenic rocks.
Genetically and morphologically, they fully correspond to the essence of technogenic
formations and it is quite legitimate to apply the conceptual and legal framework of
technogenic deposits to them in case of their economically feasible extraction, just as it is
generally recognized for bulk dumps and sludge pits.
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Introduction

The shortage of mineral raw materials makes it urgent to search for additional or alternative sources.
One of the promising directions in solving this problem is the involvement of technogenic deposits in
the development of mineral resources. For the efficient and comprehensive use of technogenic
deposits, it is necessary to classify them according to a set of features. At present, the terminology and
classification of technogenic raw materials and waste are being supplemented as research and
practical work in the field of development of deposits of a particular type deepens.

Unique anthropogenic formations in Kryvyi Rih basin (Kryvbas) are the collapse zones formed as a
result of underground iron ore mining with the collapse of host and overlying rocks into the mined-out
space. On the surface, as a result of underground rock displacement, a characteristic dip and
subsidence relief and landslide zones are formed.

In modern classifications of anthropogenic formations/deposits of Ukraine and Kryvyi Rih basin
(Complex..., 2005; Evtekhov, 2003; Chernenko, 1998; Oliynyk, et al., 2012) this type has not yet been
recorded, although it has long been known and partially covered in the literature (Rivkin, 1959;
Chernyi, 1959; Malakhov, 1990, 2003; Kazakov, 1999). Therefore, it required additional study and
argumentation, which determined the purpose and object of our research.

Method and Theory

Our geological mapping, structural, lithological, petrographic, and petrophysical investigations of the
«Pivdennyi» and «Pivnichnyi» iron ore quarries of the Saksahansky district of Kryvbas (former
mining allotments of the Kirov and Dzerzhynskyi mines) allowed us to characterize in detail the
"new" morphological and genetic type of technogenic formations/deposits in Kryvbas — collapse
zones due to underground mining, and to raise the question of the relevance of including it in modern
classifications of anthropogenic deposits in Kryvbas as a separate type. The main structural,
morphological and material element of the above-mentioned zones is the so-called technogenic
breccias of collapse (breccias due to collapse of host and overlying rock masses into the mined
underground space), which constitute huge volumes of rock masses within the quarries, actually
forming new large-scale anthropogenic geological bodies with their own morphology, material
composition and physical properties that differ from the original parent rocks. At present, the term
"technogenic collapse breccia" is not widely used in the literature and is still being tested.

Results

«Pivdennyi» and «Pivnichnyi» quarries in Saksahansky district of Kryvbas are currently mining
oxidized iron ores of the fourth, fifth and sixth ferruginous horizons of the Saksahanska Suite of the
Kryvyi Rih series of the Paleoproterozoic. Many years of open-pit and underground mining on the
territory of the «Pivdennyi» and «Pivnichnyi» quarries resulted in significant disturbance of the
natural geological environment with the formation of new technogenic geological bodies composed of
the collapse breccias. In fact, the entire axial part of the quarries, 60-150 meters wide and several tiers
high, is composed of the collapse breccias. The bulk of them are weakly cemented, but they often
contain densely cemented areas, as well as blocks of intensely weathered iron quartzite and "spots" of
rich martite ore. The technogenic breccias have a predominantly chaotic breccia internal structure
with a predominance of basal fine fragmentary (up to 2 cm) gravelly clayey ochre filler/matrix over
rare fragments of ferruginous quartzite and other rocks of larger size (up to tens of cm) (Fig. 1). The
petrophysical properties of technogenic breccias differ significantly from the bulk of the original
parent rocks that were crushed and mixed, in terms of decreasing specific and bulk weight, density,
strength, magnetization, and increasing porosity and moisture capacity. In terms of chemical
composition, they are, so to speak, an average mixture of all the rocks that have been collapsed as a
result of underground mining. The content of total iron in them corresponds to poor ores, ranging
from 25.4 to 47.0 %, i.e., much lower than in rich martite quartzites and ores, but higher than in
ferruginous schist. The silica content is also intermediate, ranging from 39-58%. Compared to
ferruginous-siliceous rocks and iron ores, they have slightly higher content of alumina (3.2-13%),
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MgO (0.9-2.8%), and CaO (0.9-4.8%), which may indicate additional admixture of clay material and
possible secondary carbonate input.

The main sign of their belonging to the anthropogenic type is the complete destruction of the
stratigraphic ordering of rock layers with violation of the primary conditions of occurrence and
structure of the original rocks due to crushing and mixing with their movement to a new space not
inherent in their natural occurrence and the formation of new anthropogenic geological bodies.

According to the degree of collapse due to underground mining, according to our studies in the
«Pivdennyi» and «Pivnichnyi» quarries, we can distinguish several zones that generally correlate with
the zones of rock displacement above underground excavations identified by (Chernyi, 1959): (I) a
zone of relatively undisturbed bedrock from underground mining that retains its original stratification;
(II) a zone of intensely fractured and crushed blocks of rocks that retain their belonging to certain
stratigraphic horizons (corresponding to the fracture zone (according to (Chernyi, 1959)); (III) the
zone of alternation of intensely crushed blocks of rocks, which generally retain their belonging to
certain stratigraphic horizons, with areas of technogenic collapse breccias (corresponds to the terrace
zone combined with the zone of collapses (after (Chernyi, 1959)); (IV) the zone of complete
dominance of technogenic collapse breccias with complete disruption of the original rock occurrence
and without any signs of belonging to certain stratigraphic horizons (corresponds to the zone of
collapses (after (Chernyi, 1959)).

The location and morphology of these zones for both quarries have certain similarities. The zones
have an asymmetrical shape in relation to the different sides of the quarries. The eastern sides of the
quarries are almost unaffected by these processes of collapse (zone I), while the western sides,
together with the axial parts, are very intensively affected (zones III, IV) (Fig. 2). Transitional zone-II
(between zones I and III) has little or no thickness. The maximum development of technogenic
collapse breccias (almost 100%) is observed in the lower axial parts of the quarries, where modern
mining is carried out. Spatially, this is the conventional zone of 5f and partially 6s horizons in the
«Pivdennyi» quarrie, and the conventional zone of 4{-5f horizons in the «Pivnichnyi» quarrie. Within
these zones, in the areas of continuous dominance of technogenic collapse breccias, the primary
stratification of rocks is completely broken, it is impossible to establish their stratigraphic affiliation.

The technogenic collapse breccias also constitute significant masses within the western sides of the
quarries, but their volumes are smaller than in the near-axial areas and are estimated to be about half
of the total volume. Remnants of ferruginous quartzite in the western sides of the quarries generally
retain signs of belonging to the primary stratigraphic horizons, but they are intensively fractured and
crushed into smaller blocks, as a result of gravitational shifts from underground mining and have
disturbed elements of occurrence. The maximum localization of areas of technogenic collapse
breccias in the conditional space of former productive horizons indicates that an important
prerequisite for their formation was the processes of deep hypergenesis, which turned this entire space
into a weakened zone prone to failure.

As a result of mixing in the technogenic breccias all rocks that lie above the underground mining
zones (various ferruginous and schist horizons and iron ores of the Saksaganska Formation;
metasandstones, phyllites, meta-ultrabasites of the Skeliuvatska Formation; clay rocks of the
Cenozoic, etc. ), the remnants of rich ores were dispersed, primary iron concentrations were
impoverished as a result of mixing with low-iron rocks, and the source rocks were decompacted with
a decrease in their bulk weight and strength and an increase in porosity and moisture capacity.

The prerequisites for the occurrence of anthropogenic collapse breccia zones in the conditions of
oxidized ferruginous quartzite deposits of the Saksagansky type are two factors. Firstly, it is the
volume and location of the excavated underground space. The second important factor is the so-called
deep oxidation processes, which turned the original ore-bearing massifs into rocks of reduced
strength, increased porosity and moisture capacity. As a result of deep oxidation processes, practically
the entire thickness between the 4s horizon in the east and the Saksagansky thrust in the west, several
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hundred meters wide and to a considerable depth (more than 1000 m), has turned into a weakened
zone prone to destruction. It can be assumed that in case of less development of deep oxidation zones
and predominance of non-oxidized (magnetite) varieties of ferruginous quartzites among ore-bearing
rocks, the scale of manifestation of technogenic collapse breccias will be much smaller.

Figure 1 Typical view of weakly cemented technogenic collapse breccias of chaotic breccia internal
structure
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Figure 2 Schematic cross-section of the "Pivdennyi” quarrie with the location of zones of different
intensity of collapse processes due to underground mining. Zone numbers in circles are explained in
the text. 1 — technogenic collapse breccias, 2 — undisturbed blocks of ferruginous quartzites of the
Saksaganska Formation, 3 — disturbed blocks of ferruginous quartzites of the Saksaganska Formation

Conclusions

It has been shown that technogenic collapse breccias are widespread within the «Pivdennyi» and
«Pivnichnyi» quarries of the Saksahansky district of the Kryvyi Rih iron ore basin; they occupy huge
volumes of rock mass — almost 100 % of the axial sections, as well as significant volumes of the
western sides of the quarries. Technogenic collapse breccias, along with the remains of ferruginous
quartzite and the remnants of rich ore left over from underground mining, are the subject of modern
industrial mining. The collapse breccias are new technogenic rocks. Genetically and morphologically,
they fully correspond to the essence of technogenic formations and it is quite legitimate to apply the
conceptual and legal framework of technogenic deposits to them in case of their economically feasible
extraction, just as it is generally recognized for bulk dumps and sludge dumps.
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With the increasing degree of anthropogenic transformation of the primary rock mass — in this case,
with the transition from ferruginous quartzites to technogenic collapse breccias — processes of
dispersion, deconsolidation, and additional oxidation of the source rocks occur with a decrease in their
specific and bulk weight, density, strength, magnetization, and an increase in porosity and moisture
capacity.

The authors recommend the inclusion of a "new" morphological and genetic type of anthropogenic
formations (in the case of economically feasible mining — deposits) in the current classification of
technogenic formations/deposits of Kryvbas — collapse zones due to underground mining, the main
material element of which is the so-called technogenic collapse breccias.
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