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Abstract. The study was conducted on granite samples collected from one area of the Starokodatskyi quarry. They
were selected before (core from an exploration well) and after (outsize rock torn off by an explosion near the southern
side of the quarry) drilling and blasting operations. To obtain optically monomineralic phases, the samples were
subjected to magnetic separation on a three-roller separator, which allowed to isolate four fractions with different
magnetic properties. After that, all samples were sent for X-ray structural analysis using DRON-3 X-ray diffractometer
with monochromatized Co-K-a radiation (I = 1.7902A). Identification of individual minerals was performed manually by
comparing the interplanar distances (d, A) and relative intensities of the experimental curve with the data of the
PCPDFWIN electronic file. All X-ray phase studies were carried out within angles of 10-90° with a step of 0.1° and an
exposure time of 5 seconds.

The analysis of the obtained results indicates a significant impact of drilling and blasting operations at the
Starokodatskyi granite quarry on the size of quartz crystallites, one of the most important elements of its fine crystalline
structure. The phenomenon of a decrease in both the total size of crystallites and their dispersion along individual
crystallographic planes under the influence of drilling and blasting operations has been established. It has been proven
that an increase in the content of different sizes "impurities" significantly affects the reduction in the size of crystallites of
optically monomineral quartz granitoids of the Starokodatskyi quarry, which leads to changes in its physical properties, in
particular magnetic.

The scientific novelty of the results consists in establishing the phenomenon of a decrease in the size of the
coherent scattering regions of X-rays (crystallites) of optically monomineral quartz of granitoids of the Starokodatskyi
quarry under the thermodynamic influence of drilling and blasting operations. This is one of the main characteristics of
changes in the substructure of the crystal lattice of quartz - one of the main rock-forming minerals of granites of this
deposit under the thermodynamic influence of blasting operations.

The practical significance of the results of the work consists in the identification of significant qualitative changes in
the crystallochemical structure of quartz granitoids of the Starokodatskyi quarry, which can be used to predict their
properties in the production of concrete products, the manufacture of decorative materials and the construction industry
in general.

Keywords: quartz crystallites, crystal structure, crystallographic planes, granitoids, Starokodatskyi quarry, drilling
and blasting operations, magnetic separation.

1. Introduction

The Starokodatskyi granite quarry (Fig. 1) is located on the right bank of the
Dnipro River, near the southeastern outskirts of the Dnipro city. Currently, the
industrial development of the quarry is suspended, and it is partially flooded. In
tectonic terms, the territory of the quarry belongs to the Dnipropetrovsk block of the
Prydniprovsk subzone of the Middle Prydniprovsk megablock of the Ukrainian
crystalline shield. The rocks that were mined in the quarry belong to the granitoids of
the Dnipropetrovsk complex (Ar;dn) of Paleoarchean age.

It is known that the mechanical and generally physicochemical properties of
crystalline phases directly depend on the symmetry of their structure, composition,
nature of the bonds of structural elements and defects of their real crystal structure,
topography on the surface and their distribution within the analyzed phase [1].
Increasingly, when studying the strength and other physical and mechanical

properties of solids, turn to the study of structural imperfections, such as
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microdistortions of crystal lattices and the dispersion of coherent X-ray scattering
regions (crystallites), which belong to the fine crystal structure (or substructure of
minerals).

Figure 1 — Starokodatskyi granite quarry. View of the lower northern side

Analysis of previous studies. The work [2] is devoted to the study of the
substructure parameters of some minerals of the Maikainskyi gold deposit. Recently,
a wide range of research has been conducted in some countries on the use of non-
traditional (non-mechanical) physical and physico-chemical methods of influencing
minerals and mineral suspensions to increase the contrast of physico-chemical and
technological properties of minerals, and therefore the efficiency of separation of
mineral components during enrichment of ores of complex substance composition
[3].

According to infrared Fourier spectroscopy, as a result of an impulse effect, slight
changes in the structure of diamond crystals were observed, which were appeared in
an increase in the concentration of microshear defects represented by interstitial
carbon atoms - platelets or B2 [4-5]. The following changes in the structure of
diamond crystals were established:

- a systematic increase in the absorption coefficient of the IR spectral line at about
1365 cm™, caused by B2-defects, with an increase in the duration of processing with
short (nanosecond duration ~1-10 ns) electromagnetic pulses;

- formation of new B2-defects in samples with an increased relative content of
nitrogen B-defects, which 1s 35-65% of the total nitrogen impurity content in crystals.

In works [1, 3-8], B-defects are represented by nitrogen atoms tetrahedrally
grouped around a vacancy, which replace carbon in diamond lattices.
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Previously, the authors studied the distribution of trace element composition of
coal in Donbas [9-13]. A methodology for classifying coal deposits and oil fields of
the Dnipro-Donetsk Basin by the content of various trace elements was also
developed [14-15]. Other studies focused on the analysis of the distribution of
germanium in individual coal seams of the Pavlohrad-Petropavlivskyi geological and
industrial area of Donbas. However, the specifics of the impact of drilling and
blasting operations on the size of quartz crystallites from granitoids of the
Starokodatskyi quarry have not yet been considered.

The aim of the study is to determine the characteristics of changes in the size of
quartz crystallites of granites of the Starokodatskyi quarry under the influence of
drilling and blasting operations. It is worth noting that such studies have not been
conducted before.

2. Methods

In the framework of the study, granite samples collected from one area of the
Starokodatskyi quarry were used.

The samples were taken before (core from an exploration well) and after (oversize
rock torn off by an explosion near the southern side of the quarry) drilling and
blasting operations. To obtain optically monomineralic phases, the samples were
subjected to magnetic separation using a three-roller separator, which allowed to
separate four fractions with different magnetic properties. The sequence of separation
of fractions in increasing magnetic properties is as follows:

1) non-magnetic fraction;

2) fraction from the upper roller;

3) fraction from the lower roller;

4) fraction from the drum of the magnetic separator.

After that, all samples were consistently subjected to X-ray diffraction analysis
using a DRON-3 X-ray diffractometer with monochromatized Co-K-a radiation (I =
1.7902A). Identification of mineral compounds was performed manually by
comparing the interplanar distances (d, A) and relative intensities (I otn-I/I 0) of the
experimental curve with the data of the PCPDFWIN electronic file. All X-ray phase
studies were carried out within the angles of 10-90° with a step of 0.1° and an
exposure time of 5 seconds.

3. Results and discussion

As a result of the research, X-ray diffractograms of general granite samples before
and after the explosion, as well as granite samples after magnetic separation for all
four of its products both before and after the explosion, were created. X-ray structural
studies were carried out within the angles of 10-90°, but with a smaller step - 0.01°
and an exposure time of 15 seconds to clarify the structure. As a result, X-ray
diffractograms of quartz were created along two crystallographic planes: 101 and
221.

The sizes of quartz crystallites along crystallographic planes 101 and 211 (L101
and L211) were determined using the Seliakov-Sherrer formula:
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The general crystallite sizes (L) of quartz were calculated from two lines
corresponding to X-ray prints from the main crystallographic planes of this mineral
(101 and 211, respectively) by solving the system of equations:
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Analysis of the results of X-ray phase studies of general granite samples before
and after blasting confirms their belonging to the granites of the Starokodatskyi
quarry. Some variations in their composition, given modern ideas about the
conditions for the formation of the main rock-forming mineral phases, are most likely
a manifestation of local anisotropy of the mineral composition in the selected
samples.

Figure 2 shows changes in the total size of quartz crystallites in various products
of magnetic separation of granites from the Starokodatskyi quarry before and after
blasting. Analysis of the presented data of X-ray structural studies demonstrates a
gradual and regular decrease in the total size of crystallites, which has an almost
linear character, both in the products of magnetic separation in the series: “drum MS”
— “lower roller” — “upper roller” — “non-magnetic product”, and between the same
products from granite samples before drilling and blasting to granite samples after
their conduct.

The maximum gradient of quartz crystallite size reduction is observed in both
cases between the “non-magnetic” and “upper roller” products. Before drilling and
blasting, the crystallite size reduction occurs by 307 A (16.37%), and after the
blasting, the crystallite size reduction is 327 A (18.29%).

Taking into account the percentage output of each magnetic separation products,
the weighted average value of the total size of quartz crystallites in granite samples
before blasting is 1660.15 A, and in granite samples after blasting is 1545.84 A.
Therefore, the weighted average value of the total size of quartz crystallites as a result
of the thermodynamic effect of drilling and blasting is reduced by 6.89%.

The results of studies of the quartz crystallites size along crystallographic planes
101 and 211 in all products of magnetic separation of granite samples before and
after blasting are presented in Figures 3 and 4. These data provide additional
information about spatial changes in crystallite sizes under the man-made influence
of mining operations, which affects the overall mechanical stability and properties of
the material.
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Figure 3 — The size of quartz crystallites along the crystallographic plane 101.
Research objects: granites before blasting
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Figure 4 — Size of crystallites along the crystallographic plane 221, A.
Research objects: granites before blasting:
1 — product “non-magnetic”, 2 — product “upper roller”, 3 — product “lower roller”,
4 — product “drum MC”; granites after blasting: 5 — product “non-magnetic”,
6 — product “upper roller”, 7 — product “lower roller”, 8 — product “drum MC”

In both cases, there is a significant decrease in the size of quartz crystallites of
granites, both before and after blasting, in the series: “MC drum” — “lower roller” —
“upper roller” — “non-magnetic product”, their dynamics are very similar.

In the first case, the maximum gradient of crystallite size reduction is observed
between quartz from granite samples before the explosion in the products “MC
drum” — “lower roller” (reduction of crystallite size by 173 A), and after the
explosion between the products “non-magnetic” — “upper roller” (here a reduction of
crystallite size by 308 A is observed).

Taking into account the percentage output of each magnetic separation products,
the weighted average value of the size of quartz crystallites in granite samples before
blasting is 1517.54 A, and in granite samples after blasting is 1329.39 A. Thus, the
weighted average value of the size of quartz crystallites along the crystallographic
plane 101 as a result of the technogenic impact of blasting is reduced by 12.4%.

In the second case, the maximum gradient of crystallite size reduction is observed
between quartz from granite samples both before and after drilling and blasting in the
products “non-magnetic” — “upper roller”. Before blasting, the reduction is 432 A,
and after — 506 A).

Taking into account the percentage output of each magnetic separation products,
the weighted average value of the size of quartz crystallites along the crystallographic
plane 211 in granite samples before blasting is 1222.82 A, and in granite samples
after blasting is 1065.57 A. Thus, the weighted average value of the size of quartz
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crystallites along the crystallographic plane 211 as a result of the thermodynamic
effect of blasting is reduced by 12.86%.

Special interest is the presence of optically monomineral quartz grains in weakly
(the "upper roller" product), moderately (the "lower roller" product) and especially
strongly magnetic (the "MC drum" product) separation products. It is well known that
the polymorphic modification of low-temperature quartz (a-quartz) of the trigonal
syngony (trigonal-trapezoidal class) belongs to non-magnetic minerals. At the same
time, natural monomineral quartz grains on an optical scale can contain and very
often contain numerous prisoner minerals visible only with an electron microscope,
gas-liquid inclusions and impurity elements: Li, Al, Na, K, H, Mn, Fe, Ti, Rb, Ca, Cs,
Ba, Pb, Ag, Sn, Cu, Zn, V, Ge, Cr, U, etc. The authors believe that in this context it is
appropriate to generalize all of them with the term impurities. In our opinion, it is
reasonable to assume that the content of certain "impurities" significantly affects the
magnetic properties of optically monomineral quartz grains.

Therefore, an increase in the content of such "impurities" can lead to the
appearance and concentration of optically monomineral quartz grains in weakly,
moderately and strongly magnetic separation products.

Thus, the presence of optically monomineral quartz grains in various degrees of
magnetic separation products, a unidirectional increase in their "magnetism" with an
increase in both the total size of crystallites and their sizes along crystallographic
planes 101 and 221 in the line: product "non-magnetic" — product "upper roller" —
product "lower roller" — product "drum MC" receive a logical explanation.

4. Conclusions

Analysis of the results of the conducted research indicates a significant impact of
drilling and blasting operations at the Starokodatskyi granite quarry on one of the
most important elements of the fine crystalline structure of quartz - the size of its
crystallites. The phenomenon of a decrease in both the overall size of crystallites and
their dispersion along individual crystallographic planes has been established. It has
been proven that an increase in the content of various-scale "impurities" significantly
affects the reduction in the size of crystallites of optically monomineral quartz
granitoids of the Starokodatskyi quarry and, therefore, leads to a change in its
physical properties, in particular, magnetic ones.

The main scientific novelty of the obtained results consists in the established
phenomenon of a decrease in the size of the regions of coherent scattering of X-rays
(one of the main characteristics of the substructure of the crystal lattice) of optically
monomineral quartz (one of the main rock-forming minerals of granites) of granitoids
of the Starokodatskyi quarry under the thermodynamic influence of drilling and
blasting operations.

The main practical value of the conducted research consists in establishing
significant qualitative changes in the crystallochemical structure of quartz granitoids
of the Starokodatskyi quarry, which can be used to predict their properties in the
construction industry, production of concrete products, and the manufacture of
decorative materials.
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AHoTauis. [locnimkeHHs NpoBOAMIOCA Ha 3pa3kax rpaHiTis, 3ibpaHnx 3 ogHiei ainsHku CTapokanaaubkoro kap'epy.
Bonu Bynw BigibpaHi 4o (kepH 3 po3BigyBanbHOi CBEPANOBKHK) i Nicns (BigipBaHW BUOYXOM HerabapuT 6ins niBgeHHOro
BopTy kap'epy) nposeaeHHs OypoBubyxoBux pobiT. [ns OTPUMAHHS ONTUYHO MOHOMiHEparnbHUX a3, 3pasku
nigaaBanucs MarHiTHIN cenapalii Ha TPbOXPOINMKOBOMY CenapaTopi, Lo A03BONMIO0 BUAINMWTY HYOTUPK PpaKLi 3 pisHUMM
MarHiTHUMK  BriacTBoCTsAMMW. [licns LbOro BCi 3pas3kyM MPOXOAUNU PEHTTEHOCTPYKTYPHWA aHanis 3a [oroMorow
peHTreHiBcbkoro audpaktometpa [IPOH-3 3 MoHoxpomatisosaHum Co-K-a BunpominiosanHsm (I = 1.7902A).
lnenTudikaLlilo OKpemux MiHepaniB BUKOHYBanM BPyYHy, MOPIBHIOKYM MIKNMOWWMHHI BincTaHi (d, A) Ta BigHoCHI
iHTeHcuBHOCTI (I otn-l/l 0) ekcnepumeHTanbHOI KpWBOI 3 AaHWMW enekTpoHHoi kaptotekn PCPDFWIN. Yei
PeHTreHoha3soBi JoCnimkeHHs npoBoaunucs B Mexax KyTis 10-90° 3 kpokom 0,1° Ta BUTPUMKOKO 5 CekyHA.

AHania OTpUMaHuX pesynbTaTiB CBiAYMTL MPO 3HaYHMA BNAMB BypoBMOyxoBMx pobiT Ha CrapokanaaLbkomy
rpaHiTHOMY Kap'epi Ha PO3MipW KpPUCTANITiB KBapLy, OAHOTO 3 HAMBAXIMUBILLIMX €NEMEHTIB MOr0 TOHKOI KpuUCTanivHol
CTPYKTYpU. BCTaHOBNEHO ABULLE 3MEHLUEHHS K 3arabHUX PO3MIpIB KPUCTaNITiB, TaK i X AMCMEPCHOCTi N0 OKPeMMX
KpucTanorpaciyHnx nnowmHax nig snnveom 6ypoBnbyxosux pobit. [JoBeaeHo, Lo 30inbLUEHHS BMICTY Pi3HOPO3MIpHUX
"[OMILIOK" CYTTEBO BMSMBAE HA 3HWXKEHHSI PO3MIPIB KPUCTanITIB ONTUYHO MOHOMIHEPANbHOTO KBapLly rpaHiToidis
Crapokaiigaubkoro kap'epy, LLO NPU3BOAMTBL 40 3MiH NOro (i3MYHIX BMACTUBOCTEN, 30KPEMA MarHiTHUX.

HaykoBa HOBM3Ha pesynbTaTiB MonsArae y BCTaHOBNEHHI SBULIA 3MEHLUEHHS po3Mipy obnacTeil KOrepeHTHOro
PO3CitOBAHHS  PEHTTEHIBCbKMX  MPOMEHIB  (KPUCTANITiB)  OMNTMYHO  MOHOMIHEPANbHOTO — KBapLy — rpaHiToidis
CrapokaiigaubKkoro kap'epy nig TepMoauHaMiyHm BNnMBoM 6ypoBnbyxoBux pobiT. Lie ogHa 3 OCHOBHUX XapaKTEPUCTUK
3MiH CyOCTPYKTYpU KpUCTaniuHOI rpaTkm KBapLy — OAHOMO 3 FOMOBHUX MOPOAOYTBOPIOYMX MIHEpaniB rpaHiTiB Lboro
POLOBWMLLA Nig TEPMOAVMHAMIYHUM BNIIMBOM BUOYXOBMX pOBIT.

lMpakTMyHa 3HAYUMMICTb pesynbTaTiB pobOTM MOMsrae y BWSIBMEHHI CYTTEBMX SKICHUX 3MiH KPUCTAMOXiMiYHOT
CTPYKTYpU KBapLy rpaHiToigie CTapokaigaubkoro kap'epy, WO Moxe OyTM BMKOPWUCTAHO AN MPOTHO3YBaHHA iX
BNacTUBOCTEN Y BUPOOHMLTBI BETOHHMX BMPOOIB, BUrOTOBMNEHHI AeKkopaTUBHUX maTepianiB Ta OygiBenbHin iHaycTpii
3aranom.

KntoyoBi cnoBa: KpucTanit Kkeapuy, KpucTaniyHa CTPyKTypa, KpucTanorpaddiyHi MAOLWHI,  paHiToIaw,
Crapokangalbkuii kap'ep, 6ypoubyxosi poboTu, MarHiTHa cenapaujis.



