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SUMMARY

The article is dedicated to the analysis of geological and geomorphological anthropogenic
protected sites in Podillia, which include ancient mining sites, rock dumps, mines, adits,
quarries, defensive structures, and burial mounds. Based on the types of minerals and the
nature of their use, five developmental stages have been identified, starting from the flint
stage (40,000 years ago) to the modern stage (beginning of the 21st century). Each stage is
characterized by specific types of extraction, such as flint, bog ores, construction materials
(limestones, sandstones, granites), as well as the formation of unique anthropogenic
landscape complexes. Particular attention is paid to the formation of anthropogenic sites, such
as adits, quarries, and dumps, which are important for studying the geological history of the
region. The necessity of protecting these sites is emphasized, especially within the Middle
Buh and Middle Dniester regions, where unique geological sections and landforms have been
preserved. The importance of further research and designation of new sites for the
preservation of Podillia’s geological heritage is highlighted. The potential of these sites for
the development of ecological tourism is underscored, which could contribute to their
preservation and the economic development of the region.
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Introduction

The nature conservation system in Ukraine, in its current form and legal framework, has exhausted its
creative potential and has long been in need of fundamental changes. The primary reason for this is
that in the current natural environment, especially in regions with long histories of agricultural
development and landscape transformation resulting from prolonged co-evolutionary development of
natural and social subsystems, purely natural or even semi-natural landscapes have almost entirely
disappeared. The number and area of natural protected sites are gradually decreasing, while
anthropogenic landscapes are expanding within the predominantly human-altered landscapes of
Podillia. This process has been partially explored in detail in an original series of monographs
collectively titled «Anthropogenic Landscapes of Podilliay» (2005-2019).

Method and Theory

The methodological foundation of the study is based on scientific approaches of modern geography
and geology, including the geosystem, geoecological-applied, integrated, and spatiotemporal
approaches, as well as conceptual directions of the spatiotemporal paradigm. The research process
employed methods such as analysis and synthesis to detail the object and subject of study, comparison
to contrast factual data within a chronological framework, field research to assess the current state of
natural and anthropogenic protected geological and geomorphological objects (both existing and
prospective), as well as GIS.

Results

The geological-geomorphological group of anthropogenic protected sites in Podillia includes:

— Ancient and unique mining sites of specific mineral resources in Podillia: sandstone quarries
near Terebovlia (Ternopil region); limestone deposits within the Podillia Tovtry; granite
quarries in the Middle Buh region.

— Waste dumps, mines, and quarries as unique geological cross-sections and landforms.

— Beligerative complexes: Cossack and Trojan ramparts; defensive structures of ancient
settlements, castles, and certain towns; isolated groups of burial mounds (e.g., the Soroka
Kurgan in Vinnytsia region).

From the late Paleolithic period (40,000 — 35,000 years ago) to the present day, the economic
development of Podillia has been highly active. The extraction of mineral resources, construction, and
military activities have played a decisive role in this process. The most significant changes to the
lithogenic base are associated with the mining industry. Based on the types of mineral resources and
the nature and intensity of their use, five distinct stages have been identified within Podillia (Denysyk,
2014; Denysyk & Kanska, 2016).

The Flint Era (40,000 years ago — the end of the 2nd millennium BCE) was characterized by a
prolonged development over time, which can be explained by the imperfect conditions and tools of
labor. The primary raw material throughout this period was flint, which was used to produce tools and
weapons. The richest flint deposits were found in the western regions of Podillia, the Middle Dniester
region, the Podillia Tovtry, and the Kremenets Mountains (Geological Monuments of Ukraine, 2006).

The flourishing of the «flint industry» occurred during the Neolithic and Early Bronze Age. The
centers of production were the Kremenets Mountains and the Middle Dniester region. With the
accumulation of experience in flint extraction and processing, centers of the «flint industry» emerged,
such as the city of Kremenets in Ternopil Region, the village of Studenytsia in Khmelnytskyi Region,
and others. Here, high-quality tools (axes, knives, sickles, etc.) were produced. The industry became
firmly established in the economic complex of Podillia during the Early Bronze Age, and its products
were in high demand far beyond the region (the Baltic region, Western Europe, and the Volga region).
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In addition to flint, other minerals and rocks were also used: quartzite, sandstone, limestone, granite,
clay, and sand.

The most original are the adits used for flint extraction. A characteristic feature of these adits is their
location on the steep slopes of the Dniester River valley and its left tributaries, gullies, and ravines,
where flint layers or individual nodules were exposed on the surface. Large-scale adit mining
operations became the basis for the formation of «flint industry» centers. An example is Mount Bila
near the village of Studenytsia in Khmelnytskyi Region. Flint extraction here began 6,000 — 5,000
years ago. Today, on the southeastern slope of Mount Bila, nine mining sites in the form of caves
have been preserved. Moreover, the primary flint processing sites were located directly near the adits.
In the vicinity of Studenytsia, eight additional sites with flint outcrops and mining works have been
discovered.

The Bog Ore Stage (late 2nd millennium BCE — 12th century CE) is characterized by a significant
expansion in the extraction of mineral resources. During this period, the extraction of bog (iron) ores
became the primary focus, as the Podillia region (river floodplains, small lakes, and marshes) was rich
in these resources. The main areas of bog ore extraction were the Middle Dniester region and the
Middle Buh region. Between the 2nd century BCE and the end of the 1st century CE, the first
metallurgical centers began to form. For instance, in the Middle Buh region alone, over 70 settlements
from the 6th to 8th centuries CE have been discovered, containing remnants of iron smelting
production. One of the most unique centers is the Haivoron center (Kirovohrad Region) (Bezlatnia,
2023). Alongside bog ores (iron), tuff-like rocks from the Middle Buh region were widely used for
household needs, while in the Halych area, rock salt was extracted. Ceramic production also
developed during this time. By the 11th century, with the emergence of the first cities, castles, and
fortresses, deposits of limestone, sandstone, granite, clay, and other materials began to be exploited,
which were effectively used for construction purposes.

The Stage of Exploiting Construction Minerals (14th to Late 18th Century) began after the Mongol-
Tatar invasion. This period is characterized by the mass construction of large defensive structures,
such as fortresses, castles, fortified settlements, monasteries, and more. According to historical
chronicles, towns like Kremenets, Smotrych, Kamianets, Bar, Medzhybizh, and Bratslav were
surrounded by walls. Between the 13th and 17th centuries, more than 126 significant defensive
structures were built in the Podillia region, some of which have survived to this day. At the same time,
so-called civil construction also developed intensively. This included the building of palaces, religious
structures, urban architectural ensembles, road construction, bridge building, and more. To meet these
needs, deposits of limestone, sandstone, and granite were exploited. This led to the emergence of
small-scale stone-cutting industries in Podillia. Terebovlia sandstones and Southern Bug granites were
even exported beyond Ukraine. In addition to construction, sand began to be used in glass production,
while gypsum found its place in the porcelain and faience industries.

The extraction of minerals, which primarily relied on natural outcrops of rock, led to the
disappearance of unique natural landmarks, such as rock formations, weathering features, caves, and
original rock outcrops. The areas of «quarry badlands» expanded significantly, and the landscape
began to feature steep «cliffsy and deep quarries, reaching depths of 15-25 meters, with waste piles
rising 5-12 meters high. Some of these sites are now considered unique and have been designated as
protected areas (Denysyk, 2014).

The stage of initial industrial exploitation of mineral resources (19th to early 20th century) began
with the industrial extraction of gypsum in the lower part of the Zbruch River basin. In the 19th
century, all porcelain and faience enterprises in Right-Bank Ukraine operated exclusively on gypsum
from Podillia, which was extracted using explosives. From the second half of the 19th century,
industrial extraction of unique limestones from the Podillia Tovtry, dolomites, sandstones, and chalk
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for road construction began. With the development of the sugar industry in the 1880s, the demand for
limestone increased. Each sugar factory at that time had 1-3 limestone quarries. From the mid-19th
century, the exploitation of phosphorite deposits began in the Dniester region. By the early 20th
century, all phosphorite deposits had been exhausted (Manyuk, 2004).

The modern stage of mineral resource development (mid-20th to early 21st century) is characterized
by increased extraction of construction materials to restore the national economy (intensively
extracted materials include granite, sandstone, limestone, opoka, marl, gravel, sand, clay, loam, and
peat). In the Dniester region, the extraction of phosphorites has partially resumed, and the first adits
for limestone extraction have been established in the interfluve of the Southern Bug and Dnister
rivers, as well as in the Tovtry range. In the northern regions of Vinnytsia and Khmelnytskyi regions,
industrial development of kaolin deposits has begun (Stetsiuk, Korinnyi & Lavryk, 2024).

In the 1950s, the number of small-scale mining operations sharply decreased, and industrial extraction
of minerals became concentrated in large deposits. The early 21st century is marked by a decline in
the extraction of construction materials. Only the most promising deposits remain operational, while
others can be repurposed as unique geological sections, suitable for creating anthropogenic protected
areas (Denysyk, Strashevska & Korinnyi, 2014).

Over the long, active, and diverse period of mineral resource development in Podillia, a number of
unique morphological features have formed, some of which are already under partial protection.
Among all protected geological and geomorphological sites of anthropogenic origin in Ternopil
Region, 9 out of 22 (41%) are protected; in Khmelnytskyi Region, 6 out of 26 (23%); and in
Vinnytsia Region, 7 out of 16 (44%). In the future, the number and area of anthropogenic geological
and geomorphological sites within Podillia are expected to increase. A partial survey conducted
between 2019 and 2021 of currently functioning sites shows that nearly 6 (9%) are in satisfactory
condition, 9 (14%) are partially satisfactory, and the remaining 7 (11%) are abandoned. Among the
abandoned sites, the majority are geomorphological features.

The benchmark geological sections of Middle Buh region include the gneiss section of the Vitava
granite and gneiss deposit, the syenite sections of the Sabariv and Ivanivka garnet-biotite deposits.
These also include unique sections — walls of crystalline rocks characteristic only of Middle Buh
region, known as «buhites» and «vinnytsyts», as well as kaolin deposits like the Turbivka site, loess
and clay sections in the quarries of Stryzhavka and Yakushyntsi villages, and sand deposits in Kolo-
Mykhailivka. Complex geological sections are represented by walls in the Sabariv, Vitava, and
Ivanivka crystalline rock quarries, as well as the Turbivka kaolin quarry. In the future, this group will
include individual spoil heaps from overburden (Vitava, Ivanivka, and Turbivka deposits), quarries as
original landforms, and protective embankments (e.g., the Vitava granite deposit) (Fig. 1).

Conclusions

Modern anthropogenic protected sites of the geological and geomorphological group have formed
over centuries. They are incredibly diverse and significant as part of our national heritage. However,
they currently receive little attention. In the future, their number and area are expected to increase
significantly. These anthropogenic protected sites will form the core of this group of objects and will
also serve as the foundation for corresponding geoparks within the Podillia region. This is especially
true for the Podillia Dniester region, where the majority (78%) of these sites are located. Alongside
their scientific importance, the value of these anthropogenic protected sites as unique tourist
attractions will also grow. This will lead to a surge in visitors and increase the need to formally
recognize these sites as distinctive geosites.
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Figure 1 Promising anthropogenic objects of the suburban zone of Vinnytsia for preservation
(lithological-geomorphological group).

Geological sections (standards) — quarry walls: 1 — granites, 2 — migmatites, 3 — garnet-biotites, 4 —
«vinnytsytesy, 5 — «buhites», 6 — caolines, 7 — loess and clay, 8 — sand, 9 — peat. Complex geological
sections-walls: 10 — Forest-Field part of the suburban zone of Vinnytsia, 11 — Forest-Steppe Polissia.
Anthropogenic landforms. Mining dumps: 12 — granite-kaolin-loes rocks, 13 — caolin-sand rocks, 14
— granite-loes rocks, 15 — embankment dams. Roads: 16 — sections of abandoned roads with artificial
surface, 17 — sections of dirt roads (in loess). Belligerent: 18 — hillforts, 19 — mounds, 20 — ramparts,
21 — fortresses, 22 — trenches and trenches, 23 — « Wehrwolf» bet, 24 — terraced slopes, 25 — retaining
walls, 26 — sinkholes, 27 — sections of anthropogenic soil mixtures, 28 — forest landscapes. Borders:
29 — suburban zone of Vinnytsia.
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