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The technology of masonry and processing of stone materials
in the buildings of the 13t"-century castle
of King Danylo Romanovych in Kholm

Abstract. The relevance of the study is conditioned by the great cultural significance of King Danylo’s Castle, one of
the most unusual architectural objects of the 13™ century Rus’. The purpose of the study was to reveal construction
technologies, techniques for processing and carving architectural details made of stone, which are used in the construction
of castle objects. The research methodology was based on a detailed analysis of the remains of buildings and individual
construction or architectural details discovered due to architectural and archaeological research. The study analysed the
characteristics of the used natural stones. Archaeological remains of the defensive wall, towers, foundations, and walls
of several buildings, the purpose of which has not yet been clarified, present objects created by a highly professional
construction workshop. Excavations have revealed a large number of carved decorative architectural details made of
glauconitite and limestone, the use of which indicates the richness of architecture and presents specific architectural
forms of the Romanesque style. At the first stage, the castle was built only of stone, and at the second stage, brick was
also used. The oldest buildings were made of natural glauconite stone. In addition to local green glauconite sandstone,
limestone, and fossilised chalk were also used. An interesting feature of the castle is the use of typical Romanesque masonry
technology, stone block hewing techniques, and carving of decorative stone details. Based on the results of research, it
can be stated that a standard set of hand tools was used. The remnants of carved stone details show the rich plastic
structure of the castle’s facades and interiors. Similar products and technologies are not found in other castles of Rus’ at
that time. Finds of masonry tools in the castle ruins suggest that most of the technological process of stone processing
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took place right there in the castle yard. The results of the study allow presenting for the first time a detailed description
of the masonry artel of “Master Avdii” — a character in the chronicles about the construction of the castle in Kholm

Keywords: building materials; architectural details; stone; processing techniques; masonry tools

INTRODUCTION

The city of Kholm (modern Chetm on the territory of Po-
land) was founded by the King of Rus’, Danylo Romano-
vych, in the middle of the 13™ century. At first it was a
small castle with a town at the foot, but later, realising the
favourable location of this settlement, at the time when the
Mongol army captured the Eastern part of the state, Danylo
rebuilt and reinforced it, and turned it into a capital. Build-
ings of the 13™ century have been preserved here only in
the form of archaeological remains of the foundations and
lower parts of the walls. The great historical significance of
this town and the castle buildings led to the establishment
in 2010 of an archaeological group at the Institute of Ar-
chaeology and Ethnology of the Polish Academy of Scienc-
es to study the remains of the castle’s building structure.
The interdisciplinary team consisted of Polish and Ukrain-
ian researchers who worked under the guidance of Profes-
sor A. Buko (2019). Archaeological research of the castle
grounds revealed a system of fortifications, examined the
remains of the main buildings, and provided rich materi-
al about the construction and technological solutions of
objects. The various artefacts and information obtained
by archaeological excavations will serve for scientific in-
terpretations, understanding of everyday culture, recon-
structions of castle objects, substantiating material about
its construction stages and the nature of architecture. The
analysis of the archaeological remains of buildings, the
study of the technology of their construction and tech-
niques for processing stone materials are important for an-
swering the question of how a large metropolitan city could
have emerged in a short time in the 13" century.

Papers on regional history often contain a presentation
of material about stonemasonry regional traditions, but
they mostly describe these traditions as lost and without a
deeper explanation of the processes of stonemasonry (Gor-
banenko et al., 2021). The most common building material
for the construction of representative buildings (cathedrals
and castle complexes) in the 13™ century on the territo-
ry of Kyivan Rus’ was stone. Carefully crafted stone blocks
were used to build plinths, corners of buildings, frames of
window or door openings and cornices. Stone blocks were
most often used to build the front part of the walls, but
the interior was often filled with chipped or field stones
(Gazda & Bevz, 2020). Operations of processing stone raw
materials to produce construction and architectural and
decorative blocks have a long history. Centuries of prac-
tice gave birth to the profession of a stonemason and led
to the development of tools and traditional techniques for
splitting, hewing, grinding, and carving stone material.
Brick was used mainly in Lombardy, Southern France and
Northern Germany, Denmark and the Netherlands. As a
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building material, brick began to spread in Eastern Europe
only from the end of the 12™ century, and in Rus’-Ukraine,
chipped stone in combination with Byzantine plinth bricks
were used for the construction of prestigious buildings. In
Poland, the first brick buildings appeared in the early 13™
century. Lime mortar was used in the masonry of walls to
join stones or bricks. Residential and palace buildings, and
the entire fortification complexes both in the Rus’ and in
Poland before the 13™ century, were often built using wood
and clay as the main building material. A similar tradition
existed in neighbouring countries and Scandinavia (Wiew-
iora et al., 2024).

Many years of archaeological research on the castle
hill in Kholm revealed the destruction of stone and brick,
but the scientific interpretation of the remains of the walls
showed that the oldest authentic structures of the castle
were built of natural and artificial stone. The most interest-
ing result of archaeological discoveries was that the oldest
buildings and structures (defensive walls, palace, church)
were built from a local green glauconite stone (Buko, 2019).
Its use in the construction of architectural buildings in the
13™ century should be considered a unique construction
phenomenon on the territory of Kyivan Rus’ and Poland.
Glauconite is a sedimentary rock with interesting aesthetic
and technical qualities, unique among stone materials. This
stone is found only in the vicinity of Kholm and occasion-
ally in Western Volhynia (Gazda, 2017). Glauconite stone is
relatively easy to process, which allowed the production of
building blocks for walls and decorative elements — profiled
glyphs of window and door frames and relief details with a
relatively complex composition.

In addition to a large number of conventional rectan-
gular hewn blocks used to build the walls, excavations on
Vysoka Hirka (the name of the site where the castle was
located) revealed a large number of carved architectural
and decorative details made of glauconitite and limestone
(Buko, 2019). The use of green and white stone materials
testifies to the desire of King Danylo to create an archi-
tectural object decorated in the traditions of the Tuscan
school (Gazda & Bevz, 2020). The Romanesque architec-
tural forms used here also show the European orientation
of the founder. The artistic carvings used to create the inte-
rior and exterior decoration of the palace and other build-
ings have analogues in the residences of the neighbouring
countries of the Czech Republic, Hungary, and Poland (Ju-
supovic, 2019; Fehér et al., 2022).

The purpose of the study was to analyse all archae-
ologically discovered remains of walls and foundations,
and separately found architectural details, to reveal con-
struction technologies for the construction of buildings,



techniques for processing stone blocks and carving archi-
tectural details, which are used in the construction of cas-
tle objects at the first stage of construction.

MATERIALS AND METHODS

The research methodology was based on a detailed analy-
sis of the remains of buildings and individual architectur-
al details that were discovered as a result of more than 10
years of architectural and archaeological research of the
castle. The study first highlighted the characteristics of
natural stones used, then revealed the technology of laying
foundations and walls; the next stage was devoted to the
analysis of techniques for cutting, processing, and carving
stone blocks; at the last stage, the technique of manufac-
turing architectural decor parts — profiled rods, cornices,
columns, capitals, etc. — was analysed and reconstructed.
Special attention was paid to deciphering the traces of
processing stone surfaces with various types of tools. The
information obtained helped to understand what tools ma-
sons worked with in the 13™ century and reconstruct the
technical equipment (set of tools) of the construction artel
that worked at the castle of King Danylo.

Instrumental research methods were used only to an-
alyse the microscopic structure of stones (Fig. 1). The re-
search methodology was based on visual inspection of the
remains of stone walls to identify the masonry technology,
and subsequently on a visual inspection of stone building
blocks, architectural details and elements to identify the
techniques of their cutting and processing. Lists were com-
piled of those blocks that had detectable surface texture
with traces of processing, including the lists of all architec-
tural details found.

Figure 1. Surface of glauconite stone
when magnified under a microscope
Source: photo by M. Bevz

Since the castle buildings were preserved only in ar-
chaeological form, the first surveys took place during ar-
chaeological excavations. This survey was carried out in
the context of archaeological excavations “in situ”, when
foundations or walls were discovered archaeologically and
documented. Visual inspection made it possible to identi-
fy those structural elements on which traces of finishing
were well preserved. From these elements, a working list
was formed for further surveys and recordings. The next
stage of work was to photograph these analysed stone
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blocks or parts from the prepared list. If such blocks or
parts were found not in the body of the wall structure, but
in the collapse, they were removed, inventoried, and trans-
ferred for storage to the repository of the archaeological
expedition. This helped to measure them later and take
detailed photographs in the studio. Photographs of blocks
and parts for surface texture analysis were taken in appro-
priate daylight or using artificial illumination of samples
to reveal the texture. The results of photo recordings and
measurements were part of the annual reports. Therefore,
in addition to the authors’ own photographs of the samples
in the field, materials from descriptions and photographs
from other reports were also used. Thus, the study ana-
lysed several dozen stone blocks and parts from different
periods of the expedition, which lasted a total of 10 years.
A special experimental part of the study was the selection
of those samples of stone materials that belonged to the
first phase of the construction of castle buildings. In this
case, the authors relied on the interpretations of building
substances by A. Buko (2019) and T. Dzieritkowski (2019).
Papers by P. Rappoport (1954; 1994), which highlight stone
details found during excavations in 1911, were used in the
study only to compare the details found during new exca-
vations with those found in the early 20™ century. Publica-
tion of several photographs from the 1911 excavations by
P. Rappoport showed these details in a low-quality image
and on a small scale, which made it impossible to use this
material for analysis.

The final part of the study was to investigate the pro-
cessing methods of selected stone materials, blocks, or
parts. First of all, the study of literary sources was carried
out to identify the tools used by masons and construc-
tion artels in the Middle Ages. The scientific literature
on this issue is not very extensive. There were no stud-
ies in Ukraine that would fully cover this issue, with the
exception of isolated local studies (Ivanchyshen, 2017).
Therefore, the authors used the synthesising studies by
H.]. McKee (1973) and R. Jundrowsky (2015). Based on
these studies, an orientation list of typical masonry tools
characteristic of the period of the 13™ century was com-
piled. The final stage of the study consisted in a detailed
analysis and systematisation of traces on the surfaces of
stones from the buildings of the castle of Danylo Romano-
vych. Comparison and interpretation of these traces, and
their relation to the use of various types of tools, formed
the final part of the study and allowed highlighting the
picture of the “construction and instrumental support” for
the building of King Danylo’s castle in Kholm. Studies of
structural glauconitite and limestone blocks were carried
out both on the remains of walls “in situ” in archaeological
excavations, and with specimens preserved in the museum
collection of the Kholm archaeological expedition.

RESULTS
The walls of the structures at the first stage of the castle’s
development are made of stone using two technologies —
“opus emplectum” and “opus quadratum”. Most of the
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sections of the walls were built using the first technolo-
gy (Fig. 2). However, the glauconitite blocks at the corners
of the perimeter defence wall and entrance gate were very
carefully processed and perfectly matched, which allowed
these objects to be made using the second technology.

Figure 2. Fragment of the wall of an unidentified castle

building; a wall made of glauconitite was erected using

the “opus emplectum” technology, excavations in 2015
Source: photo by M. Bevz

The buildings of the second stage of the castle’s de-
velopment were made of other materials and using differ-
ent construction technologies and masonry techniques.
In the foundations of these objects, the secondary use of
high-quality architectural details and rectangular blocks of
glauconitite is documented. That is, the second construc-
tion period came after some kind of disaster, when previous
buildings were destroyed and their material was reused in
new buildings. Refusal to use glauconite stone at the sec-
ond stage of construction can also be a consequence of the
complete depletion of resources of this raw material or a
negative experience of using this stone, which turned out
to be unstable to atmospheric influences (Gazda, 2017) or
exposure to high temperatures in case of fire.

The wall construction technology “opus emplectum”
involves careful masonry of the front parts of the walls
from rectangular hewn blocks (Fig. 3). But the interior of
the walls is filled with broken stone of irregular shapes and
filled ordinarily with mortar. This type of wall is built quite
quickly and has sufficient strength, but it requires a fairly
large amount of lime mortar of very good quality. Glauco-
nitite blocks, well-matched in height in a horizontal string
of rows, were used in the cladding parts of the walls of King
Danylo’s residence, both internal and external.

The stone blocks had different sizes, dominated by
three types: 40x25x20 (Iength x width x height), 33x34x23,
or 37x23x22. A special feature of the walls was that the av-
erage height of blocks in one row of walls was always the
same (the principle of Romanesque architecture), which
ranged from 20 to 23 cm (Fig. 4). These are rather small
block sizes, so a logical question arises — what is the reason
for such dimensions. This height of the blocks may corre-
spond to the approximate thickness of the horizontal pro-
ductive formation in the quarry. In particular, it is known
about a glauconite cloak over the continental chalk layer in
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the castle section of Kholm (Gazda & Bevz, 2020). That is,
the building material was even at hand at the construction
site of the residence facilities.

Figure 3. Fragment of the wall cornerstone made of
rectangular hewn blocks of glauconitite
Notes: traces of various hewing methods can be seen on the
surfaces of the blocks
Source: photo by S. Gotub (2018)

Figure 4. Photo of the North-Western part of the castle
wall; excavations by P. Pokryshkin, 1912

Notes: two ways of building a wall can be easily distin-
guished: 1 - the lower layer is conscientiously and effi-
ciently constructed, 2 — the upper part (the top two rows)
is constructed not as carefully. There are also two types of
stone blocks — a) of a clear cubic shape and b) when only the
front surface and the bottom and top planes of the blocks
are quilted evenly, and the two side planes have a broken
irregular shape

Source: P. Rappoport (1954)

The walls in the Southern part of the castle hill have
been preserved to a height of 1.5-2.0 m. The outer two-me-
tre-thick wall is made of stone in such a way that the sole
of the wall in cross-section is not horizontal, but stepped
down the slope. The difference between the internal and
external levels of the lower part of the wall can be more
than 1 m. Therefore, the external preserved part of the wall
has a height of more than 3 m. An important result of re-
cent research was also that the wall was not built strict-
ly vertically, but with a slope towards the middle on the
outside (Buko, 2019). White and green stone paving on
lime mortar was found on the inside of the wall. Research
in 1911 revealed an underlying layer of rubble stone filled
with lime mortar under the paving. Such a design may



indicate that it was not a paving of the yard, but a floor
structure. An additional argument for this interpretation is
the information that lime mortar also penetrated the wall
thickness (Rappoport, 1954).

Outside the castle wall, 3 m below the hillside, anoth-
er glauconitite wall was discovered in the Southern part
of the hill, which consists of several rows of large stones.
It was also mentioned and described in general terms by
Pokryshkin. He interpreted it as the former foundation of
the mountainside (Rappoport, 1954). This interpretation
cannot be accepted due to the fragmentation of the studied
area. So far, there is no confirmation of the existence of this
“foundation” around the entire perimeter of the mountain.
In the South-Eastern part of the castle, behind a two-metre
defensive wall, the remains of wooden log structures were
found (well below the base of the two-metre wall). It is this
type of structure that was most often used in medieval Rus’
for the construction of ramparts and for strengthening ar-
tificial platforms of fortification objects. Most likely, these
remains are traces of crates that served as the binding
structure of the hillside and may have encircled the entire
hill. However, there is also the assumption of A. Buko (2019)
that it could have been the wooden remains of a shaft built
in the later, second period of the castle’s functioning.

Excavations in 1911-1912 revealed the remains of
a structure made of glauconite stone, which Pokryshkin
called a “tower or well” (Rappoport, 1954). New research on
the object proved that it was built using the “opus emplec-
tum” technology. Along the perimeter, the foundation walls
of the building had an approximate shape of a square meas-
uring 5x5 m and a round inner part with a diameter of 2 m.
The walls are made of not very carefully hewn blocks and
slabs of glyconite on a white lime mortar with a small sand
content. The repair section of the exterior of the walls using
Sarmatian sandstone was traced (Dziekowski, 2019). A sim-
ilar tower in the plan of the 13™ century was preserved in
Stolpie near the Kholm. Its dimensions in the plan are also
5x5 m and the diameter of the inner part is 3 m. This object
was examined in detail by A. Buko (2016). Its walls, howev-
er, are built of quartz sandstone, and not of glauconitite.

An important addition to the discovered technology
for the construction of walls “opus emplectum” was the
opening in the Northern part of the castle hill. The remains
of the so-called building “D” demonstrated the combina-
tion of a stone wall with wooden reinforcement. The stone
structure in the lower part is made of glauconite stone on
a light cream mortar. The walls of the building in the low-
er part were built with powerful wooden beams measuring
20x35 cm embedded in the body of the wall. The bars were
laidinthe middle alongthe axis of the wall at the same height
and probably intersected with the cuttings in the corners
(Fig. 5). The wall thickness averaged 80 cm. Thus, another
innovative technique (reinforcement of the wall structure)
can be noted in the castle construction in Kholm. Perhaps
this technique was used in other buildings of the resi-
dence, but their preservation only in the foundation form
does not allow confirming this with sufficient confidence.
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Figure 5. Fragment of the wall (OBD) of the stone wall
of building “D”, built of glauconitite blocks in the “opus
emplectum” technique and reinforced with wooden beams
Notes: the photo shows a hole in the wall body left by a
wooden beam. The property is located in the Northern part

of castle hill
Source: photo by M. Bevz

Hewn blocks of glauconitite for wall construction and
carved architectural details that appear as archaeological
relics on Vysoka Hirka demonstrate examples of extremely
high structural and artistic performance. The quality of the
hewing of conventional wall blocks is very thorough and
precise. Some of the best-preserved authentic wall frag-
ments and carved details show perfectly hewn and even
smoothed flat surfaces of blocks or profiled elements of ar-
chitectural forms (Gazda & Bevz, 2020).

Compared to other types of sandstone, glauconitite is
characterised by relatively soft grains with similar bind-
ing properties. Grains, apart from soft fragments and bi-
oclasts of Cretaceous rocks, are 80% composed of the clay
mineral glauconite, formed into spherical shapes (Fig. 1),
with a characteristic aggregate internal structure (Gazda
& Bevz, 2020). When hewing or cutting glauconitite blocks
or parts, its structure makes it easy to separate the bonds
between the grains, rather than, as is the case with quartz
sandstones, breaking them by force in the processing plane.
As a result, this material behaves more plastically, but with
strength parameters close to most sandstones. This struc-
ture has an important aspect for research - the surfaces of
the 13™-century Kholm glyconite blocks and details show
clearly visible traces of processing. In some cases, these
traces are traceologically consistent with the stone tools
found in the excavations (Gotub, 2018).

The presence of carved architectural details and frag-
ments of artistic stone decoration in the castle ruins can be
a clear confirmation of the records of the Halych-Volhyni-
an Cronicle about the skilled craftsman Avdii, who worked
and carved stone for the artistic decoration of buildings
(Makhnovec, 1989). The repeatability of the masonry
methods and techniques of processing the building stone
used in the construction of the walls in the form of well-
carved parallelepiped blocks may be evidence of the work
of a highly professional building and masonry artel. This
artel was well acquainted with the technologies of building
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buildings in the Romanesque architectural tradition (Gaz-
da & Bevz, 2020).

Analysis of the building and decorative elements sug-
gests that the Kholm craftsmen used a standard scheme
for the execution of architectural details in stone. At the
first stage, the quarry chipped off the rock in layers of more
or less standard height stone blocks of close to rectangu-
lar shapes. For the first operation, the quarry used rough
hammers and baffles. Visual analysis of stone glauconitite
blocks revealed the use of wide toothed baffles. Such a tool
was driven with a hammer along a drawn line on the sur-
face in two places, tearing off the stone mass of a more or
less regular shape. Such a stone block should have been
chipped off due to the thickness of the productive layer of
stone. According to archaeological studies of Vysoka Hirka,
the thickness of the glyconite layer there was 60-100 cm
(Gazda, 2017). It was possible to break off part of it in a
vertical chip, breaking off part in the desired direction.
Traces of using this chipping method were found on several
blocks (Fig. 6). Subsequently, the block obtained by chip-
ping off a rough, often irregular shape was pressed to the
desired shape on the construction site. To obtain blocks of
the desired size and rectangular shape, their surfaces were
worked out in more detail by cutting. In particular, the
front surfaces of many blocks were hewn with a 2-centi-
metre flat mason’s hammer (Fig. 5). The photo shows clear
traces of such a tool - diagonal stripes on the left side. The
surface of this block also shows traces of light adjustment
with a trowel or a toothed mason’s hammer. This last oper-
ation is indicated by small vertical stripes in certain places
on the surface.

Figure 6. Traces of block splitting with a four-tooth baffle
Source: photo by M. Bevz

Getting smooth surfaces of the stone block required
chipping the excess mass of stone around the entire pe-
rimeter of the block. Excess parts of the stone were chipped
in the right places, first with comb cleavers, then with
ax-hammers or toothax-hammers and mason’s hammers
(also toothed or flat). No traces of sawing stones were
found, so the use of saws to form glauconitite blocks was
probably not practiced. On the surfaces of the blocks, there
are sometimes traces of hewing with a wider hammer with
strips of 40-50 mm (a toothax-hammer is a tool similar to
a small double-sided axe). There are examples when the
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excess protrusion formed after breaking off blocks at the
first stage was roughly removed with a comb chipper, and
then pressed down with a flat one (Fig. 7) or the toothed
end of the mason’s hammer. This final phase of finishing
with a flat or toothed mason’s hammer or toothax-hammer
is carried out until the surfaces are smooth.

Figure 7. Image of two stages
of surface treatment of a stone block
Source: photo by M. Bevz

A flat plane of the walls of blocks or architectural
details was obtained in stages: at the first stage, pointed
cleavers were used for glauconitite or limestone stone —
for the primary removal of stone mass (Fig. 7, bottom of
the block), and at the second stage, hewing with a flat or
toothax-hammer or mason’s hammer with a width of ap-
proximately 40 mm was used (Fig. 7, top of the block). The
photo clearly shows these two phases of surface treatment
of the block, left in the form of traces: at the bottom of the
block — a roughly hewn plane with traces from the comb
chipper; at the top - a plane smoothly hewn in the second
phase with a small flat mason’s hammer.

A special invention of the Kholm stonemasons is the
production of a certain number of blocks “with a hook”
(Fig. 8). Such a block played an important role for more per-
fect binding of stones in masonry. Especially useful was its
use in the corner parts of the walls of buildings. It provided
reliable strength of the wall corner, which has always been
a weak point in masonry technology when conventional
rectangular blocks were used.

Figure 8. An example of a profiled glauconitite block
“with a hook” - a protrusion in the rear inner part
for better binding and “hooking” the block in the wall
Source: photo by M. Bevz



This technique testifies to the high professionalism
of the masons. In Romanesque building practice, it is not
very common to find a technique where corner blocks have
a protrusion in the back along the entire height for better
fastening and “hooking” the block into the wall thickness.
This formal decision is very important for the masons who
build the structure. The fact of its use indicates a well-
thought-out masonry technology and purposeful manage-
ment of all stages of construction of structures on Velyka
Hirka during the construction of the Danylo’s residence
(Fig. 9). The products of the stone workshop and the likely
guidance of the carver Avdii (Kotliar, 2002) over the produc-
tion of decorative elements prove that they were not only
artistically well executed, but also competently designed
technologically for their further use in the construction of
walls and as decorative elements of buildings.

Figure 9. Application of a stone block “with a hook”
in the construction of the cornerstone
of the wall of the Kholm castle
Source: developed by M. Bevz

The analysis materials showed the use of several meth-
ods of cutting stone and the use of several types of tools.
Based on the results of the analysis of stone building ma-
terial, it can be confirmed that three types of hewn blocks
were used in the castle buildings. The first was used for lay-
ing foundations and exterior walls (with a rougher wall tex-
ture), the second - for interior walls with a well-patterned,
flat surface of the block faces, and the third - for interior or
exterior walls with profiled elements or carved decor. The
third type of blocks required the most careful execution,
more operations and tools. The blocks of the third type
were even polished. A separate group consists of delicately
carved elements made of white limestone - a fragment of
the capital with an acanthus leaf and a block of the faceted
nervure base. Even in the first type of blocks for wall con-
struction, the face and side joint surfaces were very careful-
ly made with flat planes. Most often, masons at the Kholm
castle used a double-sided mason’s hammer for trimming
building blocks - flat pointed at one end and toothed at the
other, or flat pointed on both sides. During archaeological
research of the castle, two such tools of different sizes were
found (Fig. 10).

In the walls of castle buildings, there are often blocks
with traces of hewing with a mason’s hammer with a single
sharp tooth (Fig. 11). This trace is obtained from the most
common type of mason’s hammer - when this tool has a
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sharp tooth at one end and a flat blade (or hammer) at the
other. Sometimes such an instrument is called a kilof (Mc-
Kee, 1973). In some regions of Ukraine, mason’s hammer is
also known as “pickaxe” (Ivanchyshen, 2017). There are a
number of blocks where the sharp part of such a tool was
used to roughly chisel off the excess mass of stone and
then to level the end and face surfaces of the block with
the flat part.

"}1' PR,

Figure 10. Illustrations of two tools: a narrower
and a wider straight mason’s hammer with two straight
edges, found in excavations in 2013 and 2016
Source: developed by E. Hander and M. Bevz

Figure 11. Example of cutting
and processing a glauconitite block

Notes: the side surface has traces of hewing (in different
directions) with a sharp-edged mason’s hammer; the front
surface is perfectly flat and polished. The cornerstones of
the block are levelled with a fine-toothed chisel or skarpel
to a width of 15 mm

Source: photo by M. Bevz

One interesting technological pattern is observed: the
front surfaces of blocks hewn with a mason’s hammer or
chisel, as a rule, have a diagonal direction of hewing in re-
lation to the rectangular surface. It can be assumed that
the use of this technique was conditioned by the desire not
to cut the edge of the stone surface at right angles. When
cutting perpendicular to the edge of the stone block, it
would be more difficult to get a straight line of the cor-
nerstone edge. Such diagonal cutting resulted in the final
flat “working” surface of the block. Small traces of diagonal
hewing with a mason’s hammer are found on many glauco-
nitite blocks (Figs. 6, 11).
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The use of certain tools by the construction workforce
is supported by archaeological finds of the tools them-
selves. The metal parts of two more masonry tools were
found in the Southern part of the castle during archaeolog-
ical research in 2011 and 2016 (Fig. 12). These were two dif-
ferent types of chisels and two types of mason’s hammers

with flat ends. The use of each of these two tools provided
a different surface texture. When processing the surface of
the stone with a chisel, the bricklayer also used a wooden
hammer (mallet). The chisels always leave long, very dis-
tinct, even-width grooves on the surface of the stone that
correspond to the width of the blade.

Figure 12. Photos of two types of iron chisels found during archaeological excavations in Kholm
Notes: A —in 2011 in the Southern part of castle hill; B — during the excavations of the Church of the Virgin Mary in 2013

Source: photo by G. Zablocki

Cutting with a mason’s hammer is characterised by
short traces of “cleaves”. The width of the hewing edge de-
pended on the width of the blade. Two widths of the hews
were recorded: 20 mm and 30 mm, which corresponds to
the tools found in the excavations. On the walls of the
stone blocks, traces of such hewing were usually in the
form of parallel rows (Fig. 13).

Figure 13. External surface of the wall block made of glau-
conitite, hewn with a flat mason’s hammer

Notes: thick traces of short hews are visible

Source: photo by M. Bevz

Sometimes, among the museified glauconitite blocks
in Kholm, there are traces of hewing with a chisel rather
than a mason’s hammer. In this case, the notch on the body
of the stone will be long rather than short. When using the
chisel, stonemasons struck them with a wooden mallet (a
hammer with a round head) (Discover the secrets..., 2023).
The mallet with such cutting was a convenient light tool
that allowed not to hit, but as if to push the chisel, extend-
ing its course. As a result of this operation, the use of a chis-
el tended to produce longer, parallel “hew marks” that ran
in the same direction on the surface of the block (Fig. 14).
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Figure 14. Example of hewing the side surface of a glau-
conitite block with a flat chisel with a blade width of
12-15 mm in two directions
Source: photo by M. Bevz

Hill craftsmen also used toothed chisels of different
widths and sizes of teeth. All glauconitite or white stone
blocks, which were elements of architectural decoration,
had perfectly straightened block faces or fractures in their
shapes. Thiskind of preload has characteristic traces-stripes
from the use of a fine-toothed chisel (Figs. 8, 11, 15).

It should be noted that various types of mason’s ham-
mers have been recorded for cutting blocks. In particular,
smooth surfaces of blocks were obtained using a mason’s
hammer with a three-pronged blade (Figs. 16, 17). Judging
by the tracks, it was a tool with a sharp toothed blade with
a tooth pitch of 7-6-5 mm. The interval between the teeth
was 1 mm. Traces of this type of hewn surface have been
found on many glauconitite blocks in the Southern part of
the castle. As noted, traces of cutting with a mason’s ham-
mer are easy to identify, since they have the character of
short cutting-notches. Depending on the type of blade of



the mason’s hammer - toothed or flat, the corresponding
profiles of the ditches appear on the surface of the stone as
traces of cutting.

Figure 15. An example of a surface hewing with
a fine-toothed comb chipper (clearly parallel ditches
of equal depth)
Notes: the bottom edge of the block is trimmed with a fine-
toothed chisel — 15 mm wide strip
Source: photo by M. Bevz

Figure 16. Surface of a glauconitite block with traces

of cutting with a three-pronged flat mason’s hammer
Notes: repeated marks of the three teeth of the tool are
specially marked, indicating the direction and density of
chiselling
Source: developed by M. Bevz
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Figure 17. Hypothetical drawing of a three-pronged flat
mason’s hammer used by a stonemason’s artel
in the 13™ century
Notes: dimensions of the toothed blade: 5-1-6-1-7 mm
Source: developed by M. Bevz

The marks recorded in Figures 15 and 16 from cut-
ting with a toothed mason’s hammer indicate the use of
a 3 cm wide blade. The blade of this tool is asymmetrical -
the teeth are different in width (Fig. 17). The direction of
hewing is diagonal to the rectangle of the block surface.
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The edges of the surface are also trimmed with a toothed
chisel in a beveled direction towards the edge of the block.
This has its own explanation - it would be difficult to get a
flat corner of the block with the perpendicular movement
of the chisel. If the chisel is used to cut the edge at an an-
gle, the part of the chisel always remains on the surface of
the block, allowing for continuous cutting movements by
moving the tool along the edge. The surface of this block
(Fig. 16) also demonstrates the fact that when cutting with
a mason’s hammer, the corner of the block did not turn out
to be of high quality. This effect of using a mason’s hammer
differs from working with a chisel. With the help of a chisel,
it was possible to delicately press the cornerstones of the
block with diagonal movements. This could even be done
manually, without using a mallet. In the same illustration,
a closer look reveals that the right and upper edges of the
block surface are not hewn with a mason’s hammer, but are
trimmed with a delicately toothed chisel.

On the surfaces of individual glauconitite blocks, a dif-
ferent size of mason’s pick was also used (Fig. 18). It has a
wider blade of 4 cm and more worn rounded three teeth.
Traces of hewing with this wider-toothed mason’s ham-
mer were recorded on glauconitite blocks that may belong
to the shrine of St. John Chrysostom, the castle chapel of
King Danylo Romanovych, whose construction in majes-
tic, perfect forms was a special intention of the founder
(Voytovych, 2016). These blocks, as proven by research, are
decorative elements of the entrance portal to the shrine
(Bevz, 2019). The front sides of these blocks have a smooth
polished character, and only the surfaces of the sole and
upper of the block have a smooth surface hewn with a ma-
son’s pick. These surfaces connected the blocks to each
with mortar, creating a complete architectural form of the
portal. This shows a very skilful hewing of the surfaces with
a toothed mason’s hammer, which were later to create an
invisible seam when the blocks were joined. The resulting
horizontal surfaces of the blocks turned out to be perfect-
ly smooth and convenient for connecting to each other
through a thin seam of mortar.

Figure 18. Lower profiled block of the left portal
Notes: traces of hewing with a trident claw with a three-
pronged mason’s hammer with a blade width of 4 cm on the
upper plane of the profiled glauconitite block
Source: processing and photo by M. Bevz
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To obtain smooth face surfaces in stone blocks, which
were made as decorative elements, Kholm craftsmen used
various techniques of their final finishing. In particular,
grinding or surface treatment with a chisel or scraping was
used to finish the hewn surface. For polishing, stonema-
sons usually used blocks of hard stone with a grid of notch-
es. Another method of obtaining a flat surface was to use
wide flat chisels and skarpels. The essence of this method
was to treat the surface with a dense network of perpen-
dicular impacts with a sharp flat skarpel blade or chisel.
As a result, it was possible to remove uneven bumpy areas
from the surface of the stone and get a densely split flat
surface, with the appropriate texture. The textured pattern
of the surface depended on the master’s plan. It could give
it the character of thick parallel notches (Fig. 19) or a grid
of perpendicular lines, etc. This type of surface was made in
those blocks that were used in the interiors of the building
or for decorative elements on the facades.

Figure 19. Rounded surface of the half-column with the
texture of a vertical grooved character, obtained by thick
blows with skarpel perpendicular to the surface of the part

Source: photo by M. Bevz

Two types of flat iron chisels were found in archaeo-
logical excavations at Kholm castle (Fig. 12). They differ
only in the shape of the head. Their working blades are
similar and have a width of about 2 cm. Instead, the use
of notched chisels is only confirmed in the form of specif-
ic marks on stone blocks. That is, the use of both flat and
toothed chisels was common. As a rule, they were used in
the manufacture of profiled and carved parts. But their use
was also recorded for levelling the front surface in building
wall blocks. On the front walls of blocks and architectural
elements from castle buildings, traces of jagged chisels are
most often found. The use of such toothed chisels of two
types was recorded — with small thick teeth on the blade,
as well as with three wider teeth (the so-called “trayanka”).

At Kholm castle, operations were also performed to cut
flat surfaces of stone blocks using skarpels — a tool similar
to a chisel, but with a wider blade. Skarpels, like chisels,
are found with a flat or toothed blade. The use of both flat
and toothed skarpels has been confirmed. Flat ones were
often used to cut off excess parts of the block, for example,
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if necessary, to get grooves-fluting or the shape of rectan-
gular profiles. An interesting feature is the use of skarpels
to create a smooth but textured surface of the block. In par-
ticular, in this way, skarpels were used to produce smooth
surfaces, and then to give the texture a grooved character
by thick strokes of skarpels perpendicular to the surface
on the front part. The study showed that even the surfaces
of rounded half-columns were treated in this way. An ex-
ample of this finishing technique is clearly visible on the
body of a half-column in the corner blocks of door frames
(Fig. 20). The plane aligned with the toothed wide skarpel is
also fixed on the upper surface of the profiled glauconitite
block with the guilloche (Fig. 21).

Figure 20. Marking with a spike or nail
of a modular grid (guilloche) on the upper surface
of a profiled glauconitite block
Notes: the engraved lines are drawn in yellow. The centre
trace from the compass is also marked with a cross when
measuring the half-column
Source: processing and photo by M. Bevz

Figure 21. Reconstruction of the scheme of using
compasses and a ruler for measuring and constructing
profiling on the following blocks based on the use of a
template — a modular drawing on stone with guilloche

Source: processing and photo by M. Bevz

A very specific tool was also used in Kholm to cre-
ate smooth face surfaces on glauconitite and limestone
blocks — a drawknife. The drawknife consists of a wood-
en handle with several fine-toothed steel blades attached
to it. Two types of such tools are known: the first, when
metal-toothed plates are embedded in thick parallel strips
in the slots of a wooden bar; the second, when a specially



made metal stretchable strip is embedded in the bar in two
directions. Often, the toothed blades of fine saws were used
to make drawknife. This tool was used to perform the final
alignment of the block surface. The toothed blades left shal-
low parallel small grooves on the body of the stone (Fig. 22).

Figure 22. Example of final treatment
of the front surface of a glauconitite block

Notes: the surface of the block is perfectly flat, which
indicates the use of a drawknife; small parallel lines from
the teeth also indicate the use of this tool; after hewing,
the edges of the block are delicately cut and levelled with
a fine-toothed skarpel or chisel — a strip along three edges
10-15 mm wide

Source: photo by M. Bevz

The stonemasons used not only percussion tools, such
as toothax-hammers, mason’s hammers, and partially
skarpels. The initial important part of the process of mak-
ing decorative elements was to apply drawings on stone
blocks for their subsequent processing to obtain profiled or
other, in particular, carved parts. A compass and a so-called
spike (a sharp pencil-shaped metal tool) were used to draw
the required profiles on the stone. Shpichak had a dual
function: it served to make drawings, lines, profiles on the
surface, but it also served to drive a stone into the body;, if
necessary, break off part of it, or to create a depression (Mc-
Kee, 1973). For example, such depressions and protrusions
were specially knocked out on the two surfaces with which
the blocks were joined, for better adhesion. If it is neces-
sary to obtain a profiled side of the block or some carved
contour, the desired contour was applied to the pre-treat-
ed flat surface of the block with a sharp metal “spike”. On
several glauconitite blocks, lines were found applied to
the levelled smooth surface-marks for removing unneces-
sary parts and marking places where blocks can be bound.

On one of the blocks there is a unique pattern cut out
with a spike or nail. A template (guilloche) was drawn on
the wide surface of the block for drawing and carving sub-
sequent decorative blocks of this type. In this case, this re-
fers to a type of block with an angular carved half-column
and a double strip of fluting (Figs. 20, 21). A separate illus-
tration shows a reconstruction of the measurement scheme
and constructions using compasses and a ruler of the pro-
cess of finding and drawing the profile of a half-column and
fluting. After such a drawing of the desired contour on the
upper surface of the block, the excess part of the stone was
cut off. It can be concluded that the guilloche block was
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made first, and later served as a reference for measuring
and transferring the circuit to subsequent blocks of such
profiling. In total, more than 10 corner blocks with such
profiled decor were found in excavations in recent years
and in excavations from 1911-1912. Rectangular profiling
of blocks made of arched or other curved elements was per-
formed with chisels (Fig. 23).

Figure 23. Fragment of a white stone curved profiled part
with traces of surface treatment with a chiselk
Notes: 1 - trace from the use of a flat chisel with a width
of 20 mm for horizontal chipping of the surface; 2 — trace
from a flat chisel with a width of 20 mm and a thickness of
1.5 mm for profiling, cutting off part of the stone; 3 - very
thin diagonal traces from removing part of the stone with a
fine-toothed chisel or skarpel to obtain a flat surface and a

rectangular profile of the part
Source: photo and designation by M. Bevz

The rounded shapes of architectural details and carved
elements of a more complex nature were polished with a
fine-grained rounded wheel or a specially made stencil
made of harder stone. Although it should not be excluded
that a small thick notch with vertical stripes may indicate
the use of skarpel for chipping excess parts of the stone
mass. The surface of a vertical half-column with a carved
grid of furrow marks forms a perfectly rounded shape with
small regular tool marks (Fig. 21). Perhaps, to get such a
correct shape, masons also used a convex template, which
constantly checked the correctness of the hewn shape of
the half-column. For carving rounded surfaces, rounded
chisels were used - the curve chisel (Fig. 24). Curve chisel,
like other chisels, could be of different sizes (widths) and
different curvatures. The front surfaces of the blocks could
be sanded. This is demonstrated by the front, very flat pol-
ished surface of the block found in an excavation site in the
Northern part of Kholm. The fact that the grinding opera-
tion itself took place is indicated by curved furrows from
circular movements on the surface (Fig. 24).

Analysis of profiled stone parts shows that the edg-
es-cornerstones of semicircular or other convex shapes in
architectural profiles were finally delicately cut at an angle
of 45 degrees with a fine-toothed chisel (Figs. 20, 21). This
pattern of cutting the cornerstone was performed by a spe-
cial operation, when the chisel was placed perpendicular to
the line of the cornerstone, but moved to cut at an angle of
45 degrees. After such a delicate cutting of the corner of the
block, its sides were pressed in accordance with the level of
the strip of the corner. Over time, their surfaces could also
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be sanded. For carving more complex architectural forms,
various widths of chisels, skarpels, curve chisels, and drills
were used.

Figure 24. Example of a glauconitite block with angular
vertical half-columns and fluting

Notes: two shallow fluting grooves were made according to
the prepared pattern by cutting with a wide skarpel and then
levelling with a fine-toothed chisel with the movement of its
blade at an angle of 45 degrees. The body of the half-column
has vertical traces from sanding or delicate processing with
skarpel. The front surface of the block is also smoothly
sanded in different directions

Source: photo by M. Bevz

In addition to a large number of ordinary rectangular
wall hewn blocks, excavations on Vysoka Hirka revealed a
certain number of architectural details or fragments made
of glauconitite and limestone, which had a carved decor.
An example of a highly artistic design of such a detail is
a fragment of a limestone stone capital (Fig. 25). The part
is polished and very delicately carved. The nature of the
carving and style of acanthus leaves are very similar to the

products of the Galician school (Gazda & Bevz, 2020). The
unique feature of this piece is the use of intarsia — glauco-
nitite “eyes” are inserted in the drilled acanthus curls.

Figure 25. Fragment of a carved capital corner
with an acanthus leaf
Source: photo by M. Bevz

The summary Table 1 presents the results of a compar-
ative analysis of the use of various tools and, accordingly,
different techniques for cutting and processing structural
stone blocks or architectural details. The results demon-
strate the use of traditional medieval tools and techniques.
For a better understanding of the use of a particular stone
cutting technique, along with a photo of the stone surface,
an image of the tool that was used for the technological
operation is presented.

Table 1. Techniques for processing and carving stone in buildings
of the 13 century on Vysoka Hirka in Kholm with identification of appropriate tools

No. Tools, name

Photo of the treated stone surface

<M

Ax-hammer
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Table 1. Continued

No. Tools, name Photo of the treated stone surface

A AR

Crandall hammer

4
Mason’s pick with hammer and point end
Qf\!\/\’vw\,
5 =
)
e
Toothax-hammer (made with teeth of the desired size — small
or large)
6
Mason’s hammer with combined blades - flat and toothed
(hewing with the flat side)
7
Mason’s hammer with combined blades - flat and toothed

(hewing with the toothed side)

8 §

-8 |

Mason’s hammer with two flat edges (the edges of the blade
are slightly rounded due to grinding)
e P e ot G gy !
9 e

Fine tooth chisel (alignment of block edges)
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Table 1. Continued

No. Tools, name

i ZZ et 7 e AL 3

10
Trident tooth chisel

11 -

13 century narrow chisels found on Vysoka Hirka

s |
: - 3

Curve chisel

13
14
15
iR
Grinding stone
f
16 =i e

Spikes (thin and coarse)
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No. Tools, name

17

Drawknife (adze)
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Table 1. Continued
Photo of the treated stone surface

Source: developed by M. Bevz

The results of the study do not provide grounds for
accurate dating of the processing methods used (since
the blocks could be reused and further processed). How-
ever, no other methods of stone processing were found,
even in cases where repeated use of blocks was suspected.
Most carved and hewn limestone and glauconitite blocks
or parts, according to their formal characteristics, belong
to the same construction period. Although they have been
found in various excavations in different parts of the Vyso-
ka Hirka, the similarity of their processing is beyond doubt.
The results of the study, on the one hand, demonstrate the
complete tools of the construction artel and, on the other,
show the relative conservatism of the development of con-
struction technologies in the 13% century in Kholm. This is
evidenced by the absence of traces of the use of saws and
mechanised operations.

DISCUSSION
The list of researchers who have considered the architec-
tural and construction aspects of King Danylo’s castle in
Kholm is very narrow. These are usually participants of
an architectural and archaeological expedition working
on Vysoka Hirka since 2010. All of them are listed above.
Therefore, their assessment of the accuracy of interpreta-
tions should be relied upon. The discussion element of the
presented study is the correct interpretation of: a) tech-
nologies for building walls; b) techniques for processing
building blocks and architectural decorative details. If the
discussion on the first issue is hardly possible, since the na-
ture of the two types of masonry is clearly recorded in the
reports, documents, and drawings of the expedition and is
beyond doubt, then on the second issue (interpretation of
the tools for cutting blocks and parts by the masonry artel),
hypotheses are expressed for the first time and a discussion
and critical remarks can be expected.

Regarding the first aspect of the study — technologies
for building walls, it should be noted that the first research-
er who highlighted this issue was P. Rappaport (1954).
Based on the analysis of reports and notes of archaeological
research by P. Pokryshkin since 1912, P. Rappaport (1954)
first revealed the technological features of the construction
of walls in the castle of Danylo Romanovych. However, its
descriptions are directed only to objects in the Southern
part of Vysoka Hirka. Repeated excavations in 2017-2020
in this part of the castle fully confirmed the results of the

first expedition (Buko, 2019). Excavations revealed a rec-
tangle of walls in the Southern part of Kholm (measur-
ing 33x22.5 m), surrounded by a defensive wall about 2 m
thick. The wall is made of stone in the “opus emplectum”
technology. Pokryshkin’s notes indicated that the wall was
dominated by green glauconitite and white limestone.
The yellowish and reddish stones mentioned in the notes
turned out to be glauconitite blocks that changed colour
due to high temperature (the fire of 1256) (Gazda, 2017).
The outer face of the wall is made up of larger stones, while
the inner face is made up of smaller stones. On the corners,
an exclusively green stone was used, in the form of bet-
ter-processed, rectangular blocks. Occasionally, there are
20x25 cm nests in the wall. P. Rappaport (1954) interpreted
them as remnants of scaffolding. The correctness of this in-
terpretation should be verified by additional studies. Nests
of this size were probably intended not for scaffolding, but
for structures. Horizontal rows and layers of stone in ants
were carefully stacked from blocks of a certain equal height
in each row, but the rules for tying blocks together were
not strictly observed (Dzierikowski & Gotub, 2018). An im-
portant and interesting conclusion from the research of
1910-1912 is contained in the notebooks of P. Pokryshkin,
where he notes that the outer side of the wall was proba-
bly plastered or had a wide grout: there are traces of grey
lime mortar on the wall, but the mortar in the masonry and
joints is slightly whiter (Rappaport, 1954). The researcher
also did not rule out possible lime painting of the walls.
Research of the expedition led by A. Buko (2019) in
2010-2018, in addition to re-opening the remains of the
castle in the Southern part, also carried out several exca-
vations in the Northern part of Vysoka Hirka. A total of 32
excavations were completed. Regarding the second aspect
of the study — techniques for processing building blocks
and architectural decorative details — this issue has been
ignored by Kholm researchers until recently. Published
materials from P. Pokryshkin’s research mention about
30 architectural details found, but only a few details were
described, paying attention only to their shape and size.
That is, they are not put into scientific circulation, and the
published materials do not cover the issues of their man-
ufacturing technology. The results of new research under
the guidance of A. Buko (2019) allow supplementing this
collection with new carved elements of approximately the
same number, but they also did not become the subject of
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a separate publication. The need to generalise and sys-
tematise the results of long-term research of the Kholm
residence in the construction and technological aspect
was emphasised by S. Gotub (2018). In the study of stone
processing techniques, the analysis covers only the latest
architectural elements found (from excavations in 2010-
2018), so to a certain extent this study is not complete and
it is expected to be supplemented with more details. How-
ever, even in this format, the technical means and techno-
logical features of the local Kholm stonemasonry school
are fully described.

For the first time in the scientific literature on con-
struction in 13%™-century Ukraine-Rus’, the technologi-
cal and technical aspects of the process of constructing
a stone building are described in detail: materials, stone
processing techniques, tools used for this purpose, fea-
tures of masonry, methods of making decorative elements,
and various types of decorative surfaces in stone blocks.
Although previous researchers declared that they had
covered this topic, they merely listed the types of stone
and stated that manual methods of processing were used
without disclosing detailed characteristics of the types of
work and tools. Such an example is the study by P. Rap-
poport (1994). In addition, the above study incorrectly
classified the buildings of Kyivan Rus’ as Russian. Anoth-
er part of the researchers (Jundrowsky, 2015) tried to de-
scribe the development of the stonemason craft during a
certain historical period. These studies contain lists of
typical tools that were used in certain historical periods,
but often there is no specific data on the relationship be-
tween the construction of a building and the nature of ma-
sonry operations, their technological sequence. Especial-
ly when it comes to the older medieval period. There are
also papers containing the analysis of the stone material
itself, but without conclusions about its processing tech-
nologies (Hutzuliak & Shevchenko, 2016). As a result, the
analysis presented in this study is implemented, since the
Kholm castle is in the form of an archaeological ruin, as
if in a “disassembled form”, which allows exploring many
things that could not be done on fully preserved buildings.

CONCLUSIONS

Archaeological research has shown that the oldest part

should be considered a unique construction phenomenon
on the territory of Kyivan Rus’ and Poland.

The study revealed a wide variety of techniques for
hewing, carving, and surface treatment of stone blocks and
parts. Since all of them are used for processing glauconi-
tite, masons used them in the 13™ century, because only
during this period the construction of the residence of King
Danylo Romanovych took place from this material. The re-
sults of the comparative analysis demonstrate the use of
traditional medieval tools and techniques.

The technological features of the local Kholm stonema-
sonry school of the 13™ century highlight the construction
and architectural means, tools and techniques typical of the
construction team of the chronicle artist-carver Avdii. The
revealed methods of working with the stone indicate that a
highly qualified team of masons worked at the Kholm castle,
but no evidence was found that it was specialists brought
from abroad. Instead, the presence of a chronicle mention
of the master Avdii proves that these were performers of
the local, Kholm or Galician school. Belonging to the Ro-
manesque technique of building walls and the Roman-
esque style of decorative elements cannot be a convincing
argument about the foreign origin of masons. The study is
yet another evidence of a mature and long-lasting tradition
of Romanesque Ukrainian architecture with centres in Per-
emyshl, Halych, Volodymyr, and Kholm in the 13" century.

The construction of stone walls in Kholm takes the form
of masonrytechnology “opus emplectum”,whichwasa char-
acteristic feature of the construction of buildings of the Ro-
manesque architectural style of the 12-13%™ centuries. The
construction of the wallsin Kholmis characterised by the use
of blocks with a protrusion in the cornerstones. This tech-
nique testifies to the high professionalism of the masons.

In general, the presented material is an addition to the
picture of architectural and construction craft in Ukraine-
Rus’ in the 13™ century. The results can be used to build
hypotheses about the quantitative composition of the con-
struction artel, the distribution of professional responsibil-
ities among its members, and the direction for further re-
search can be compared with construction techniques and
technologies of other schools of the 13 century — in Hal-
ych, Sandomierz, Krakow, Buda, Esztergom, Poznan, etc.

of the Kholm castle was built of two types of stone - lo- ACKNOWLEDGEMENTS
cal green glauconitite and white limestone (probably im-  None.
ported, which protrudes in much smaller quantities com-
pared to glauconitite). The use of glauconite stone in the CONFLICT OF INTEREST
construction of architectural buildings of the 13 century  None.
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TexHonoria MypyBaHHS CTiH i 06po6KK KaM'aHUX MaTepianis
y 6yaiBnax 3amky Xlll ctonitTa kopona JaHuna PoMmaHoBMYa B XonMi

AHoOTaUiA. AKTyalbHICTh JOCTIHKEHHSI 3yMOB/IEHA BEJIMKUM KYJIbTYPHUM 3HAUEHHSIM 3aMKy KOpPOJst [JaHMIa, OMHOTO
3 He3BUYAHMX apxiTekTypHUX 00’ekTiB XIII cT. Pyci. MeTa moCTimKeHHS — PO3KPUTY Oy[iBeqbHi TEXHOMOTii, TeXHiKu
06po6KM i pi3bOIEHHS apXiTeKTypHUX JeTaeii 3 KaMeHIo, 10 iX 3aCTOCOBaHO MTPU 3BeJleHHi 3aMKOBUX 00’eKTiB. MeTomuKa
IOCTiIKeHHST 6a3yeThCSI HA IeTaIbHOMY aHasi3i 3aauIIKiB 6yaiBesb Ta OKpeMuX OyiBeTbHIX UM apXiTeKTYPHUX AeTaseit,
SIKi BiAKPUTI B pe3y/bTaTi apXiTeKTYpHO-apXeoyoTiYHMX HOC/TIi[KeHb. Y CTaTTi MpOaHasai30BaHO XapaKTepUCTUKU
3aCTOCOBAHMX TPUPOIHMUX KaMeHiB. ApXeOoJIOTiuHi 3aJMIIKM OOOPOHHOI CTiHM, BEX, (PyHZAMEHTIB Ta CTiH KiJIbKOX
6yzniBenb, MPU3HAUEHHS SIKMX Ille He BUSICHEHO, MPe3eHTYIOTb OO'€KTM CTBOPEHi BUCOKOMpodeciiiHow 6yiBeabHO0
MaiicrepHero. PO3KONKY BUSIBUIM BeNIMKY KiJIbKiCTh Pi3bOIEHMX NEKOPATUMBHUX APXiTEeKTYPHUX AeTaseil 3 ITayKOHITy
Ta BallHSIKY, BUKOPUCTAHHS SIKMX CBIJUUTH MPO 6AraTCTBO apxiTeKTypy Ta MpPe3eHTye KOHKPeTHi apXiTeKTypHi dhopmu
POMAaHCHKOTO CTMJIIO. 3aMOK Ha MepIIoMy eTarti 6yayBaBcs Jiniile 3 KaMeHI0, Ha IPYTOMY — 3aCTOCOBYBaIacs TaKOX I1eria.
Haiicrapimri criopyay 6ynu 3po6iieHi 3 HaTypaJIbHOTO KaMeHIO-IIayKOHITUTY. KpiM MiciieBoro 3ejIeHOro IiiayKOHIiTUTY,
3aCTOCOBAHO TAKOXK IMiCKOBUK, BAllHSIK Ta CKaM siHiIa Kpeiiga. 1]ikaBolo 0CO6MMBICTIO 3aMKY € 3aCTOCYBaHHSI TUIIOBOI
POMaHCHKOI TEXHOJIOTii MypyBaHHSI CTiH, TEXHIK TeCaHHS KaM SIHMX OJIOKiB Ta pi3bOJE€HHS TeKOPAaTUBHUX KaM STHUX
neraneii. 3a pe3yibTaTaMy AOCTiIKEHb MOXKHA CTBEPIUTH, IO TYT 3aCTOCOBYBABCSI CTAHIAPTHUIA IJisl TOTO yacy Habip
PYYHUX iHCTPYMEHTiB. 3aJMIIKM Pi3bOIeHUX KaM SHUX JeTajeil MOKasyloTh GaraTuil IUiacTMUYHUIT BUCTDIiit dacanis
Ta iHTep’epiB 3aMKy. [TomibHi BMpPOOGM Ta TEXHOJOrii He 3yCTPiualoThCS B iHIIMX TOTOUYACHMX 3aMKax Pyci. 3Haximku
KaMeHSIPChbKMX iHCTPYMEHTIB y 3aMKOBUX DPYyiHax OO3BOJSIOTH MPUITYCTUTH, IO Oi/bIIa YacTMHA TEXHOJOTiYHOTO
npoliecy 06pobKM KaMeHI0 BiioyBasacs TyT ke — Ha 3aMKOBOMY [IBOpi. Pe3ynbTaTu qOCTiIKeHHS LO3BOJSIIOTh BIIeplie
MpeCTaBUTY IeTaabHy XapakKTepUCTUKY KaMeHsIpCbKOi apTini «MaiicTpa ABLisi» — IepCcoHaska JIiITONMCHUX PSIZIKiB PO
OyIiBHUIITBO 3aMKy B XOJIMi

Knio4oBi cnoBa: GynisenbHi MaTepiany; apXiTeKTypHi JeTasi; KaMiHb; TeXHiKa 06pOOKN; KAMEHSIPChKi iHCTPYMEHTH
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