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Tools Used in Tagar Rock Art: 
Findings of an Experimental Traceological Study

We describe the fi ndings of traceological analysis and experiments with bronze and iron tools used by Tagar 
and Tes artists. The pecking traces these tools leave on the red Devonian sandstone were examined to assess which 
of them could have been used in rock art production. At the fi rst stage, a preliminary analysis of Tagar petroglyphs 
was carried out, and metal tools and weapons from the Martyanov Museum of Local History in Minusinsk were 
examined. Morphologically suitable ones were selected, and experimental tools were made of stone, copper alloys, 
and low-carbon steel. Experiments were conducted and samples of pecking traces were produced. The fi nal stage of 
the work consisted of comparing these samples with actual petroglyphs, and use-wear traces on the experimental 
tools with those on the actual tools. This approach made a direct comparison possible. Among the Tagar and Tes 
metal tools, those that had likely been used in rock art production were detected. The conclusion was made that no 
specialized tools designated for that purpose existed at that time in the Minusinsk Basin. Rather, multifunctional tools 
were used. These were made of tin bronze and low-carbon steel with thermal processing. Such tools fi rst appeared 
in the region in the Early Iron Age.
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THE METAL AGES AND MEDIEVAL PERIOD

Introduction

Correlating petroglyphs with specifi c forms of tools used 
for their creation has always been crucial for the study of 
techniques applied to petroglyph making. This becomes 
particularly acute when petroglyphs do not have a clear 
cultural or chronological attribution (for example, the 
earliest rock art) (Molodin et al., 2019; Miklashevich, 
2020; Zotkina et al., 2020; Zotkina et al., in press), but 
is also relevant for imagery that is reliably associated 
with a particular archaeological culture. The problem 
primarily results from the scarcity of fi nds, which may 
be linked to the process of creating rock art (Zotkina, 
Bocharova, 2017: 28). Even if artifacts that, according to 
their morphological features, might have served as tools 

for creating rock art were found directly under the panel 
with petroglyphs, the fact of their use in this capacity 
needs to be proven.

The experimental traceological approach is usually 
applied to the study of techniques in rock art (Beaune, 
de, Pinçon, 2001; d’Errico, Sacchi, Vanhaeren, 2002; 
Girya, Devlet E.G., 2010; Aubry, Sampaio, Luis, 2011; 
Miklashevich, 2012; Bradfi eld, Thackeray, Morris, 2014; 
Zotkina et al., 2014; Santos Da Rosa et al., 2014; Zotkina, 
2019; Fedorova, 2019; Zotkina, Kovalev, 2019; Zotkina 
et al., 2020; Molodin et al., 2020). Several studies are 
known that have successfully correlated rock carvings with 
the archaeological tools used for their creation (Alvarez 
et al., 2001; Plisson, 2007; 2009: 442–443; Gueret, 
Benard, 2017: 105–111; Lopèz-Tascon et al., 2020).
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The tools for experimental reproduction of rock 
images are usually chosen using one of two approaches. 
The fi rst approach is to examine the most diverse toolkit. 
This is optimal if there are no data on the period when the 
petroglyphs were created and there is a lack of tool fi nds 
potentially suitable for making these images. In this case, 
one needs to test all acceptable options, for which a fairly 
representative series of tools made of various lithic raw 
materials and metal alloys is assembled. It is advisable to 
select the tools with active parts of various shapes, different 
weights, etc. (see, e.g., (d’Errico, Sacchi, Vanhaeren, 
2002)). The second approach implies a larger amount 
of initial data available. If cultural and chronological 
attribution of petroglyphs is reliably established, it is 
advisable to turn to the archaeological evidence and to 
make a selection of tools with morphological features 
suitable for making rock images (see, e.g., (Zotkina, 2016: 
311, fi g. 7)). Then, after the analysis of archaeological 
collections, a reference base is formed, which should be as 
close as possible to the technological conditions relevant 
for the archaeological culture under consideration. This 
approach was followed while studying the technological 
features of rock art of the Tagar and Tes period and of the 
toolkit available to ancient artists at this time.

Scholars associate the rock art of the Scythian period 
in the Minusinsk Basin with the Tagar culture (8th–
3rd centuries BC) and with the Tes transitional stage (late 
3rd century BC to early 1st century AD) (Savinov, 1994: 
124; Kuzmin, 2008: 187). It is considered “a separate 
trend of the Scythian Siberian style” (Sovetova, 2005: 4). 
Notably, the style in rock art of that period evolved 
according to its own laws and did not always fully 
correspond to internal stages in the development of the 
Tagar culture and its Tes stage (Vadetskaya, 1986: 77–
129; Kuzmin, 2008; Chlenova, 1992). Therefore, the 
rock art style development does not always correspond 
to periodization of the material culture (Sovetova, 2005: 
15). Scholars often call the Tes rock art of the Minusinsk 
Basin “the transitional Tagar-Tashtyk” style (Ibid.; 
Devlet M.A., 1976; Baiberdina (Talyagina), 2019), taking 
into account the gradual emergence and consolidation of 
the fi gurative tradition in connection with the arrival of a 
new population and recognizable artifacts typical of the 
Tes stage. 

The tools of the Tagar and Tes period are heterogeneous 
in composition and mechanical properties, since 
metalworking in the Minusinsk Basin at that period 
underwent signifi cant changes. Scholars describe the period 
from the 8th to the 4th century BC as technologically 
unstable, with preservation of the remnants of the 
pre-Tagar period. By the 5th–3rd centuries BC, 
tin bronze became the main material, with a standardization 
of technology (Naumov, 1963: 189–190; Khavrin, 2000). 
At the later stages of the Tagar culture, in Southern 
Siberia there appeared iron items; however, scholars 

identify them as imported products (Zavyalov, Terekhova, 
2014: 111). The increase in the number of iron items at 
the Tes stage, including artisan tools, can be associated 
with the emergence of local metallurgy, yet the first 
known centers for manufacturing ferrous metal items go 
back to the period corresponding to the Tashtyk culture 
(Sunchugashev, 1979: 28). These data determined the 
choice of archaeological evidence whose features became 
the basis for manufacturing bronze and iron experimental 
tools used in the technological study of rock art of the 
Tagar culture and Tes stage.

This study was intended to establish the technological 
capacities of the Tagar and Tes metal tools as implements 
for creating petroglyphs by pecking, and to identify the 
artifacts that could have been used for this purpose.

Material and methods

Following the classic experimental traceological approach 
(Semenov, 1957: 6–7, 9, 11), the study of archaeological 
artifacts involves:

analyzing the archaeological evidence;
proposing a working hypothesis based on the data 

obtained, preparing experimental tools, and conducting a 
series of experiments;

comparing the results of experiments with the initial 
data—traces on the experimental tools vs. original 
artifacts; making a conclusion that confi rms or rejects the 
working hypothesis.

This study was carried out in order to reconstruct 
the technological process of making petroglyphs using 
the pecking technique in conditions as close as possible 
to those in which the artists of the Tagar-Tes period had 
to work. For doing this, experimental tools (replicas of 
archaeological metal artifacts) were made on the basis of 
archaeological data, morphological features of the Tagar 
and Tes tools, and published information on the chemical 
composition of Tagar bronze alloys. A panel of red-
colored Devonian sandstone with a fairly intense desert 
varnish, found near the village of Poilovo in Kuraginsky 
District of the Krasnoyarsk Territory, was chosen as 
the experimental test site for producing the samples of 
pecking (Zotkina et al., 2020: 449). No rock images 
were found on the surface during preliminary inspection 
of the panel under different lighting conditions and by 
microscope. There were also no petroglyphs on the 
adjacent panels, which made this panel the most suitable 
as an experimental test site.

The experimental traceological study involved both 
reconstructing the technological process of pecking the 
Tagar petroglyphs and identifying specifi c use-wear traces 
that appeared on Tagar metal tools in the course of their 
use in making rock carvings. Thus, the research algorithm 
was as follows:
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creating replicas of bronze tools (experimental tools) 
based on the analysis of collections of Tagar metal 
artifacts;

performing various types of pecking (direct and 
indirect, sparse and dense, with and without removal of 
the active part of the tool from the surface) on the panel 
of the experimental site, using the replicas of Tagar and 
Tes metal tools;

carrying out traceological analysis on experimental 
samples of the pecked surface;

studying use-wear traces on the active parts of the 
replicas of the Tagar and Tes metal tools;

comparing the traceological features of the pecking 
samples and use-wear traces on the experimental tools 
with their archaeological originals.

Thus, the study implied a comprehensive analysis 
of the chaîne opératoire* of creating petroglyphs in the 
Tagar period.

Documenting the process and results of the 
experimental traceological study involved recording each 
stage of the experiment in accordance with the description 
protocol (taking into account the time of pecking, the 
number of impacts, various methods of pecking, position 
of the tool on the panel, features of tool use-wear, and 
characteristics of the resulting modifi cation of the rock 
surface). The experiments were recorded using a GoPro 
Hero 5 Action Camera (video recording 120 fps). The 
3D-models rendering the details of all the samples of 
pecking were made using the cloud photogrammetry 
technique (the frames were put together using the Agisoft 
Metashape Pro software). A Nikon D750 full-matrix 
camera with an AF-S MICRO Nikkor 60 mm macro lens 
and Nikon Speedlight Kit R1C1 Macro ring fl ash, which 
makes it possible to produce shots uniformly illuminated 
in all areas, was used for obtaining high-precision models 
(over one million points over the area of 3–5 cm2) and 
further studying the traces in detail both in plan and in 
side view.

Specifi c features revealed by pecking in plan view 
were analyzed using a portable microscope with ×20 
magnifi cation (Nikon 11470 NS). For obtaining the data 
on the features of pecking in side view, 3D-models of 
experimental tools and traceologically signifi cant areas 
of petroglyphs were analyzed. The MeshLab, Blender, 
and Geomagic Studio software was used for analyzing the 
metric parameters of indentations in plan and side view, 
as well as the morphological features of pecking marks 
(based on 3D-models).

Rock images at various scales (from a general view of 
the panel to details of petroglyphs with areas of 1 cm2 or 
less) were photographed using a Nikon D750 camera with 
different lenses (AF-S Nikkor 14–24 mm, AF-S MICRO 

Nikkor 105 mm, AF-S MICRO Nikkor 60 mm). Macro-
photography captured use-wear traces on archaeological 
artifacts and experimental tools using the stacking 
technique with a Nikon D 3200 camera which had an AF-S 
MICRO Nikkor 60 mm lens. The Helicon Focus software 
was applied for obtaining sharp photographs based on the 
frames with focus on different areas. Documentation of use-
wear traces on the active part of the experimental tools was 
made after each series of pecking, before rejuvenation, or 
after the tool became unusable.

Results

Experiments on the production of metal tools

Experimental replicas of tools and weapons of the 
Tagar culture, which could have been used for creating 
petroglyphs, were made for identifying potential bronze 
tools. Various artifacts of the Tagar culture of the 5th–
3rd centuries BC from the collection of the Martyanov 
Museum of Local History in Minusinsk were examined. 
Individual iron items of the Tes period were also studied. 
Pointed and chisel-shaped tools, chisels, spear-shaped 
chisels, and battle axes were chosen as samples for 
experimental tools made of copper and bronze. Iron 
experimental tools included pointed tools.

Replicas made of non-ferrous metals were cast 
in clay two-partite casting molds using wooden 
experimental tools. The metal was smelted in ceramic 
crucibles in a coal hearth, using manual air injection with 
two-chamber bellows. Since mechanical properties of 
copper-based alloys signifi cantly differ depending on the 
tin content, which, among other things, affects the nature 
of use-wear traces, the published results of analyzing 
the elemental composition of the Tagar metal items 
were used. Seventy six samples were taken into account 
(counter-weights, chisels, celts, spearheads, sickles, 
battle axes, axes, and items of unknown purpose). It 
has been established that most of the items were made 
of copper and bronze with a tin content reaching 12 % 
(Savelieva, 2015, 2016; Khavrin, 2000: Pl. 1; 2007: 
Pl. 1). Considering these data, copper and 5 % and 
10 % tin bronze were chosen as materials for casting 
experimental tools. After smelting, the experimental 
tools were studied by scanning electron microscopy 
and energy-dispersive X-ray spectroscopy (SEM-
EDX) using a Hitachi TM3000 desktop microscope and 
Bruker Quantax 70 elemental analyzer at the Center for 
Collective Use, “The Geochronology of the Cenozoic”, 
at the Institute of Archeology and Ethnography SB RAS. 
It was established that the content of tin in the resulting 
bronzes was 4–5 and 7–8 %.

Subsequently, the castings were subjected to forging 
and metalworking using stone and metal tools with 

*The sequence of specifi c operations that constitute an entire 
technological process (see (Leroi-Gourhan, 1964)).
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parallels from a wide geographical and chronological 
range, which included hammers made of pebbles, copper, 
and bronze, anvils made of large pebbles, and abrasives 
of sandstone (Golubeva, 2016; Gorashchuk, Semin, 
2018; Knyazeva, 2011; Fregni, 2014). Casting defects 
were removed. The functional elements of the tools were 
subjected to hard forging (cold hardening).

As a result, the reference collection of metal 
experimental tools (11 items in total) included (Fig. 1): 
copper chisels, 4–5 % and 7–8 % bronze; pointed tools 
made of copper, 4–5 % and 7–8 % bronze; a chisel-like 
tool made of 7–8 % bronze; spear-shaped chisel made of 
4–5 % bronze; battle axes made of 7–8 % bronze, and 
hammers made of copper and 4–5 % bronze.

Iron experimental tools (pointed and chisel-shaped) 
were forged of low-carbon steel of two grades (CT1 with 
a carbon content of 0.06–0.12 % and CT3 with a carbon 
content of 0.14–0.22 %). Half of the experimental 
tools were hardened in cold water. As a result, eight 
experimental tools were obtained: pointed tools made 

of CT1 and CT3 steel, unhardened and hardened, 
and chisel-shaped tools made of CT1 and CT3 steel, 
unhardened and hardened.

Pecking experiments

After the set of reference metal tools was prepared, 
experiments were carried out to perform pecking on 
the rock surface (Fig. 2). Each tool was used until the 
fi nal stage of wear—the state of the active part when 
the tool becomes unsuitable for pecking. In most cases, 
the experimental tools, despite intensive wear, were 
rejuvenated after each use. Typically, each experimental 
tool served to perform three or four pecking samples.

In the course of the experiments, attention was paid 
to the effectiveness of the tools and correspondence 
of the resulting indentations to traces of pecking 
among the petroglyphs of the Tagar and Tes period 
or other chronological periods. If after applying a 

Fig. 1. Experimental metal tools.
A – copper (1, 4, 10) and bronze (2, 3, 5–9, 11) tools: 1–3 – chisels; 4–6 – pointed tools; 7 – spear-shaped chisel; 8 – chisel-like tool; 
9 – battle axe; 10, 11 – hammers. B – tools with wooden handles: 1 – pointed tool; 2 – spear-shaped chisel; 3 – battle axe; 4, 5 – hammers. 
C – iron tools (1, 3, 5, 7 – СТ1 steel; 2, 4, 6, 8 – СТ3 steel; 1, 2, 5, 6 – non-hardened; 3, 4, 7, 8 – hardened in cold water): 1–4 – pointed 

rod-shaped; 5–8 – chisel-shaped.
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minimum number (about fi ve) of impacts, the active 
part became unusable, and the resulting traces did not 
have a pronounced relief, were superficial, and did 
not correspond to the characteristics of the pecked 
indentations typical of the rock art of the region, such 
a tool was recognized as inapplicable for creating 
rock carvings in the pecking technique. The following 
conclusions were made based on the observations of 
pecking with metal tools.

Copper tools wore out very quickly; the active 
edge became deformed from only several impacts. The 
resulting indentations were few and superfi cial; the relief 
of the rock changed only slightly. The fi rst rejuvenations 
with the help of an abrasive made it possible to quickly 
restore the effectiveness of the tools, since copper is a 
relatively soft metal. However, retouching of the working 
edge was required every 2–3 minutes; therefore, copper 
tools can hardly be considered suitable for creating 
petroglyphs in the pecking technique on red Devonian 
sandstone.

Bronze tools with a tin content of 4–5 % and 7–8 % 
respectively demonstrated similar capacities for creating 
rock carvings. On average, without rejuvenation, the 
effective pecking with rods made of such alloys lasted 
from 5 to 7 minutes. In the technique of direct pecking, 
about seven hundred impacts could be made during that 
time, which usually corresponds to the same number of 
marks (Fig. 2, 3, 4). As a result of impacts in the indirect 
technique with detachment of the tool from the processed 
surface, about sixty indentations were made (Fig. 2, 1, 2). 
Thus, using tools made of 4–5 % and 7–8 % tin bronze, 
without any or with only slight rejuvenations, one small 
image covering an area of 10 to 15 cm2 (depending on 
the pecking density and chosen approach) could have 
been created in this technique. Traces obtained during 
experiments have a fairly pronounced relief; dependence 
of shape in the pecked indentations on the morphological 
features of the active part of the tool can be clearly 
observed. The most expressive traces remained after 
impacts with various chisel-shaped and rod-shaped tools 

Fig. 2. Pecking made by experimental tools, using the direct dense pecking technique and indirect technique with 
separation (3D-models).

1, 2 – traces of sparse indirect pecking with chisel made of 5 % tin bronze; 3, 4 – traces of dense direct pecking with chisel made of 5 % 
tin bronze; 5, 6 – traces of sparse indirect pecking with rod made of hardened steel.
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(Fig. 2). The experimentally obtained indentations were 
similar to those of the petroglyphs of the Minusinsk Basin 
(Fig. 3). It was suggested above that weapons might have 
been used as tools for creating petroglyphs (Zotkina 
et al., 2014: 57). However, during experiments, the 
ineffi ciency of the bronze battle axe as a tool for pecking 
was established. Since the wooden handle dampened 
and buffered the momentum of impacts, the marks were 
superfi cial and inexpressive.

Tools of hardened and unhardened low-carbon steel 
were also used during the experiments. Tools made of 
unhardened CT1 steel, just like copper rods, were found 
unsuitable for pecking. Experimental tools made of 
hardened steel CT1 and non-hardened steel CT3 were 

approximately comparable to the bronze tools mentioned 
above in terms of wear resistance and effi ciency. However, 
owing to the greater hardness of the metal, the process of 
their rejuvenation required more effort and time. Traces 
of pecking left by steel and bronze tools also show 
similarities. Specifi c traces were left only by a pointed 
rod made of hardened steel CT3. The active part of the 
tool underwent minimal damage from pecking. Capable 
of leaving relatively expressive deep marks, it could be 
used for quite a long time without rejuvenation (see Fig. 2, 
5, 6). The resulting indentations showed similarities to 
those appearing on the petroglyphs of the Minusinsk 
Basin (see Fig. 3, 3, 4). Rejuvenation of hardened steel 
tools required the greatest energy and time.

Fig. 3. Petroglyphs of the Tagar and Tes period and fragments of the rock surface with distinctive traces of pecking with 
metal tools.

1 – image of a deer in the Scythian-Siberian style (a, b – traceologically signifi cant fragments (3D-models)), Sorok Zubiev, Oglakhty, 
Republic of Khakassia; 2 – image of a Tagar warrior with a battle axe in his hand (a–c – traceologically signifi cant fragments 
(3D-models)), Shalabolinskaya Pisanitsa, Krasnoyarsk Territory; 3 – zoomorphic figure showing the posture of a sudden stop 
(a, b – traceologically signifi cant fragments (3D-models)), Shalabolinskaya Pisanitsa, Krasnoyarsk Territory; 4 – image of a cauldron of 
the Tes period (3D-models with and without texture) (b–c with the traceologically signifi cant fragments), Malaya Boyarskaya Pisanitsa, 

Republic of Khakassia.
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Results of the comparative analysis 
between pecking experimental samples 

and the Tagar and Tes petroglyphs

The most typical signs of using metal tools are even 
contours of indentations and the stably repeating shape of 
traces. It is often close to being round, which indicates the 
use of a non-sharp point as an active part. Less often, this 
shape can be oblong or subtriangular, possibly resulting 
from the use of the main and sharp lateral parts of a chisel 
(Ibid.: 57, fi g. 2). In the course of experiments, the tools that 
showed the greatest effi ciency made it possible to produce 
indentations with features resulting from the use of metal 
tools (see Fig. 2). Moreover, samples of indentations created 

by these tools showed great similarity to indentations on 
late petroglyphs, including those attributed to the Tagar 
and Tes period (see Fig. 3). A comparative analysis makes 
it possible to apply the data obtained experimentally 
to the evidence of rock art and to draw the preliminary 
conclusion that the Tagar and Tes metal tools chosen as 
prototypes for the experimental tools could have been used 
for creating the petroglyphs of that period.

Results of analyzing use-wear traces 
on the experimental tools

The experimental tools were used for producing 76 pecking 
patterns. Examination of the copper and bronze tools 

Fig. 4. Active parts of experimental bronze tools after manufacture (A) and after use (B).
1, 3, 4 – 7–8 % tin bronze; 2 – 4–5 % tin bronze. 1 – chisel; 2 – pointed tool; 3 – spear-shaped chisel; 4 – battle axe.
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revealed specifi c use-wear traces resulting from making 
petroglyphs in the pecking technique (see Fig. 1, 2).

The blades of chisels were distinctively flattened, 
and the microrelief of the rock surface was imprinted on 
the entire surface (Fig. 4). Metal protrusions directed to 
the side and individual groups of parallel scratches from 
tangential impacts were observed (Fig. 4, 1). In the side 
view, thin items became deformed from strong impact.

The points had rounded fl attenings with rock surface 
microrelief and metal protrusions, which were bent 
sideways and backwards (Fig. 4, 2–4). Parallel scratches 
resulting from tangential impacts were visible along the 
edges (Fig. 4, 3).

The striking edges and platforms were fl attened and 
became rounded in the process of indirect pecking (Fig. 4, 
1, 2, 4). Their relief leveled out; delaminations appeared 
from strain hardening. There were imprints of a stone 
percussion tool with uneven microrelief in the location of 
impacts (Fig. 4, 1; 5, 1). Separate scratches along the edges 
are associated with tangential impacts (see Fig. 4, 1).

Thin bronze items were often bent. The deformation 
degree of platforms in copper tools was much greater 
than that of bronze tools (2–7 and 1–2 mm, respectively).

The same traces are observed on the steel experimental 
tools. The points are fl attened; they are imprinted with 
microrelief of the rock surface. The blades are crushed; 
distinctive depressions and protrusions of sandstone 
are observed on them. The striking platforms have 
metal cornices along the edges, linear tangential traces 
of impacts, and imprints of stone percussion tools 
(see Fig. 5, 2, 3).

Discussion

Four items with use-wear traces similar to those identifi ed 
during the experiments have been found in the collection 
of the Martyanov Museum of Local History in Minusinsk. 
Bronze items include a rod-shaped tool rectangular in 
cross-section (MM A9335), a spear-shaped chisel (MM 
A499), and a chisel-shaped tool (MM A9734); the fourth 
item is a pointed tool made of iron (VF681-44) (Fig. 6).

The rod-shaped tool (MM A9335) has a striking part 
with plastic deformation from impacts and flattening 
showing stone tool microrelief (Fig. 6, 1). Scratches from 
tangential impacts are visible along the edges. The tip 

Fig. 5. Active parts of experimental copper and steel tools after manufacture (A) and after use (B).
1 – copper; 2 – non-hardened steel; 3 – hardened steel. 1 – hammer; 2 – pointed tool; 3 – chisel.
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is rounded from impacts at different angles. Distinctive 
fl attening with clear microrelief of the rock surface is 
visible. The tool became bent from multiple impacts.

The spear-shaped chisel (MM A499) (Fig. 6, 2) is a 
socketed tool; its blade is evenly fl attened and clearly 
shows the microrelief of the rock surface over its 
entire area.

The chisel-like item (MM A9734) has a flattened 
striking platform with traces of a stone tool and scratches 
from tangential impacts (Fig. 6, 3). Its blade, bearing the 
imprints of relief of rock surface, is crushed.

Thus, bronze tools for drawing petroglyphs of the 
Tagar culture were identifi ed among the universal tools 
of various forms.

The pointed iron tool (VF681-44) of the Tes stage 
is distinguished by a flattened striking platform with 
metal protrusions along the edges and linear marks from 

tangential impacts (Fig. 6, 4). Although its tip is fl attened, 
imprints of the microrelief of the rock surface, which do 
not expand to the sides, are preserved. Regular linear 
traces indicating rejuvenation of the tool appear on the 
sides.

The iron item is of very simple shape. The 
manufacturing and use of such tools made of metal 
with low carbon content occurred at the initial phase of 
the development of local metallurgy at the transitional 
Tes stage. The steel of the experimental samples was 
similar in carbon content to raw steel, which was 
obtained without special carbonization (Zavyalov, 
Rozanova, Terekhova, 2012: 31). Hardening in cold 
water was the simplest heat treatment technique used in 
Southern Siberia in the Xiongnu-Sarmatian period, as 
evidenced, for example, by locally produced iron fi les 
(Soenov, Konstantinova, 2015: Fig. 8). The tool from 

Fig. 6. Tools with traces of working on a rock surface from the collection of the Martyanov Museum of Local History 
in Minusinsk.

1 – rod-shaped tool (MM A9335); 2 – spear-shaped chisel (MM A499); 3 – chisel-like tool (MM A9734); 4 – pointed tool (VF681-44). 
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the Martyanov Museum of Local History is interesting 
in the presence of a socket that was not used for its 
intended purpose. This is indicated by deformation of 
the striking platform and too small size of the hole. This 
socketed tool can be considered to be an example of 
copying bronze socketed varieties at an early stage of 
technological adaptation to new raw materials.

Unfortunately, there is no information on the context 
of discovering the metal items under discussion. These 
artifacts were surface fi nds; they entered the museum 
in the late 19th century. Nevertheless, the wear on 
these items provides very important information on the 
categories of tools that could have been used for creating 
rock images in the Scythian period.

Earlier experiments, aimed at reproducing pecking 
with stone tools made of pebble raw materials that were 
local to the Minusinsk Basin, showed very high effi ciency 
and wear resistance of such tools. The possibility of 
using knapped pebbles as tools for making petroglyphs 
in the Tagar period cannot be ruled out, since they were 
more effi cient than metal tools, and labor costs for their 
manufacturing in that period were much lower than those 
needed for manufacturing metal tools.

Conclusions

The experiments on reconstructing the technological 
process of creating petroglyphs by pecking has shown 
that rod-shaped and chisel-shaped tools made of 4–5 % 
and 7–8 % tin bronze typical of the 5th–3rd centuries BC, 
associated with the advanced stages of the Tagar 
non-ferrous metallurgy, as well as rod-shaped tools 
made of hardened low-carbon steel, could have been 
used to create the Tagar petroglyphs. Furthermore, a 
comparative study of traces on archaeological originals 
and experimental samples makes it possible to establish 
which petroglyphs were made with tools having the 
features discussed above (see Figs. 4, 5), and which 
metal tools were used to create the rock images (see 
Fig. 6). Thus, a comparative analysis of pecking traces 
on rock surfaces and use-wear traces on metal tools 
makes it possible to apply the experimental data to the 
archaeological evidence under study.

As a result of comprehensive technological study 
of the process and experiments on creating pecking 
with metal tools, a preliminary conclusion as to the 
absence of specialized tools for these tasks in the Tagar 
and Tes period can be drawn. The data obtained on the 
morphological features of the tools and on the nature 
of alloys of which the most effective tools for creating 
rock images in the pecking technique were made will 
be useful for subsequent research on the technological 
aspects of rock art in the Minusinsk Basin and Southern 
Siberia.
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