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SUMMARY 

Brief information about Zhezhelivsky granite quarry and its products is given. The isochronous, 
mineralogical-petrographic characteristics of granites are briefly presented. Based on the analysis of 
satellite images with different timestamps, a retrospective monitoring of the changes in the area of the 
geological environment of granites affected by the development of Zhezhelіvsky granite quarry during 
the last 33 years was carried out. It is established that from 1987 to 2020 the area of the affected 
geological environment within the quarry field did not significantly change 
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Introduction 
Stone mining today is promising and is constantly developing as a response to demands and due to new 
cutting-edge technologies introduction. The market of natural stone is increasing and this trend will 
remain for the nearest 25 years, as these kinds of goods are flourishing and profitable. Deposits are 
developed by open quarries. This causes irrecoverable losses of soil layer and its degradation in adjacent 
territories, changes in landscape, hydrologic and hydrogeologic dynamics of ground waters, pollution 
of soil, water and air and other types of human-induced stress on the environment. In this regard, 
monitoring of the state of geological environment and quarry area exploitation monitoring are included 
to activities which should be associated with mining. Satellite images with different timestamps, which 
allow tracing the change of area in time, are used for geological environment monitoring in terms of 
changes caused by mining (Tymchenko et al., 2020). 
 
Method and / or Theory 
Authors had a chance to insight into details of company operations and production, parameters and 
geological structure of the field, mineralogy and petrography of granites of Zhezheliv granite deposit 
directly during a visit to the quarry. Satellite images with different timestamps (since 1987 up to 2020) 
from the USGS portal (United States Geological Survey, https://earthexplorer.usgs.gov/) were used for 
estimation of the trend of area change of affected geological environment inside the quarry field. It 
consisted of images from Landsat 1-5, Landsat 4-5, Landsat 7, Landsat 8 systems in GEO.tiff format, 
having geospatial reference in WGS-84. Area estimation was made using QGIS 3.14 software. 
 
Results 
The Berdychiv type granitoids are known in Ukrainian publications under different names: Berdychiv 
granites, Chudniv-Berdychiv granites, biotite-garnet granitoids, biotite-garnet blastites (Stepanyuk et 
al., 2015). They are most common between Teteriv, Pivdennyi Buh and Sluch rivers, where they 
alternate with biotite-garnet migmatites and garnet-biotite gneisses of Berezna suite of Dniester-Buh 
series of Paleoarchaean (Stepanyuk et al., 2015). Their lithotypes are granitoids, represented in 
Zhezheliv quarry, which is located on the right bank of Hnylopyat river, to the south of Berdychiv city 
(Figure 1) (Stepanyuk et al., 2015). Zhezheliv deposit is situated in the center of big granite field inside 
large brachystructure. The core of it consists mainly of Berdychiv granites, which are gradually replaced 
with garnet-biotite migmatites towards the edges (Osmachko et al., 2014). Zhezheliv quarry, which is 
situated on the south-east border of the Zhezheliv village, has a century-long tradition of stone mining, 
processing and production (Figure 1) (https://kazatin.com/). The deposit is developen by an open pit 
since 1910, detailed exploration was performed in 1959 and 1974. Until October 1992 Zhzheliv quarry 
was a state-owned company as a part of "Vinnytsyarudprom" trust, afterwards its name and for of 
ownership changed a number of times, and since 2016 it is private joint-stock company «Zhezhelivsky 
quarry». 
 
The quarry exploits dark-grey with pink tint middle- and coarse-grained graintes of Berdychiv complex 
(Figure 2). Rock texture is granitic, blastogranitic. Chemical composition shows alumina oversaturation 
and medium alklali saturation (Osmachko et al., 2014; Petrichenko and Vilkovsky, 2013). Chemical 
composition (%): SiO2 – 63,24-72,04; TiO2 – 0,93; Al2O3 – 16,47; Fe2O3 – 0,85; FeO – 5,39; MnO – 
0,06; MgO – 2,13; CaO – 2,24; Na2O – 2,75; K2O – 3,78 (Metallic and non-metallic minerals of 
Ukraine, 2006). Mineral composition is (%): plagioclase – 35, microcline – 20, quartz – 23, biotite – 
15, garnet – 5, other accessory minerals – 2. Special feature of the granite is existence of garnet clusters 
and individual xenoliths of two-pyroxene-plagioclase schists, garnet-biotite gneisses and calciphyres, 
which give spotted, sometimes banded texture to the rock (Metallic and non-metallic minerals of 
Ukraine, 2006). Garnet (Figure 3) is represented with almandine with pyrope minal up to 20% 
(Petrichenko and Vilkovsky, 2013). The temperature of garnet formation is 585–600 °C, PT-path of the 
rocks of Zhezheliv quarry corresponds to stable continental crust area with maximum burial depth of 
24–31 km (Petrichenko and Vilkovsky, 2013). Time of formation of Berdychiv type granitoids is 
estimated by classic uranium-lead method on monazite and using Shrimp-II ion-ion microprobe on 
zircon (Stepanyuk et al., 2015). Monazite from a leucosome in granitoids of Zhezheliv quarry has an 
age of 2040,9 ± 2,6 Ma (Stepanyuk et al., 2015). The age of zircon rim is 2041,9 ± 6,3 Ma, almost equal 
is the age of zircon rim in leucosoma – 2043,5 ± 5,8 Ma, which goes in full accordance with obtained 
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monazite age (Stepanyuk et al., 2015). Subconcordant and concordant ages were obtained for 
clastogenic zircon cores – they fall into 2081–2331 Ma interval by 207Pb/206Pb ratio (Stepanyuk et al., 
2015). Maximum age values for zircon cores were not greater than 2300 Ma (Stepanyuk et al., 2018). 
 

  

а b 
Figure 1 Satellite (Google Earth) map of the study subject (а) with detailed view (b) 

 
Granites in the upper part are weathered up to 20 meters depth in some places and are covered with up 
to 1.5 m quaternary deposits. 

  

Figure 2 Zhezheliv granite quarry. 
Photo by M. Kovalchuk 

Figure 3 Grenades in granite.  
Photo by M. Kovalchuk 

 
Zhezheliv granite quarry is well-known for century traditions of stone production, but dimension stone 
output is not peculiar. The granite of Berdychiv complex is mediocre by decorative value but is 
relatively easy to cut and process and has high resisting power (Report on the state of the environment 
in Vinnytsa region, 2018; http://ukr.granite.ua/zhezhelivske/). This granite has advantage if used for 
interior design, garden decoration and building coverings (http://ukr.granite.ua/zhezhelivske/). The 
granite is well-suited for polishing and is used as a covering or building material in a number of 
sculptures in Ukraine and abroad. A full cycle of mining and processing activities is set up at the quarry; 
it allows getting granite of various fractions. Reserve residue of dimension stone of the deposit is around 
6100 thousand m3 (Report on the state of the environment in Vinnytsa region, 2018).  Main consumers 
of the granite products are: Kalynivka village council, PrAT "Komsomolske", SP "Ahromash", PAT 
"Budivelne upravlinnya No. 7" Kyiv,  TOV "Mirmeks", PAT "Pivdenzahidshlyakhbud", PP BF 
"Zolotyi Klyuch", PSP "Batkivschyna", FOP Bohatyrchuk Yu.O. and others, also local community and 
population of neighbor regions (Kyiv, Zhytomyr regions) (https://www.stockworld.com.ua/...). 
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Taking into account more then a century-long history of granite mining at the deposit and changes of 
name and owners, authors made a retrospective monitoring (using satellite imagery) of the area changes 
of affected geological environment due to granite mining during the period of 1987–2020. Vectorization 
of the affected geological environment inside the quarry field and its area estimation was done by using 
images  Landsat 1-5 (21/07/1987; 06/07/1988), Landsat 4-5 (10/07/1989; 26/07/1992; 30/09/2007; 
22/08/2008; 15/04/2010; 25/04/2011), Landsat 7 (17/08/2000; 13/05/2003; 18/08/2006;24/07/2012; 
30/07/2014), Landsat 8 (17/06/2013; 25/07/2017; 18/09/2018; 13/09/2019; 07/08/2020) in QGIS 3.14 
software (Figure 4). 
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Figure 4 Areas of affected geological environment due to granite mining are converted to vector and 
the area is calculated: a –Landsat 1-5 image of 1987; b –  Landsat 8 image of 2020 

 

The dynamics of changes in the area of the disturbed geological environment due to the extraction of 
granites are presented in table 1. 
 
Table 1. Dynamics of change in area of the disturbed geological environment due to extraction of 
granite 

Year Area, km2 Change of 
area, km2 

Year Area, km2 Change of 
area, km2 

1987 0,427 0 2010 0,467 +0,011 
1988 0,337 -0,09 2011 0,52 +0,053 
1989 0,498 +0,161 2012 0,342 -0,227 
1992 0,453 -0,045 2013 0,346 +0,004 
2000 0,433 -0,02 2014 0,425 +0,079 
2003 0,329 -0,104 2015 0,44 +0,015 
2006 0,39 +0,061 2017 0,444 +0,004 
2007 0,354 -0,036 2018 0,389 -0,055 
2008 0,385 +0,031 2019 0,401 +0,012 
2009 0,456 +0,071 2020 0,423 +0,022 

 
The results of the study of changes in the area of the disturbed geological environment over the years 
and its trend are presented in Figure 5. 
 
Conclusions  
Retrospective analysis of remote sensing data allowed estimating trends and dynamics of change of 
affected geological environment inside Zhezheliv quarry area. Comparing to 1987, the area of affected 
geological environment exceeded the initial value in 1989–2000, 2009–2011, and 2015–2017. 
Maximum short-termed increase of the area of affected geological environment was during a period in 
1988–1989 (+0.161 sq. km). During several periods there was an increase of the area of affected 
geological environment, in particular during 2009–2011 increased by 0.135 sq. km, during 2014–2017 
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increased by 0.098 sq. km. Fluctuations of the area of affected geological environment is caused by 
intensity of mining process in different years and also by extending of exploitation by deepening instead 
of widening of quarry field, with terracing. Despite the fluctuations of the area of affected geological 
environment over time, the area of Zhezheliv granite quarry was reduced by 0.004 sq. km during overall 
period of 1987–2020. 
 

 
 
Figure 5 Dynamics of change in the area of disturbed geological environment due to granite mining 
during 1987-2020 
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