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ON THE EARLIEST EVIDENCE OF THE MIDDLE DNIPRO AREA
NON-FLINT ROCKS USE

Purpose. To determine the rock composition and origin of raw materials of non-flint stone products found during the study on
the Mira Upper Palaeolithic archaeological site in the Middle Dnipro area.

Methodology. The research on the artefacts was carried out using the mineralogical and petrographic methods. The rocks were
studied in transparent thin sections using a polarized microscope. To verify the accuracy of the petrographic analysis of some
specimens, the XRD and XRF methods were applied. Establishing the provenance of the rocks was performed using comparative
mineralogical and petrographic analysis, for which the specimens of samples from the outcrops were used, as well as geological
survey and literary data.

Findings. To conduct petrographic research, seven specimens of stones with traces of processing, found during archaeological
excavations of the Upper Palaeolithic Mira site, were taken. As a result of the petrographic analysis, it was established that the
stones with traces of processing are represented by the aplitoid two-feldspar granites, altered dolerite, quartz arenite, quartz rock,
amphibolite and actinolitite. All the mentioned rocks are typical for the Middle Dnipro area. The specimens of the granites, dol-
erite, and arenite, by their petrographic features, have analogues among the rocks of the region and, more likely, are of the local
provenance. Most likely, a quartz sample comes from the territory of the Ukrainian Shield. The types of amphibolite and actino-
litite, which are analogues to the studied artefacts by their petrographic and chemical features, do not occur today among the rocks
that form natural outcrops in the Middle Dnipro area. Thus, the specimens of the amphibolite and actinolitite may have both local
and other origin. More accurate determination of the provenance of the amphibolite and actinolitite samples requires further study
involving sample collections from other regions, wherefrom these rocks could have been carried.

Originality. For the first time, the Upper Palaeolithic Mira archaeological site stone artefacts were studied in thin sections and
with the application of XRD and XRF analyses, which made it possible to make more precise findings on their petrographic proper-
ties and origin. The studied samples are of great importance because, today, they are the earliest non-flint stone artefacts from the
Middle Dnipro area to be studied by means of petrography, particularly those made from crystalline rocks of the Ukrainian Shield.

Practical value. The results obtained can be used in performing studies on archaeology and the history of mining, as well as in

popular science works.
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Introduction. The history of the use of rocks in the Mid-
dle Dnipro area dates back many millennia. It is known that
the main type of stone raw material used by man at the very
beginning of history, particularly, in the specified region, was
flint. However, this type of stone raw material is almost ab-
sent here. On the other hand, the Middle Dnipro area has
always been a centre of extraction of other types of stone raw
materials, primarily, crystalline rocks of the Ukrainian
Shield. In the scientific literature, the issue of determining
the time of the beginning of the Middle Dnipro area rocks
use has not yet been raised. Today, the earliest petrographi-
cally proven fact of the use of rocks in this region dates to the
Neolithic Age [1]; however, modern-looking people lived on
the territory of the studied area for a much longer time,
namely from the beginning of the Upper Palacolithic Period,
and could not have been unaware of local stone raw materi-
als. Although, it should be admitted that the basis of their
toolkit at that time consisted of flint products coming from
other territories, including distant ones.
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Archaeological petrography allows us to answer the ques-
tion of when the use of this or that stone raw material began.
The name, mineral composition, microstructural features,
and most importantly, the provenance of the rock can be most
accurately established based on the results of the petrographic
study. Today, petrographic research methods are widely used
in the study on stone artefacts, in particular, in the study on
the Palaeolithic stone industry. There should be noted petro-
archaeological studies, in particular, devoted to the identifica-
tion of rocks and the description of stone artefacts in thin sec-
tions [2, 3], the study on mobility strategies of the Palacolithic
population in connection with the necessity to fill their own
needs with stone raw materials [4], and the determination of
the origin of stone products raw materials supplied from other
regions [5, 6], as well as the features of the use of flint raw ma-
terials [7]. The beginning of petroarchaeological direction de-
velopment in Ukraine is closely linked to the name of V. F. Pe-
trougne, who carried out research into archeological sites ma-
terials of different epochs: from the Stone Age to the Middle
Ages. V. F. Petrougne repeatedly referred to the topic of arche-
ological petrography of the Upper Palaeolithic (Pe-
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trougne, V. F., 1969; Stanko, V. N., Petrougne, V. F., 1998). An
important work by V.F. Petrougne published together with
V. N. Stepanchuk is petrographic research on the Mira Upper
Palaeolithic site near the city of Zaporizhzhia [8]. The impor-
tance of the work is that, unlike most petroarchaeological
studies devoted to the Palaeolithic, much attention was paid to
rocks other than flint. Particularly, V. F. Petrougne considered
the origin of tools made from flint together with other rocks as
one complex.

The open-air site of Mira is located in the very centre of
continental Ukraine, in the middle flow of the Dnipro River,
immediately in its valley (Fig. 1). The site is dated to ca.
32,000—31,000 calibrated years before the present and con-
tains three archaeological layers. Environmentally, during its
functioning at the end of Marine isotope stage 3, associated
with Bryansk or Vitachiv interstadial [9], the site was located
in a low and vast, often flooded river terrace [10, 11]. The sur-
rounding area was rich in various kinds of plant resources, as it
is typical for the shallow and swampy edge zones of large con-
tinental rivers of the temperate belt and was highly attractive
for ungulates during droughts and winters, and, consequently,
for the ancient hunters.

The uppermost layer I of Mira is the richest in various evi-
dence of human activity and contains a big number of lithic
products, bone industry, charcoals, ashes, and faunal remains.
The layer is represented by a well-recognizable, structured
area that contains remains of the oldest Upper Palaeolithic
surface-dwelling construction in Eastern Europe [12], various
pits, and areas of specialized activity. Available archeozoologi-
cal data are indicative comparatively short seasonal late au-
tumn-winter existence. Mira layer I lithic assemblage enumer-
ates ca. 54,000 pieces. The vast majority of them are repre-
sented by flints, besides there is a series of specimens of non-
flint rocks, as well. Layer I industry demonstrates the techno-
logical and morphological features of local Middle and Upper
Palaeolithic. The nearest Middle Palaeolithic analogies are
seen in the materials of local and Crimean sites with bifacial
tools, while the nearest Upper Palaeolithic analogies are seen
in Gorodtsovskaya culture of the Middle Don.

The question of the origin of lithic raw materials used at the
site is important for recognizing the features of the economy
profile and behavioural pattern of people that left the upper-
most layer of Mira. The issue is of special interest because Mira
is localized in the area where flint deposits are unknown. The
Middle Dnipro area is a region, which is very poor in this mate-
rial, so flint was mainly brought here for thousands of years
(Berezanskaya, S.S., Tsvek, Ye.V., Klochko, V.I., Lyash-
ko, S.N., 1994). The only exception could be alluvial deposits
in the Dnipro valley, which are of a primary moraine origin.

Due to the lack of repeatable access to flint raw materials in
the nearest area, the site residents had to look for ways to over-
come its shortage. This manifested itself in many aspects of

Mira Site

Fig. 1. Mira archaeological site location

lithic assemblage, in particular the intense fragmentation and
further splitting of the resulting fragments, the likely use of mi-
croflakes as inserts, in the application of the bipolar method,
in the exploitation of bifaces as situational cores, etc. [12].

For the majority of flint products of Mira, the remote ori-
gin is identified. The series of 300 samples of flint and stone
artefacts were subjected by V.F.Petrougne to analysing by
means of studying immersion samples under a polarising mi-
croscope. The examination had allowed stating that the main
portion of flint artefacts was made on mostly tabular smoky,
greyish smoky, and grey Upper Cretaceous chalcedonoliths of
likely Eastern Carpathian origins, their state of preservation
suggests collecting on fresh primary outcrops. The next groups
of flints, far less significant in number, were defined as Lower
Cenomanian apospiculae chalcedonoliths collected in the
river Prut valley; as Upper Cenomanian spiculae-inoceramic
flints picked up in the river Dniester valley; and as residual-
infiltrated Sarmatian flints and opoka-like rocks from the area
of river Bakshala mouth in the river South Bug valley [8]. The
less fresh state of preservation of the natural surface of these
flints points to the likely redeposited nature of outcrops and
generally to the random nature of these findings.

Thus, the quantitatively predominant series of flints from
the Eastern Carpathian deposits are supplemented by small
series of random flint finds from the flint-bearing areas of river
valleys between the territory of modern Romania and the river
Dnipro. This allows for a presumption of targeted movement
of the UP group in a latitudinal direction from west to east, to
the valley of a large continental river with rich and predictable
biological resources [8].

In V. F. Petrougne’s opinion [8], data on the origin of non-
flint rocks from layer I of Mira correspond to this scenario.
The assemblage contains both local and remote rocks. The
paragenetic association of zeolitized tuffs and effusives points
to the Carpathian origins of some exotic varieties of non-flint
rocks. Sandstone, quartz mylonite-ultramylonite, migmatite
or gneiss, and probably quartz diabase, mentioned in the work,
are of local provenance.

The problem of the research, performed by V. F. Petrougne,
was that the analysis was carried out using an immersion
method without producing thin sections or using other labora-
tory analyses. In view of this, it was decided to re-examine the
materials of the Mira site, namely non-flint stone products,
which are characteristic of the Middle Dnipro area, in order to
clarify the petrographic features and the origin of the stone raw
materials that were used.

Purpose. The main goal of the work is to determine the
rock composition and origin of raw materials of non-flint
stone products found during the study of the Mira Upper Pal-
aeolithic archaeological site in the Middle Dnipro area.

Materials and methods. To conduct petrographic research,
seven specimens of stones with traces of processing, found
during archaeological excavations of the Mira site, were taken
(M1-M7).

From an archaeological point of view, M1 and M2 samples
constitute platy stone pieces with clear signs of splitting in
free-hand or possibly bipolar techniques. Damages from using
it as an anvil are present on the surface of a massive M1 rock
fragment. The specimen itself also seems to have been frag-
mented on an anvil, all its side edges are removed. Platy sam-
ple M4 is similar to the abovementioned, and also demon-
strates features of intentional knapping and shows recurrent
hammerstone damages, as well. M3 is a fragment of a stone
with signs of purposeful fragmentation, and sample M5 is also
most similar to the product of intentional fragmentation.
Sample M6 is likely the product of anthropic modification of
an elongated, barely flattened pebble. Most likely, the pebble
was fragmented on purpose, as evidenced by specific areas of
damage to one of the flat surfaces near the edge of the frag-
mentation. Impact damages were found on the narrowed end
of the original pebble. One of the fragments was used as a
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hammerstone. The edges of some fragments are polished.
Sample M7 is one of the pieces of purposely broken pebble,
whose fragments were found in different parts of the site.
When the pebble was intact, it was probably used as a ham-
merstone and retoucher. Some of its fragments, after fragmen-
tation, were also used as tools for retouching and breaking.

The specimens under study were represented by fragments
of igneous, metamorphic, and sedimentary rocks, except flint.
The transparent thin sections were produced from all the
available specimens and the petrographic research using the
polarizing microscope POLAM R-312 was performed. The
provenance of the rocks was ascertained by comparing them
with the thin sections of similar rocks from natural outcrops,
the materials of geological survey reports and literary data.

Taking into account the variability of the composition and
textural features of the metabasites, a chemical study on the
amphibolite sample (M6) was also conducted to compare it
with similar rocks of different structures of the Ukrainian
Shield. Since the volume of the studied item was small, an
X-ray fluorescence analyser (XRF) was used to study its chem-
ical composition. The analysis was carried out in powder, us-
ing an ElvaX Plus spectrometer of Analytical Research Labo-
ratory of Dnipro University of Technology, by analyst PhD
Geol. Ye.S. Perkov.

To verify the accuracy of the actinolitite (M7) mineral
composition determination, the XRD analysis was performed.
The research was carried out in the Laboratory of Crystal
Chemistry and Structural Analysis of the Institute of Geo-
chemistry, Mineralogy and Ore Formation named after
M. P.Semenenko of the National Academy of Sciences of
Ukraine, by analyst PhD Geol. O.Ye. Hrechanovska. XRD
analysis was carried out using the diffractometer DRON-2 on
copper radiation (CuKa = 1.54178 A). The acquisition was
performed in the interval of angles 4 — 65° 20, with a scan step
of 0.5 deg/s. For the diagnosis of minerals, a standard file cata-
logue of the PDF-2 database of the International Center for
Diffraction Data (ICDD) 2003 was applied using PCPDF-
WIN software. The positions of the diffraction maxima on the
X-ray diffraction pattern were compared with the given refer-
ence values of the minerals of this database.

Results. As a result of the petrographic analysis of the
specimens in thin sections, their raw materials were deter-
mined.

Granite. Two specimens of the studied collection were at-
tributed to granites (M1 and M5). Both were identified as two-
feldspar aplitoid granites. The mineral composition of the
rocks (vol.%) is as follows: plagioclase — 40, microcline — 32,
quartz — 27. The texture of the rocks is characterized by the
irregular shape of all the main rock-forming minerals, which is
why it was identified as allotriomorphic granular (Fig. 2).

The provenance of granites. The veins of similar aplitoid
leucocratic granites are found among migmatites of the Mid-
dle Dnipro area. Particularly, the rocks are exposed in the val-

ley of the river Dnipro from Kremenchuk to Zaporizhzhia.
The vein granites are regarded today as a part of the Paleoar-
chean Dnipropetrovskyi granitoid complex, but earlier they
were considered as a discrete Dniprovskyi complex [13, 14].
Accordingly, these rocks most likely originate from the area of
Dnipro rapids, where the Mira site is located.

Dolerite. Specimen M2 was identified as a quartz-contain-
ing altered dolerite (diabase). The mineral composition of the
rock (vol.%) is as follows: plagioclase — 55, clinopyroxene —
40, ore mineral — 5, micropegmatite (coalescence of feldspar
with quartz) — 1, goethite — 1, hornblende — 1, sericite — 1,
biotite — < 1, chlorite — < 1. The texture of the rock is ophitic.

The plagioclase is represented by prismatic crystals with
twins. Twins were also found in sporadic grains of clinopyrox-
ene. The pyroxene is slightly altered to hornblende. There are
spots of oxidation with a significant admixture of goethite in
the centre of many crystals of pyroxene. Plagioclase is moder-
ately altered to sericite and chlorite. Micropegmatite is repre-
sented by the intergrowths of feldspar and quartz (Fig. 3).

The provenance of dolerite. Dolerites and their altered spe-
cies — diabases are quite common rocks in the territory of the
Ukrainian Shield. The specific feature of the studied rock is the
presence of micropegmatite. The natural outcrops of diabases
that contain coalescences of feldspar with quartz were men-
tioned by I. S. Usenko along the rivers of Mokra Sura and Baza-
vluk (Usenko, I.S., 1952). Also, according to the data provided
by P. H. Verbytskyi (Verbytskyi, P. H., 1952) and the geological
survey report by V. M. Gladkiy (1950—1952), the diabase that
comprises micropegmatite cropped out in an abandoned quar-
ry in the northwest of Chapli village, on the left bank of the
Dnipro River (now residential community Prydniprovskyi of
Dnipro city). According to the description, the mineral compo-
sition of the rock is as follows: plagioclase, pyroxene, micrope-
gmatite (quartz + potassium feldspar), ore mineral; secondary
minerals are sericite, chlorite, biotite, epidote, amphibole, leu-
coxene, carbonate. Thus, the raw material of the analysed sam-
ple may well come from the area of Dnipro rapids.

Arenite (sandstone). In the studied collection, specimen M3
was identified as a fine-grained quartz arenite. 99 vol.% of its
framework is composed of quartz. In addition, among clastic
grains, less than 1 vol.% of chert, occasional grains of feldspars
and individual flakes of muscovite are present. The framework
is represented by the grains of angular to rounded shape (the
degree of roundness increases with the size of the grains). The
size of grains is 0.1—0.8 mm, the great bulk — 0.2—0.3 mm.

There are several types of cement present in the rock,
which differ in mineral composition and the type of cementa-
tion: contact argillaceous cement (thin layers of hydro-mica
scales between the framework grains); porous siliceous cement
(chalcedony cement, coloured with an opaque dispersive sub-
stance that fills individual pores); regeneration quartz cement
(thin rims around clastic grains). The texture of the rock is
fine-grained psammitic (Fig. 4).

Fig. 2. Granite (M1):

Pl — plagioclase; Q7 — quartz; Mc — microcline. Transmitted light,
nicols (+), zoom 47

Fig. 3. Micropegmatite in dolerite (M2):

Pl — plagioclase; Cpx — clinopyroxene; Fsp — feldspar, Qz —
quartz. Transmitted light, nicols (+), zoom 210*

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N2 5 7



Fig. 4. Quartz arenite (M3):
Qz — quartz. Transmitted light, nicols (+), zoom 210*

The provenance of arenite. Similar rocks are widespread in
many regions. The studied specimen is represented by a quartz
arenite with argillaceous and siliceous cement. Such sandstones
in the Middle Dnipro area belong to the Neogene Poltavska se-
ries and are distributed among the sands of the respective series
in the form of lenses and boulders in the left bank and south-
west parts of Dnipropetrovsk Oblast, as well as in the north-east
and central parts of Zaporizhzhia Oblast. The same formations
are typical for the Sarmatian sandstones found in the Lower
Dnipro area, particularly, in the south of Zaporizhzhia Oblast
(Tkachuk, L. G., et al., 1981; Vidergauz, L. M., et al., 1964).

Quartz. Specimen M4 of the studied collection was identi-
fied as a quartz rock. It consists of fine- and medium-grained
crystals of quartz and has a granoblastic texture.

The provenance of quartz. The quartz most likely belongs to
hydrothermal formations that are ubiquitous in the granitoids
of the Ukrainian Shield. The nearest big deposit of quartz is a
vein in the village of Sholokhove, Nikipol Raion of Dniprop-
etrovsk Oblast, in the valley of the Bazavluk River that is men-
tioned in the monograph “Geological Landmarks of Ukraine”
(Kalinin, V.1., Hurskyi, D.S., 2007). Besides, quartz can
originate from pegmatites that are common both in the Middle
Dnipro area and in the Azov Sea area.

Amphibolite. In the studied collection, amphibolite is rep-
resented by specimen M6. Based on the structural features,
the rock was identified as an apodolerite amphibolite. Mineral
composition of the amphibolite (vol.%) is as follows: horn-
blende — 70, plagioclase — 27, ore mineral — 3, epidote — < 1.
The hornblende forms tabular crystals that split at the edges,
often fragmented into small columnar crystals. The pleochro-
ism of the mineral is from greenish yellow to bluish green. The
hornblende contains inclusions of plagioclase. Often crystals
have a sieve-like microstructure, which is characteristic of
apogabbro and apodiabase amphibolites. Plagioclase is repre-
sented by two species. Tabular and prismatic crystals with
twins belong to the first one, and isometric crystals of irregular
shape without twins, which include prismatic crystals of horn-
blende, belong to the second one. Plagioclase with polysyn-
thetic twins is sometimes altered to the aggregate of epidote.
The ore mineral forms grains of irregular and angular shape as
well as dendrites. Most likely, it is represented by magnetite.
The texture of the rock is nematogranoblastic (Fig. 5).

The provenance of amphibolite. In the Middle Dnipro area,
amphibolites are quite common, both among the rocks of
greenstone structures and migmatites, where they form xeno-
liths and make up about 10 vol.% of the volume of rocks of the
most widespread Paleoarchean Aulska series, in some areas up
to 50 vol.% [13, 14]. The amphibolites of xenoliths in granit-
oids petrographically differ from the studied specimen by
sharp margins of hornblende crystals and granulated grano-
blastic texture. The examined specimen is more similar to the
rocks of greenstone formations.

In order to find such varieties, a comparison with the am-
phibolites from the natural exposures of the Middle Dnipro

Fig. 5. Amphibolite (M6):
Pl — plagioclase; Hbl — hornblende; Mag — magnetite. Transmit-
ted light, nicols (-), zoom 47*

area was performed, since in ancient times only rocks located
near the surface could be used. This was done using a collec-
tion of rocks gathered by one of the authors, as well as geo-
logical published works and survey reports of the middle of the
20™ century when great attention was paid to the description
of natural outcrops.

Usenko 1.S., who performed a comparison of the Ukrai-
nian Shield amphibolites that form natural exposures, ascer-
tained that the rocks of different geological structures belong
to several stages of magmatism, whose products differ by their
chemical features. Thus, he divided all the metabasites of the
Ukrainian Shield into two main groups by the total iron, cal-
cium, and magnesium oxides ratio. In the first group, which is
less common, the content of iron is approximately equal to the
amount of magnesium and calcium; in the second group,
which is the most common, the oxides of these elements are
contained in a ratio of nearly 1 : 1: 1 (Usenko, I.S., 1953).

According to the XRF analysis of the amphibolite speci-
men, the following results were obtained: SiO, — 50.86+0.13 %;
Fe,0; —23.99 £ 0.05 %; CaO —9.73 £ 0.06 %; Al,0; — 8.81 £
+0.08 %; TiO — 1.96 £ 0,02 %; Cl — 1.81 £ 0.03 %; MgO —
1.10+0.05 %; Na— 0.8 £0.3 %; BaO — 0.39 £ 0.07 %; MnO —
0.30 £ 0.01 %; P,05 — 0.20 + 0.01 %; K,O — 0.04 + 0.00 %;
S —<0.01 %.

Though the XRF analysis does not allow obtaining sepa-
rate rates for divalent and trivalent iron, the high rate of Fe, 03,
registered in the rock, even converted to FeO (multiplied by
the coefficient of 0.9), surpasses the total content of magne-
sium and calcium.

According to the data provided by I.S. Usenko, metaba-
sites with such chemical characteristics are the metadolerites
(epidiabases) of the river Saksahan, amphibolites of the river
Inhulets, albitised amphibolites of the Mokra Sura River, or-
thoamphibolites of the rivers Hiskyi Tikych and Hnylyi Tikych
(Cherkasy Oblast), amphibolites of the Azov Sea area that ex-
pose along the river Berda in the zone where the river Karatysh
flows into it.

As a result of the direct comparison of chemical analyses,
it was ascertained that the most similar to the studied sample
are amphibolites of the Kryvyi Rih Basin, among which there
exist the species with a high content of iron and minimal per-
cent of magnesium. However, among these rocks, epidiabases
of Saksahan differ from the studied specimen by their blasto-
ophitic texture, and amphibolites of the Inhulets River, despite
some similarities in thin sections, have recrystallized and
granulated plagioclase. Orthoamphibolites of the rivers Hir-
skyi Tikych and Hnylyi Tikych differ from the examined sam-
ple by their texture and pyroxene content. Amphibolites that
expose along the Berda River in the Azov Sea area and have
similar features of chemical composition are chloritized spe-
cies that contain a high rate of magnetite. According to the
data provided by I. S. Usenko, the only rocks from the Mokra
Sura River, namely amphibolites occurring near the village
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Novomykolaivka, are somewhat similar to the studied am-
phibolite specimen by their petrographic features (Usen-
ko, I.S., 1953).

However, as a result of the comparison of the specimen
with the collection of the Middle Dnipro area amphibolites,
including rocks from the village Novomykolaivka, it was ascer-
tained that the most similar were the amphibolites of the mid-
dle stream of the Bazavluk River. Nevertheless, these rocks
also have differences: their hornblende is actinolitized; these
are spotty white and black rocks in contrast to the studied sam-
ple, which is almost black and fine-grained. Moreover, the
main thing is that the rocks have different features of chemical
composition.

Thus, there are amphibolites similar to specimen M6 in
the region where it was found, primarily amphibolites from the
Mokra Sura River. However, we currently do not have any evi-
dence that could entirely prove the local origin of the speci-
men. The analysis is greatly complicated by the fact that the
studied artefact is more than 30,000 years old, since even in
half that time, any natural exposure of rocks can turn into elu-
vium as a result of weathering.

Actinolitite. Specimen M7 was identified as an actino-
litite. The mineral composition of the rock (vol.%) is as fol-
lows: actinolite — 75—80, chlorite — 15—20, plagioclase — 3—35,
sphene — 1, ore mineral — <1, epidote (clinozoisite) — <1,
quartz — singular grains. The texture of the rock is nematolepi-
dogranoblastic, apodoleritic. Actinolite forms tabular and
elongated crystals that split at the edges. It is of a light green
colour and pleochroism. Most likely, actinolite belongs to the
weakly ferruginous variety. It is possible that tremolite is pres-
ent in the composition of the rock, in admixture with actino-
lite. There are grid-like aggregates of actinolite and chlorite,
which can be the pseudomorphs formed as a result of altering
the tabular crystals of pyroxene. Chlorite (clinochlore) is rep-
resented by the aggregates of scaly crystals with anomalous
brownish colours of interference under crossed nicols. Plagio-
clase forms relict prismatic crystals, which in many cases are
altered to chlorite and epidote (Fig. 6). The sphene is found in
the form of irregular-shaped grains, surrounded by margins of
secondary alteration. Quartz is represented by singular grains
of isometric shape.

As a result of the XRD analysis, the following phases were
detected: chlorite — clinochlore, amphibole — actinolite and
plagioclase — albite (Fig. 7).

The provenance of actinolitite. Actinolitites are common
enough rocks in the area of the Ukrainian Shield. They are
also widespread in younger structures where they are formed
as a result of the metamorphism of ultrabasic magma prod-
ucts.

The Middle Dnipro area and the Azov Sea area are the
regions of the highest abundance of ultramafic rocks in the
Ukrainian Shield. Usually, actinolitites form geological bodies
simultaneously with other products of ultramafic rocks altera-

Fig. 6. Actinolitite (M7):

Pl — plagioclase; Act — actinolite; Clc — clinochlore; Ep — epidote.
Transmitted light, nicols (+), zoom 210*

3,52Clc
3,11 Act

2,81Clc

384Ab

Intensity, imp./sec.

T T T T T T T T T T T T T T T T T T T T T T 1
8 12 16 20 24 28 32 36 40 44 48 52

20

Fig. 7. X-ray diffraction pattern of actinolitite (M7):

Act — actinolite; Clc — clinochlore (chlorite); Ab — albite (plagio-
clase)

tion, such as tremolitites, talc, chlorite and amphibole schists,
as well as transitional varieties.

In the area of the artefact find (south of Dnipropetrovsk
Oblast, north of Zaporizhzhia Oblast), outcrops of actino-
litites were recorded in numerous materials of geological sur-
veys led by A.G.Vinogorodskiy (1960), A.V.Tymoshenko
(1962), A.A. Zaitsev (1968), V. F. Kiktenko (1968), M. V. Ku-
shinov (1983), V.V. Sukach (2006). In addition, the petro-
graphic features of exposed actinolitites are described in the
literature.

Today, in the south of Dnipropetrovsk Oblast the most
preserved among occurrences of actinolitites are the dikes of
meta-ultrabasites of the river Bazavluchok. According to the
data of geological survey led by A. G. Vinogorodskiy during the
field research, dikes were met in the vicinity of the place,
where the Bazavluchok River flows into the Bazavluk River.
The content of amphibole in meta-ultrabasites (actinolite or
tremolite) can be up to 95 vol.%. Also, they comprise talc, an-
tigorite, biotite, carbonates, quartz, plagioclase, sphene, pyrite
and magnetite. The texture of both actinolite and tremolite
rocks is nematoblastic. Today, most of the mentioned out-
crops are flooded due to the construction of a reservoir on the
Bazavluchok River. We found only the actinolite vein that was
mentioned in the report and is located in the gully that flows
into the Bazavluchok River on the left side near the village of
Novoivanivka. But the specified rock is represented by coarse-
grained variety with tabular amphibole and almost unchanged
plagioclase, which does not correspond to the studied sample.

Outcrops of actinolitites along the Chortomlyk River were
recorded by I.S. Usenko in the middle of the 20" century. In
their composition, the share of actinolite accounted for more
than 98 vol.%, secondary minerals were carbonates, ilmenite,
intensively altered into titanite, as well as chlorite formed as a
result of actinolite alteration. The texture of the rock is fan-
shaped, porphyroblastic (Usenko, 1.S., 1953). To date, the
outcrops have not been preserved.

According to M. V. Kushinov’s report, which was based on
the drilling data, actinolite rocks are found in the Chortomlyk
greenstone structure in the valley of the Bazavluk River. Min-
eral composition of the rocks (vol. %) is as follows: actinolite —
70, chlorite-plagioclase mass — 30, magnetite, accessory min-
erals: tourmaline, ilmenite, rutile, sphene, leucoxene, garnet,
apatite et al. The texture of the rocks is nematoblastic, ne-
matogranoblastic, and lepidogranoblastic.

According to the survey data by V. F. Kiktenko, meta-ultra-
basites, including actinolitites, were found in the valley of the
Mokra Moskovka River in the Peredatochne granite quarry in
Zaporizhzhia city. The body of ultrabasites is represented by
peridotite, serpentinite, talc-anthophyllite rock, tremolitite,
and actinolitite. Mineral composition of actinolitite is as fol-
lows: actinolite — 97—100 vol. %, biotite, magnetite.
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The nearest occurrence of actinolitite to the place of the
archaeological excavations (15 km to the north) is the body of
ultrabasites that lies close to the surface in the gully of Serednia
Khortytsia on the right bank of the Dnipro River near the city
of Zaporizhzhia. Actinolitites consist of actinolite (85—
98 vol.%), carbonate, biotite, chlorite, epidote and ore min-
eral. The texture of the rocks is nematoblastic.

Except for the Middle Dnipro area, actinolitites are com-
mon in the Azov Sea area. Here, chlorite actinolitites expose
in many meta-ultrabasite occurrences. The main mineral of
the rocks is actinolite, partly altered to tremolite and clino-
chlore. Among ore minerals, magnetite and pyrite are present
(Usenko, I.S., 1953).

As it is clear from the foregoing descriptions, the most akin
to the studied specimen of actinolitite are the rocks of the
Chortomlyk structure described by M. V. Kushinov. Particu-
larly, they contain relict plagioclase altered by chlorite and
partly the same minor minerals. However, these rocks were
found as a result of drilling, and today they do not expose to
the day surface. The rocks of the same structure in outcrops
were earlier described by A.G.Vinogorodskiy. The last de-
scription is very generalized. Today the mentioned outcrops of
the river Bazavluchok are intensively weathered. However, we
have specimens of actinolitite from this area taken from local
archaeological sites. The specimen with similar mineral com-
position has textural differences such as granulated plagioclase
in contrast to the prismatic blades in the specimen under
study. The rest of the actinolitites of the Middle Dnipro and
the Azov Sea areas have more significant petrographic differ-
ences. Therefore, despite the variability of the composition of
such rocks, the outcrops of absolute analogues are not record-
ed. Besides, since the rock is represented by a pebble, the local
origin of the specimen should be considered with caution.

Discussion. Comparing the results obtained in the current
research with the findings of the analyses performed by
V.F. Petrougne [8], we should note that most of the conclu-
sions coincide. Particularly, it concerns the provenance of the
sandstone (M3). The same are the conclusions about the ori-
gin of the dolerite (diabase) (M2), which most likely originates
from the northern part of the Dnipro Rapids area. However,
dolerites with micropegmatite are also common in the valleys
of the Bazavluk and Mokra Sura Rivers. Owing to its wide
prevalence, the provenance of the quartz rock specimen (M4)
can be both local and delivered.

The petrographic analysis allows the authors to correct some
conclusions by V. F. Petrougne, who studied rocks without pro-
ducing thin sections. Concerning granitoids (M1 and MS5),
V.FE. Petrougne provides a description of gneiss or migmatite,
most likely the leucosoma of migmatite represented by biotite
plagiogranite (trondhjemite). As a result of our analysis, it was
ascertained that the specimens are represented by two-feldspar
leucogranites. Nevertheless, granitoids in our opinion, as well as
in the opinion of V. F. Petrougne, have the same provenance.

We made adjustments to the definition of amphibolite
(M6). The amphibolite described by V. F. Petrougne has a het-
eronematoblastic texture, it is composed of prismatic horn-
blende crystals, often with micro-inclusions of magnetite, rare
scales of biotite, as well as single grains of quartz and plagio-
clase. In the thin section observed by us, there was no biotite or
quartz detected, though, the epidote was present. Probably, it
relates to the size of the thin section. V.F. Petrougne ascer-
tained the provenance of the amphibolite as Carpathian,
namely from the area of Chyvchynski Mountains, where the
rocks of the Maramures crystalline massif, located in the terri-
tory of Ukraine and Romania, occur.

It should be noted that the rock described by V. F. Petrougne
is very close by its mineralogical and petrographic features to
the amphibolites of the Chyvchynski Mountains. These rocks
consist of amphibole, plagioclase, quartz, epidote, contain bio-
tite and other secondary and accessory minerals. The texture of
the amphibolites is nematoblastic, granonematoblastic, some-

times in combination with a poiciloblastic. According to
O.1. Matkovskiy, these rocks were formed as a result of the
metamorphism of lenticular bodies or the dikes of basic rocks of
a gabbro-diabase or a diabase type (Matkovskiy, O.1., 1971).

According to our data, sample M6 has both common fea-
tures and differences with the amphibolites typical for the
Chyvchynski Mountains. The common features are the genesis
of rocks as a result of gabbro or diabase alteration (based on the
fine-grained texture, the alteration of dolerite), resulting in sim-
ilarities of texture features. Among common features are also the
high content of hornblende (approx. 70 vol.%), the presence of
two plagioclase types and the epidotization of feldspar.

Among the differences, we should mention chemical fea-
tures, as well as the absence of quartz, biotite, and other sec-
ondary and accessory minerals except for epidote. By its pe-
trographic and chemical features, the studied specimen is
closer to the amphibolites of the Mokra Sura River in the Dni-
pro Rapids area. However, today we do not have evidence that
would allow us to reject other variants of the origin of this rock.
For example, such fine-grained black amphibolites were noted
by V.M. Chirvinskiy among the boulders of the glacial mo-
raine (Chirvinskiy, V.M., 1914). Thus, the studied rock can
originate both from the area of the Ukrainian Shield and from
other regions. By several features, it indeed can be of Carpath-
ian provenance, but, at the same time, because of the abun-
dance of such rocks, this statement cannot be unambiguous.

The studied specimen of actinolitite (M7) was determined
by V.F. Petrougne as of Carpathian origin. In particular, he
suggested that the rock might come from the Rakhiv massif.
However, it should be noted that, according to the literary
data, the characteristic ultrabasites of the Rakhiv massif are
represented by serpentinites (Tkachuk, L. G., Gurzhiy, D. V.,
1957), and among actinolite-containing rocks, only actinolite
schists were mentioned (Matkovskiy, O. 1., 1971). In the East-
ern Carpathians, in the territory of Romania, ultrabasites are
represented by hornblendites that form xenoliths in agmatites
(Oncescu, N., 1960). It is likely that V.F. Petrougne had a col-
lection of rock specimens from the Carpathians, which en-
abled him to draw such a conclusion. In our opinion, ana-
logues of actinolitites similar to the sample under study can be
found in the territory of the Ukrainian Shield; however, be-
cause of the poor exposure of these rocks, and the fact that the
studied sample is a pebble, it cannot be explicitly stated that it
does not originate from another area.

The location of places in the Middle Dnipro area, where
the local stone materials could originate from, including simi-
lar but not identical rocks, is shown in Fig. 8.

Conclusions. As a result of the petrographic study, it was
established that the stones with traces of processing, found
during excavations of the Upper Palaeolithic Mira site, are
represented by the aplitoid two-feldspar granites, altered dol-
erite, quartz arenite, quartz rock, amphibolite and actinolitite.
All the mentioned rocks are typical for the Middle Dnipro
area. The specimens of the granites, dolerite, and arenite, by

9
2,
Il Analogues Zh

[A Similar species

2

e,
%,

cavluchok
Bazaviuy

Fig. 8. Probable places of origin of the studied samples
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their petrographic features, have analogues among the rocks of
the region and, more likely, are of the local provenance. Most
likely, the quartz sample comes from the territory of the Ukrai-
nian Shield. The types of amphibolite and actinolitite, which
are analogous to the studied artefacts by their petrographic
and chemical features, do not occur today among the rocks,
which form natural outcrops in the Middle Dnipro area. Thus,
the specimens of the amphibolite and actinolitite may have
both local and different origins. More accurate determination
of the provenance of the amphibolite and actinolite samples
requires further study involving sample collections from other
regions, wherefrom these rocks could be carried.

The materials of the Mira site are the earliest petrographi-
cally proven evidence of the Middle Dnipro area rocks use,
primarily the crystalline rocks of the Ukrainian Shield. Thus,
today we can state that the beginning of the development of
stone raw materials of this region began in the Upper Palaeoli-
thic by ancient hunters, who, in addition to flint, began to col-
lect and process rocks found in the area of their inhabitation,
hunting grounds, as well as migration routes.
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IIpo HaiinaBHime CBiT4eHHS BUKOPHUCTAHHS
HeKpeM’siHMX Tipchbkux nopia Cepeanboro
IIpunninpos’s
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Mera. BuzHaueHHS MMOPOIHOTO CKIIAMy U TOXOMKEHHS
CUPOBMHU HEKpeM’sIHUX BUPOOIB 3 KAMEHIO, 1110 Oy/Iu 3Ha-
WIeHi Tpy JOCHiIKEHHI BEpXHbOIAIEOITUYHOI apXe0JIoTiu-
Hoi crossHKM Mipa B Cepentbomy I[TpuaHinpos’i.

Metoauka. JJociimkeHHs apTedakTiB OyJio BUKOHAHE 3a
JIONIOMOTOI0 MiHepalioro-rnerporpadiuHoro Merony. Iipcbki
MOPOAM BUBYAIMCS Yy TIPO30pHUX HuTihax i3 3acTocyBaHHIM
noJisipu3aliitHoro Mikpockorty. JlJist mepeBipKy TOYHOCTI Te-
TporpaiyHOrO aHai3y HEeSKUX 3pa3KiB Oy/JIM 3acTOCOBaHi
METOAM PEHTTEHOCTPYKTYPHOTO U PEHTreHOMIyOopeCeHT-
HOTO aHaJli3iB. Bu3HaueHHSI MOXOMXEHHSI TipChbKUX IMOPi
OyJ10 BUKOHAHO i3 3aCTOCYBaHHSIM MOPiBHSJIBHOTO MiHepa-
JIoro-TieTporpadiqHoro aHai3y, s 4oro Oy BUKOPUCTaHi
1LTichy 3pa3KiB i3 MPUPOIHUX BiICJOHEHb, MaTepiaJiv reoJio-
riYHOI 3MOMKMU 1 JIiTepaTypHi 1aHi.

Pesymbratu. 151 BUKOHaHHSI TeTporpacdiyHoro noci-
JIKEHHST OYJI0 B3SITO CiM 3pa3KiB KaMEHiB 3i ciliiaMu 00poOKu,
3HAIEHUX MiJ Yac apXeoJO0riYHUX PO3KOMOK BEPXHBOIANIE0-
JIITUYHOI CTOSIHKU Mipa. ¥ pe3yibTari mpoBeIeHOTro MeTpo-
rpacdiyHOro NOCiMKeHHsI BCTAHOBJIEHO, 1110 KaMiHHSI 3i ciliga-
MM 0OpOOKM TIpeACTaB/ieHe aIUTiTONOAIOHUM JBOIOJILOBOLLI-
MaTOBUM IPaHiTOM, 3MiHEHUM IOJIEPUTOM, KBAPLIOBUM ITiCKO-
BUKOM, KBaplLIOBOIO OPO/I010, aM(piOOIITOM i aKTUHOJIITUTOM.
Yci 3a3HaueHi nopoau xapakrepHi w1 CepenHboro ITpuaHi-
MPOB’sl. 3pa3Ku IPAHiTIiB, TOJIEPUTY ¥ MTICKOBUKY, 3a TIETPOTpa-
(hbiyHMMM 0COOIMBOCTSIMU, MAIOTh AHAJIOTY CEpeJl MOpi perio-
Hy i, HaiiBiporinHile, € Micuesumu. HaiiimoBipHilue, i3 Tepu-
TOpii YKpaiHChKOrO IIMTA MOXOAUTh 3pa30K KBapily. BinMiHu
aM@iOOoJTITiB Ta aKTUHOJITUTIB, 1110 € AHAJIOTIYHUMU CUPOBUHI
JocITimkeHUX apTedakTiB, 3a nerporpadiyHUMU il XiMiYHUMK
0CODJIMBOCTSIMU, CepeJl TIOPil, 1110 YTBOPIOIOTh NMPUPOJIHI Bill-
cnoHeHHs1 y CepenHboMy [IpuaHinpoB’i, Ha CbOrONHI HE Mpo-
sBJIeHi. TakuM 4MHOM, 3pa3Ku am@ibOIiTy Ta aKTUHOJITUTY
MOXYTb MaTH SIK MiCIIeBe, TaK i iHIIIe MOXOMKeHHs. [IJ1s1 OibIn
TOYHOTO BU3HAYCHHSI IIOXOMKEHHST 3pa3KiB aMiOomiTy Ta aK-
TUHOJITUTY HEOOXiHE MPOBEACHHS T0AATKOBOTO AOCTiIKEH -
HS i3 3aJIy4eHHSIM KOJIeKIIii 3pa3KiB 3 iHIIMX PETiOHIB, 3BIAKU
11i TOPOJY MOTJIM OYTU MPUBE3EHi.

Haykosa HoBM3HA. Ymepiie Kam’siHi apTeakTh 3 BepX-
HbOMAJICOJITUYHOI CTOSTHKM Mipa OyJiv JoCIiaKeHi y 1utidax
Ta i3 32CTOCYBAaHHSIM PEHTT€HOCTPYKTYPHOTO 1 peHTTeHOMITy-
OPECLIEHTHOTO aHaJIi3iB, 1110 JO3BOJIMJIO OTPUMATH OLIbII TOY-
Hy iH(dOopMalliro 010 iX meTporpadivHIX 0COOIMBOCTEH i TTO-
XomkeHHs. JocmimxyBaHi 3pa3ku MalOTh BeJIUKE 3HAYEHHS,
OCKIJIbKM Ha CHOTO/IHI BOHM € HAIaBHIIIMMU HEKPEM THUMU
kam’ssHumMu aptedaktamu 3 CepenHboro IlpuaHinpos’s, 30-
Kpema, 3po0JIeHMMM 3 KPUCTAJiYHUX Mopia YKpaiHCbKOTO
1IMTa, 110 OYJIM JOCIiIXKEHi 3a JT0MOMOroo rnerporpadii.

IIpakTinyna 3HaumMicTe. OTpUMaHi pe3yabTaTu MOXYTh
OyTU BUKOPUCTaHi MpY BUKOHAHHI JOC/iIKEHb 3 apXeOoJIoTii
Ta icTOpii ripHUIITBA, @ TAKOX MPU HANMCaHHI HAyKOBO-TO-
MyJISPHUX Tpallb.

Kimouosi cioBa: xam’ani apmegpaxmu, apxeonociuna ne-
mpoepaghis, pauniii éepxuiti naseonim, Mipa, Ykpaina
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