GEOLOGIJA. 2006. Vol. 56. P. 13-26
© Lietuvos moksly akademija, 2006

© Lietuvos moksly akademijos leidykla, 2006

© Vilniaus universitetas, 2006

Geochemija * Geochemistry * Ieoxumus

Siliceous rocks as a raw material of prehistoric
artefacts in Lithuania

Valentinas Baltriinas,
Bronislavas Karmaza,
Dainius Kulbickas,

Tomas Ostrauskas

Baltriinas V., Karmaza B., Kulbickas T., Ostrauskas T. Siliceous rocks as a raw material
of prehistoric artefacts in Lithuania. Geologija. Vilnius. 2006. No. 56. P. 13-26. ISSN
1392-110X

The goal of the project and all the work was to establish the distribution, composition,
origin and possible directions of transportation of prehistoric siliceous (flint) artefacts in
Lithuania. Siliceous concretions and nodules from outcrops and quarries, artefacts from
well-investigated Stone Age ancient settlements (Margionys, Kretuonas, Jara, Birzulis, etc.)
stored at the funds of Lithuanian museums were surveyed and petrographically described.
For revealing the distinctions in the composition of siliceous rocks and distribution of
major and trace elements, the samples were analysed by Direct Current Arc Emission
Spectrophotometry. The data processing by statistical methods (correlation and cluster
analysis) allowed a conclusion that siliceous artefacts could belong to three genetic types
of raw material. The artefacts of Margionys ancient settlement can be identified as made
of local flint concretions. However, the raw material of Birzulis artefacts is presumably of
two types: flint concretions imported from the south and the local stratified flint (silicified
gaize). The raw material of Kretuonas and Jara artefacts is also of two genetic types:
imported Upper Cretaceous flint from the south south east and the relatively local Upper
Devonian siliceous rocks.
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INTRODUCTION

concentric structure) and Devonian siliceous nodules (si-
licified rounded rock concretions) are sized 2-30 and

Siliceous rocks are sedimentary rocks of chemical and
biochemical origin, which are mostly composed of opal
and chalcedony or, in rarer cases, by quartz (tripoli, dia-
tomite, gaize, flint, jasper and others). Articles made of
solid, shelly and razor-edge siliceous rocks usually refer-
red to as “flint” (hardness according to Moso scale 6.5—
7) abound among archaeological artefacts. The first Li-
thuanian postglacial (Late Palaeolite) inhabitants used flint
for the production of arrowheads, knives, burins, scra-
pers, borers, axes, etc. The natural bedding form of si-
liceous rocks varies. Cretaceous flint concretions (with a

even 70 cm. The Upper Cretaceous gaize and thin inter-
layers (lenses) of its silicified varieties lying in the car-
bonaceous rock mass are known in Lithuania. Siliceous
rocks were scattered over a large territory by advancing
glaciers in south-western, southern and south-eastern di-
rections. It was found that the network of finding sites of
Palaceolithic and Mesolithic flint artefacts almost coinci-
ded with the distribution of flint concretions in the Up-
per Cretaceous carbonaceous sediments (Skuodiené, Ka-
tinas, 1981). This was a shrewd observation, yet no spe-
cial geological research was undertaken.
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Based on trace element Direct Current Arc Emission
Spectrophotometric analysis, the studied sites and ar-
chaeological monuments of South Lithuania were hie-
rarchically classified (Karmaza, Juodagalvis, Ostrauskas,
2001).

A preliminary survey of flint artefacts in the Lithu-
anian National Museum showed that a rather wide spec-
trum of rocks with similar properties is referred to as
“flint”. Their colour (blackish, bluish, grey, white, and
brown) and natural contacts with other kinds of rocks
show that rocks of different age and genesis are often
classified into one group of “flint”. According to the
available data of visual observations, the artefacts unco-
vered in the Zemaigiai Upland (e.g., in the Daktarigkes,
Pabirzulis, Dreniai, Sernelé and other settlements) are
made of the local raw material (white silicified gaize)
which is not found in other localities (Baltriinas, Kar-
maza, Kulbickas, Pukelyté, 2004).

The issues of the use of siliceous rocks as a raw
material are relevant in many countries. E. Kalechits
(Kaneunn, 1984) has studied the use of resources of
siliceous rocks in prehistoric times and their distribution
in the territory of Belarus. A. Makhnach and L. Gulis
(Maxnau, I'ymuc, 1993a, b, ¢; Maxnau, ['ynmuc u np.,
2004) have carried out particular investigations of De-
vonian and Cretaceous flint concretions. V. Petrun et al.
(ITerpyns, 1971; bpysiko, Bunetiko, Canoxuukos, 2005)
have thoroughly studied flint artefacts in Ukraine. He
managed to distinguish two types of flint (from the Prut
and Dnestr basins) spread in the territory of Ukraine.

Sixteen finding sites of flint artefacts were identified
in the Upper Volga Valdaj Uplands (CemuBanoBa, 1984;
Cunnnbiaa, 2005). V. Galibin and V. Timofejev carried
out a comparative analysis of archaeological flint arte-
facts found in the East Baltic (St. Petersburg Region,
Estonia and Lithuania) Stone Age settlements (I'amm0uH,
Tumodeen, 1993). The geochemical properties of flint
artefacts and the sources of raw material are also inves-
tigated in the north-eastern European part of Russia (the
Republic of Komi) (MaiiopoBa, Bomoxurun, 2005).

The issue of using siliceous rocks in the prehistoric
times is also relevant in other neighbouring countries.
M. Kaczanowska (1986), B. Balcer (1988) and others
described the main centres of flint industry and direc-
tions of flint artefact distribution in Poland. M. Kobu-
siewiez (1997) investigated the spread of raw material
of flint artefacts in Poland. J. Kozlowski et al. (1981)
carried out mineralogical and geochemical investigations
of siliceous rocks. Similar research has been carried out
in other European countries: J. Konda (1986), E. Bac-
skay (1984), K. Bir6 (1997) in Hungary, J. Hoika (1986)
and A. Binsteiner (2004) in Germany and C. Becker
(1951) and L. Nielsen (1997) in Denmark. Flints are
also investigated in Czech, Bulgaria, Slovakia and other
countries (http://www.flintsource.net).

Archaeologists of Lithuania have identified three pre-
historic complexes of flint mining and manufactories in
EZerynai (Alytus District) (Jablonskyté-Rimantiené, 1966;

Rimantiené, 1984), Margionys village and Lake Titnas
environs (Varéna District) (Ostrauskas, 2000; Satavitius,
2002). There are assumptions about a possible different
origin of flint and its use in different times, yet exhaus-
tive investigations are lacking. Therefore, the combina-
tion of geological (sedimentological) research results with
archaeological data would be of service in solving re-
gional archaeological questions and evaluating the cha-
racter of economic, social and cultural processes in the
Stone Age in particular.

The main aim of this publication was to determine
the spread, composition and genesis of the raw material
of prehistoric flint artefacts and the possible directions
of its transportation in Lithuania.

The main tasks were:

- to evaluate the dependence of the spread of flint
artefacts uncovered in Stone Age settlements on natural
bedding areas of siliceous rocks (flint concretions, sili-
cified gaize layers, etc.) in the region;

- to use the chemical composition of flint artefacts
for identifying the raw materials and their natural sour-
ces in situ.

Twelve objects were chosen for the present study,
including the archaeologically well-investigated ancient
settlements of West, South and East Lithuania and na-
tural sources of some siliceous rocks (Fig. 1).

METHODS

The study was accomplished in a few stages: 1 — fami-
liarization with the archival and literary material on the
spread, composition and genesis of siliceous rocks in
Lithuania and neighbouring countries and its systemati-
zation; 2 — analysis of characteristic flint artefacts of
the Stone Age stored at the Lithuanian museums and
their statistical evaluation and sampling for laboratory
examination (Fig. 2); 3 — field works in the Lithuanian
regions known for flint artefacts and sampling for labo-
ratory examination; 4 — laboratory work and statistical
and graphical generalization of obtained data.

Direct Current Arc Emission Spectrophotometric ana-
lysis was used for determining the distribution of some
macro- and microelements in flint varieties (flint conc-
retions, siliceous nodules, stratified gaize) and in archa-
eological flint artefacts for highlighting the differences.
Point sampling was applied; for some archaeological
artefacts, samples were taken at the limit of minimal
content. A DFS-13 spectrograph from a laboratory of
the Institute of Geology and Geography was used for
examination of samples. The spectrum lines were deci-
phered by a DM-100 microdensitometer. The internatio-
nal standard samples were used for control of spectral
analysis results. Twenty eight chemical elements were
determined (Ag, Al, B, Ba, Ca, Co, Cr, Cu, Fe, Ga, La,
Li, Mg, Mn, Mo, Nb, Ni, P, Pb, Sc, Sn, Sr, Ti, V, Y,
Yb, Zn, and Zr). The measuring units were mg/kg for
most of them or percentage for Al, Ca, Fe and Mg.
The limit of tracing chemical elements in rocks
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Fig. 1. Investigation sites of silicites and their artefacts.

I — geomorphological regions according to the Atlas of the Lithuanian SSR (1981): Baltic Depression (A), Zemaitiai-Kursas
(B), Baltija Plain (C), marginal morainic uplands of the last glaciation (D), glaciofluvial plains of the last glaciation (E),
uplands of the penultimate glaciation (F); 2 — the spread boundary of Devonian deposits in the Lithuanian sub-Quaternary
surface (Lietuvos geologija, 1994); 3 — the spread boundary of Cretaceous deposits in Lithuania (Lietuvos geologija, 1994);
4 — outcrops of Cretaceous carbonaceous flint deposits; 5 — investigation sites of siliceous concretions, nodules and archae-
ological artefacts: / — Kalniskiai, 2 — Dreniai, 3 — former isthmus of Birzulis Lake, 4 — Oznugariai, 5 — Stkainiai, 6 —
Jonikai¢iai, 7 — Margionys, 8 — Kretuonas, 9 — Jara, /0 — Sviliai, // — Nemunélio Radviliskis, /2 — Grodno (Grandichi) chalk
quarry (Belarus)

1 pav. Silicity ir ju dirbiniy tyrimo vietos.

1 — geomorfologinés sritys pagal Lietuvos TSR atlasa (1981): Baltijos duburio (A), Zemaiiuy-Kurdo (B), Pabaltijo Zemumos
(C), paskutiniojo apledéjimo pakrasStiniy moreniniy aukstumy (D), paskutiniojo apledéjimo fliuvioglacialiniy lygumy (E), pries-
paskutiniojo apled¢jimo auk$tumy (F); 2 — devono sistemos nuoguly paplitimo riba Lietuvos pokvarteriniame pavirSiuje (Lie-
tuvos geologija, 1994); 3 — kreidos sistemos nuoguly paplitimo riba Lietuvoje (Lietuvos geologija, 1994); 4 — kreidos sistemos
karbonatiniy titnagingy nuoguly iSeigos; 5 — silicitiniy konkrecijy, gniutuly ir archeologiniy dirbiniy tyrimo vietos: I —
Kalniskiai, 2 — Dreniai, 3 — Birzulio eZero buvusi sasmauka, 4 — OZnugariai, 5 — Sikainiai, 6 — Jonikaigiai, 7 — Margionys,
8 — Kretuonas, 9 — Jara, /0 — Sviliai, // — Nemunélio Radviliskis, /2 — Grodno (Grandi¢i) kreidos karjeras (Baltarusija)
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Fig. 2. Artefacts of siliceous rocks from ancient settlements
(A — Kabeliai, B — Duonkalnis, C — Kretuonas). Photo of the
artefact from Kretuonas by Gytis Pili¢iauskas

2 pav. Senovés gyvenvieiy (4 — Kabeliy, B — Duonkalnio,
C — Kretuono) dirbiniai i§ silicitiniy uolieny. Kretuono dirbi-
nio nuotraukos autorius Gytis Pili¢iauskas

(percentage) was Al — 0.3, Ca — 0.05, Fe — 0.1, Mg —
0.01. The limit of identifying trace elements (mg/kg)
was Ag — 0.03, B—- 5, Ba—- 30, Co—- 1, Cr — 2, Cu-
2, Ga—-1, La—-3, Li— 10, Mn — 10, Mo — 0.5, Nb—
3, Ni —2,P-300, Pb-3,Sc—1, Sn — 1, Ti — 10,
V-1,Y-0.3, Yb - 0.3, and Zn — 10. Only traces
of some chemical elements were detected (Ba, La, Sc,
Y, Yb). The content of other chemical elements was at
the tracing limit (Al, Co, Ga, Mo, Nb, Pb, Sn, Sr, Zn,
and Zr). Thirteen elements found in all samples (Ag, B,
Ca, Cr, Cu, Fe, Li, Mg, Mn, Ni, P, Ti, V) were chosen
for a more detailed geochemical analysis. The statistical
parameters of element distribution were calculated using
Excel program. Their interrelations (correlation coeffi-
cients) and associations (clusters) were determined by
the method of cluster analysis (Statistika program Ward’s
method). The average concentration values of compara-
tively poorly variable chemical elements were used for
statistical generalization. The correspondence of their di-
stribution pattern to the normal and lognormal pattern
was checked. Three samples with anomalous values of
some elements from Siikainiai and Dreniai ancient set-
tlements were eliminated from some calculations. The

anomalous values of some elements were up to 12 times
as large by their average contents (Ca — 1256%, Mg —
1121%, P — 407%, Mn — 449%, Ti — 181%).

GEOLOGICAL SETTINGS OF THE STUDY
OBJECTS

The distribution of the objects studied depended on the
available information about the ancient settlements and
abundance of archaeological material, peculiarities of
geomorphological domains and regions and the geologi-
cal structure of sub-Quaternary surface and Quaternary
sediments (Lietuvos TSR atlasas, 1981; Lietuvos geolo-
gija, 1994; Lietuvos Zemeés gelmiy..., 2004; Guobyté,
2001) (Fig. 1).

BirZulis area. It is situated in the Middle Zemaiciai
Upland and includes the strand of Lake Birzulis, Dre-
niai, Kalniskiai and OZnugariai archaeological settlements
whose flint artefacts were geochemically analysed. The
area also includes Siikainiai and Jonikai¢iai localities
from which samples of gaize and its silicified varieties
were taken. The sub-Quaternary surface is lying at a
depth of 150-314 m. Terrigenous Upper Jurassic and
Lower Cretaceous sediments (sand, silt and clay) predo-
minate. The present northern boundary of the spread
area of Upper Cretaceous carbonaceous sediments (chalk
and chalk marl) runs south of Lake Birzulis (Lietuvos
geologija, 1994; Lietuvos Zemés gelmiy..., 2004). At
the time of the first glaciation, this boundary might ha-
ve been north of the study area. This is proved by rare
glacial erosion relicts of these sediments further north.
The Upper Cretaceous Campanian rocks (chalk and marl
with gaize patches and interlayers) 10-15 km north of
Lake Birzulis represent one of such “islands”. Advan-
cing glaciers eroded these sediments, reworking gaize
and its silicified varieties (whitish flint).

Jara area. It is situated in the West Aukstaiciai Pla-
teau, on the right bank of the Jara rivulet, about 4 km
north-west of Svédasai, near the Visétiskes village. It is
a plain formed by a glacier lobe and later covered by
glaciolacustrine, glaciofluvial and alluvial sediments. The
complex of Quaternary sediments is mainly composed
of till wedging in the south-eastern direction (toward
the Jara valley). The sub-Quaternary surface lying at a
depth of 10-25 m is composed of the Upper Devonian
sediments of the Sventoji Formation (sand, sandstone,
aleurolite, aleurite, and clay). The Upper Neogenic sand
is sporadically spread further south. Sediments of the
Jara, Suosa and Kupiskis formations (dolomite, marl,
clay, sandstone, and aleurite) are spread further north
and north-west of the locality. The dolomite complex of
Istras Formation with solid silicate nodules dispersed by
advancing northern glaciers over the area is found even
further north.

Lake Kretuonas area. It is situated in the glaciola-
custrine “bay” of the glaciofluvial North-Eastern Plain
in the eastern periphery of Lithuania. The sandy surface
of the area is extending at a height of 160 m above the
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present sea level. The environs of Lake Kretuonas used
to be in the glacier divide zone between the eastern
(Dysna) lobe of the glacier and its northern tongue. The
glacier lobe advancing from the north-east (the northern
part of Belarus) transported till material with the local
Devonian rock fragments. The Upper Devonian flint
concretions and other kinds of siliceous rocks occur
among them. The sub-Quaternary surface, seamed with
paleoincisions lying at a depth of 100-160 m, is com-
posed of Devonian domerite, clay, dolomite and gyp-
sum of Ledai Formation, and aleurolite, clay and sand-
stone of Kernavé Formation.

Margionys area. It is in the southern periphery of
Lithuania in the sandy South-Eastern (Dainava) Plain,
which is the spread area of glaciofluvial sediments (Bal-
triinas, 2001). The Margionys sandur left by the last gla-
ciation is composed of badly sorted gravel with coarse
pebble and scanty boulders up to 0.6 m in diameter. It
contains many flint concretions and debris. Flint frag-
ments also abound on the surface. According to the data
of Margionys borehole 357, the thickness of Quaternary
sediments in this locality reaches 183.5 m. The thickness
is smaller (120-100 m) east and west of the locality.
This sediment complex is overlying the Campanian car-
bonaceous rocks (chalk, chalk marl, etc.) of the Upper
Cretaceous. It is composed of till layers left by the Mid-
dle Pleistocene glaciations and interstratified interglacial
lacustrine sediments of Buténai (Holsteinian) Formation.
The in situ carbonaceous Cretaceous sediments are expo-
sed only further south of Margionys (Grodno District of
Belarus). The flint concretions lying close to the surface
or exposed are related with the large blocks (up to se-
veral million m?®) of Cretaceous carbonaceous rocks car-
ried by glaciers or with their erosion sites (residua). These
blocks of old rocks and their relicts are characteristic of
South Lithuania (Baltriinas, 1995, 2002).

Other objects. These are objects not directly related
with archaeological finds, but analysis of siliceous con-
tained in them is of comparative value. The outcrop of
the Upper Devonian layers of [stras Formation in North
Lithuania, on the left bank of the Nemunélis near Ne-
munélio Radviliskis Township, is one of these objects.
This outcrop and the Muoriskés outcrop not far away
are known as a finding site of siliceous nodules in do-
lomite layers (Bomsuuckac, 1966). Siliceous nodules up
to 20-30 cm in diameter occur in the dolomite powder
interlayers which are a product of the washout of the
former gypsiferous dolomite in North Lithuania.

An irregular flint concretion 15 cm in diameter was
found among field boulders not far from Sviliai village
10 km north-north-east of Vabalninkas Township in North
Lithuania. It was geologically examined. The internal
section of this concretion has a concentric structure.
The internal (grey) part is enveloped by a thin white
stripe and the latter by an external pink stripe. Similar
flint concretions are found in the outcrops and quarries
of Devonian sediments in the central and eastern parts
of Latvia and in the northern part of Belarus (I'paBuruc,

1963; Copoxun, 1963; Maxnay, ['ymuc, 1993a; Maxnau,
I'ymuc u ap., 2004).

One of the Upper Cretaceous flint concretions 10—
15 cm in diameter from the Grodno (Grandichi) chalk
quarry (Belarus) south of Lithuania was taken for com-
parison. The Neolithic and Bronze Age flint mines are
known in the western part of Grodno Region. Flint arte-
facts might have been transported from this locality to
the neighbouring countries (Apxeanoris..., 1993; Qua-
ternary..., 1997).

DATA OF GEOCHEMICAL STUDIES

Geochemical properties of silicite concretions and
nodules

Generalization of geochemical data of archaeological flint
artefacts was based on a preliminary analysis of chemical
element distribution patterns in flint concretions and sili-
ceous nodules. Rock fragments where one kind of silice-
ous rocks merge into rocks of another kind were also
analysed. Concretions of diagenetic flint composed of
amorphous SiO, (0.53-6.44%) and crystalline (83.6-91.8)
quartz abound in the Cretaceous carbonaceous rocks of
Lithuania (RadzeviCius, 2004). Based on the analysis of
these trace elements, it was expected to differentiate the
stratigraphic genetic diversity of siliceous rocks. The flint
concretions found in the Grodno (Grandichi) chalk quar-
ry (Belarus) are characterized by a very irregular form.
Their size ranges between a few cm to 1 m (Fig. 3).
Belarusian researchers studied the petrographic, mineralo-
gical and geochemical composition of these concretions
(Maxnau, I'yue, 1993 a, b, and c¢) which are also pre-
dominated by SiO, (95.4% on the average) and contain
small concentrations of Al,O, (1.6%), Fe,0, (0.6%) and
CaO (0.6%) (Maxuau, I'ymuc, 1993b). We conclude that
the determined concentrations of oxides and some trace
elements (Ni, Cu, Ti, Mn, Ba, Zr, B, and Y) in different
spots of concretions are comparable and hardly depend
on formation of patina and recrystallization processes.

Five samples of a blackish flint concretion from the
Grodno quarry were taken for spectral analysis (Table 1).
The samples strongly differ in B, Cu, Mg, Mn, Ti, and V
concentrations. The correlation coefficients of the five ele-
ments showed a strong positive correlation of most of the
elements except B, Mn, P, and partly Li. The strongest
links are characteristic of Cu, Ca, V, Mg, Fe, and Ag.

Samples for the same analysis were taken from one
flint concretion found in the ancient Margionys settle-
ment complex, manufactories and flint quarries. A white
patina (weathering film), flint with patina and blackish
and grey flint from the inner part of the concretion
were analysed separately. The samples with patina dif-
fer from the flint of the inner part by smaller concen-
trations of Cr, Fe, Li, Mn, P, and V.

Three samples from the Devonian flint concretion
with a concentric structure found in the environs of
Sviliai were analysed for comparison. The external pin-
kish (up to 15 mm in thickness), intermediate white (up
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Fig. 3. Siliceous nodules of the Upper Devonian Istras For-
mation from the Nemunélio Radviliskis outcrop (4) and Up-
per Cretaceous flint concretions from the Grodno (Grandichi)
quarry (B, exhibits from the Geological Museum of the Ins-
titute of Geology and Geography)

3 pav. VirSutinio devono Istro svitos silicity gniutulai i§ Ne-
munélio Radviliskio atodangos (4) ir virSutinés kreidos titna-
go konkrecijos i§ Gardino karjero (B, pavyzdziai i§ Geologi-
jos ir geografijos instituto muziejaus)

to 7 mm) and the largest internal (grey) parts were
examined. The internal part stands out for smaller con-
centrations of B, Ca, Fe, Mg, Mn, Ni, Ti, and V.

An archaeological flake from the Kalniskiai ancient
settlement marked by blending from light grey gaize to
brownish grey flint was examined. The pure flint con-
tains smaller concentrations of Ca, Cr, Cu, Fe, Li, P,
and Ti than flint with gaize and pure gaize.

A nodule of Devonian siliceous from the Nemunélio
Radviliskis outcrop was tested in three samples. It was
determined that the cementing light grey part (including
the external patina) slightly differs from the internal stri-
ped part (dark brown flint) by higher concentrations of
Ca, Mg, Mn, Ti, and V and slightly smaller concentra-
tions of Ag, B, P, Li (Fig. 4).

The obtained data show that differences among se-
parate parts of concretions and nodules in concentra-
tions of chemical elements are rather pronounced. The-
se differences of geochemical composition became es-
pecially evident after cluster analysis of the obtained
data (see below).

Distribution patterns of the chemical composition of
siliceous artefacts from ancient settlements

The composition of macro- and trace elements in sili-
ceous concretions and nodules is assumed to reflect the
composition of the “insoluble residue” of the primary
carbonaceous silt (allothigenous and authigenous part).

Fig. 4. Siliceous nodules of the Upper Devonian Istras For-
mation from the polished section of the Radviliskio Nemuné-
lis outcrop. A4 — irregular concretion of dark brown flint; B —
light grey mass of chalcedone and quartz grains (0.01-0.1
mm) cementing a banded and spotted siliceous nodule

4 pav. VirSutinio devono [stro svitos silicito gniutuly i§ Ne-
munélio Radviliskio atodangos poliruotos nuopjovos. 4 — tam-
siai rudo titnago netaisyklingos formos sutankéjimas; B — juos-
tuoto ir déméto silicito gniutula cementuojanti $viesiai pilka
chalcedono ir kvarco grideliy (0,01-0,1 mm) masé

The latter is a reflection of sedimentation conditions
(salinity of the basin, composition of specified silt, etc.).
The average concentrations of chemical elements for
different objects were calculated taking into considera-
tion the high geochemical resemblance of siliceous rocks
and the variation of geochemical composition in their
concretions and nodules

Sixteen groups of samples, which are relatively ho-
mogeneous in their genesis, composition and visual de-
scription, were analysed. The archaeological artefacts
from each of the ancient settlements (e.g., Kretuonas,
Dreniai and Kalniskés) were additionally classified into
a few groups. For example, the Kalniskiai and Jara flints
and Nemunélio Radviliskis siliceous rocks stand out for
elevated concentrations of Ag, Grodno and Margionys
flints for higher concentrations of B, Jonikaiciai, Siikai-
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Table 1. Distribution of chemical element composition in flint concretions, siliceous nodules and archaeological artefacts.

% for Ca, Fe, Mg and mg/kg for other trace elements

1 lentelé. Atskiry titnago konkrecijy, silicito gniutuly ir archeologiniy dirbiniy cheminiy elementy sudéties pasiskirstymas

Ca, Fe, Mg nustatyti %, kiti mikroelementai — mg/kg)
g 2

Locality Rock Note Nr. Ag | B | Ca |[Cr |Cu | Fe|Li Mg | Mn | Ni P |Ti|V
Grodno Concretion Unpatina 1 0.040 84 0.03 14 3.6 0.07 5 0.014 20 9 500 70 1.2
of black flint

Grodno Unpatina 2 0.045 84 0.06 13 58 0.10 8 0.033 200 9 560 120 2.3
Grodno With thin

patina 3 0.080 105 0.12 19 9.0 020 9 0.090 60 12 560 120 4.0
Grodno 0.064 125 0.07 17 6.0 0.12 5 0.027 30 14 400 120 2.0
Grodno 5 0.040 110 0.03 10 3.9 0.07 5 0.013 20 7 500 55 1.0

Average 0.054 102 0.06 15 5.7 011 6 0.035 66 10 504 97 2.1
Margionys  Concretion White patina 1 0.036 98 0.06 8 4.0 0.07 8 0.014 40 8 850 56 1.6
Margionys flint Grey flint 2 0043 94 0.05 20 4.8 0.07 12 0.013 130 11 600 40 2.3
Margionys Black flint 3 0470 100 0.07 36 7.6 0.30 10 0.016 190 25 1200 56 2.4
Margionys Flint with

patina 4 0.066 84 004 10 52 0.07 9 0.011 70 11 850 33 1.8

Average 0.154 94 0.06 19 5.4 0.13 10 0.014 108 14 875 46 2.0
Sviliai Concretion  flint External

pinkish part 1 0.090 8 0.09 6 11.5 023 5 0.038 45 16 400 210 3.3
Sviliai Intermediate

white part 2 0.064 36 0.03 12 4.8 0.07 5 0.018 20 5 400 40 1.0
Sviliai Largest

internal grey

part 3 0.060 66 0.10 35 5.0 021 7 0.062 50 10 500 330 5.0

Average 0.071 63 0.07 18 7.1 0.17 6 0.039 38 10 433 193 3.1
Kalniskiai  Flake of rock Flint wiht

and artefact gaize 1 0.040 58 0.06 11 3.0 0.12 8 0.019 40 7 800 90 2.5

Kalniskiai Flint 2  0.030 37 0.03 1.6 0.07 5 0.017 20 3 500 80 1.6
Kalniskiai Gaize 3 0060 58 006 8 24 0.12 10 0.02 20 3 800 88 2.0

Average 0.043 51 0.05 23 010 8 0.019 27 4 700 86 2.0
Nemunélio Wiht internal
Radviliskis Siliceous striped part 1 0250 23 1.2 29 11.0 0.22 49 1.2 155 22 500 10529.0
Nemunélio nodule
Radviliskis 2 0100 19 2.7 22 2.0 0.11 30 1.5 140 9 500 86 6.4
Nemunélio Wiht patina
Radviliskis unstriped

part 3 0100 16 52 35 4.3 0.19 28 2.4 200 16 350 12511.0

Average 0.150 19 3.0 29 5.8 0.17 36 1.7 165 16 450 10515.5

niai and Nemunélio Radviliskis siliceous for higher con-
centrations of Ca and Jonikai¢iai, Siikainiai, Nemunélio
Radviliskis silicites and Kretuonas and Margionys flints
for higher concentrations of Cr. The concentrations of
other elements also differ. Comparison of flint and si-
licified gaize artefacts from the ancient settlements of
Kretuonas, Dreniai and KalniSkiai has shown that gaize
contains smaller concentrations of B or Ag and Mg
and, sometimes, higher concentrations of Cu, Fe, Mn, P
and Ti. The Kalniskiai and Dreniai artefacts made of
flint and silicified gaize are most comparable. Cluster
analysis was applied to the mentioned 16 groups of
samples (see below).

In order to classify the archaeological artefacts accor-
ding to their belonging to concrete ancient settlements
and maximally increase the number of samples for statisti-
cal evaluation, generalization of geochemical data and
correlation analysis, the number of groups was reduced
to 11 (Table 2). In some cases (Kretuonas, Dreniai and
Kalniskiai) the generalized geochemical data levelled down
the petrographic diversity of artefacts. According to the
data of spectral analysis, the Nemunélio Radviliskis, Sii-
kainiai and Jonikaiciai siliceous samples are most com-
parable. The samples from Dreniai (B, Ca, Mg, and Ti),
Jara (Ag, Cr, Mn, Ni) and Kalniskiai (Ag, Ti) resemble
these siliceous samples in some groups of elements.
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Table 2. Arithmetic mean (X), standard deviation (S) and variation coefficient (v, %) of chemical elements in siliceous
rock artefacts from ancient settlements, siliceous concretions and nodules. % for Ca, Fe, Mg and mg/kg for other trace
elements

2 lentelé. Senyjy gyvenvieciy silicito dirbiniuose, silicity konkrecijose ir gniutuluose nustatyty cheminiy elementy aritme-
tinis vidurkis (X), standartinis nukrypimas (S), variacijos koeficientas (v, %) (Ca, Fe, Mg nustatyti %, kiti mikroelemen-
tai — mg/kg)

Locality | Number Ag B Ca Cr Cu Fe Li
of
samples | X S vI X |S|v| X S v X |[S|v[X|[S|v| X| S|v| XS v

O

Kalniskiai 10 0.110 0.050 45 50 4.1 8 0.081 0.010 12 10 1.0 10 3.9 1.0 25 0.12 0.01 10 0.8 8
Dreniai 13 0.065 0.010 15 39 6.7 17 1985 1.918 97 11 1.1 10 3.9 0.5 12 0.18 0.06 33 9 09 10
Birzulis 12 0.053 0004 8 53 29 6 0039 0.003 8 13 1.7 13 3.8 0.4 11 0.10 000 1 9 1.0 10
Oznugariai 5  0.051 0.002 5 68 40 6 0.080 0.010 13 17 3.0 18 3.8 0.5 13 0.12 0.02 15 10 0.9 9
Stkainiai ir

Jonikaigiai 6  0.086 0.021 24 39 4.0 10 1.800 1.221 68 33 6.5 20 6.4 0.8 12 044 0.08 17 9 09 10
Margionys 27  0.050 0.016 32 82 2.7 3 0.050 0.003 6 17 13 7 45 02 4 021 008 38 9 02 2
Kretuonas 32  0.044 0.003 6 51 3.5 7 0.104 0.030 29 16 2.9 18 45 0.2 4 020 0.06 30 9 0.5 5

Jara 21  0.129 0.052 40 57 2.7 5 0.069 0.020 29 17 1.3 7 52 0.5 10 0.21 0.07 33 12 0.6 5
Sviliai 3 0.071 0.009 13 63 14.5 23 0.073 0.020 27 18 8.8 50 7.1 2.2 31 0.17 0.05 29 6 0.7 12
Nemunélio

Radviliskis 9 0.157 0.045 29 21 13 6 2620 0.631 24 26 19 7 48 09 18 0.15 0.01 9 27 32 12
Grodno 5 0.054 0.008 15 102 7.9 8 0.062 0.016 26 15 1.6 11 5.7 1.0 17 0.11 0.02 21 6 09 14

Locality (Number Mg Mn Ni P Ti \Y%
of
samples | X S v|X| S v | X S v X| S|v X [S|v| X S v

Kalnigkiai 10 0,099 0,0076 8 36 88 25 6,7 0,72 11 588 52 9 145 29 20 33 044 14

Dreniai 13 0,226 0,1900 84 73 15,1 21 7,1 0,67 9 596 40 7 129 31 24 2,7 0,51 19

Birzulis 12 0,020 0,0050 25 42 74 17 7,9 093 12 598 42 7 100 12 12 2,1 0,15 7
8

Oznugariai 5 0,035 0,0100 29 62 163 27 114 338 30 684 54
Stkainiai ir

Jonikaigiai 6 0,135 0,0272 20 323 226 70 114 239 21 22101368 62 717 186 26 21,7 7,69 35
Margionys 27 0,010 0,0003 3 110 83 8 125 0,83 7 552 38 7 45 3 7 19 006 3

106 7 7 2,5 0,02 1

Kretuonas 32 0,033 0,0070 21 53 48 9 84 057 7 562 52 9 98 15 16 2,5 0,27 11
Jara 21 0,013 0,0003 2 108 9,7 9 95 062 7 529 43 8 77 7 9 22 0,14 6
Sviliai 3 0,039 0,0127 32 38 9,3 24 10,3 3,18 31 433 33 8 193 84 44 3,1 1,16 37
Nemunélio

Radviliskis 9 1,422 0,1993 14 144 9,7 7 147 1,57 11 490 45 9 94 15 16 114 349 31
Grodno 5 0,035 0,0100 28 66 343 52 10,1 1,18 12 504 29 6 97 14 15 2,1 053 25

Table 3. Ratio between the average value of chemical elements in Margionys ancient settlement artefacts and artefacts
of other ancient settlements

3 lentele. Margioniy senovés gyvenvietés dirbiniuose nustatyty cheminiy elementy vidurkio santykis su kity senovés
gyvenvie¢iy dirbiniy, taip pat silicitiniy uolieny cheminiy elementy vidurkiu

Locality Number Elements
of samples| Ao | B |Ca| Cr | Cu| Fe | Li | Mg |Mn | Ni [P | Ti |V

Kalniskiai 10 045 1.64 062 1.67 1.16 181 089 0.10 3.06 1.86 094 031 0.58
Dreniai 12 0.74 2.00 075 141 120 1.14 099 027 145 1.69 094 035 0.67
Birzulis 12 094 154 128 135 1.19 217 097 049 259 158 092 045 092
Oznugariai 5 098 121 063 101 120 172 092 029 1.79 1.10 0.81 043 0.77
Stikainiai ir Jonikaidiai 6 0.58 2.10 0.03 051 070 047 1.00 0.07 034 1.10 025 0.06 0.09
Kretuonas 26 1.19 145 078 104 099 116 1.04 030 242 147 1.00 0.65 0.94
Jara 21 039 144 073 098 086 098 076 0.77 1.02 131 1.04 0.58 0.88

Nemunélio Radviliskis 9 032 386 002 067 094 141 034 0.01 076 0.85 1.13 048 0.17




Siliceous rocks as a raw material of prehistoric artefacts in Lithuania 21

Table 4. Associations of chemical elements in artefacts from
ancient settlements and siliceous rocks determined by cor-
relation analysis. In bracket precarious CR

4 lentelée. Tyrinéty senovés gyvenvie€iy ir silicitiniy uolieny
cheminiy elementy asociacijos, nustatytos koreliacinés ana-
lizés pagrindu (skliaustelinose abejotinas KR)

Locality Associations

Kalniskiai ~ V-Ti—-Fe-Mg—(Cu)—(Ni);
Cr—Ca—B-Ag—(Cu)—(Ni)

Dreniai Li-Cr-Ti-V-Mn-Fe—(Ni); B-Ca-P-Mg—(Cu)

Birzulis V-Fe-Ti; Li-Mn-Ni-Cu-Cr—(V)—(Ag);
B—-Ca-Mg—(P)

Margionys Ag-Cr—Cu—Ni-Mn; Ti-V-Fe-Mg—Ca

Kretuonas

(flint

artefact) Mn—Ni-Ti—Cu-Fe-Li; Ca—Ag—Mg—(Ti)—(Li)

Kretuonas

(silicified

gaize

artefact) Ca—Mg—Fe-Mn—Cr—Cu—Ni-Ti;
Ag-P-B-Li

Jara Cu-Fe-Mn—(Cr); Li-Ti-V; Cr-Ni- B

Nemunélio

Radviliskis Mg—Ca—Mn—(Ti);
Ni—Fe-Cu-Li-V-Ag- (P)-(B)

Margionys,

Kretuonas

and Birzulis Ca—Mg—Fe—V-Ti—(Cu);

together Mn—Ni-B-Li—(Cu)—(Cr)

The average values of the geochemical composition of
siliceous artefacts from the ancient Dreniai, Kretuonas, Ja-
ra, Birzulis, Oznugariai, and Kalniskiai settlements were
compared with the average value of flint artefacts from
Margionys settlement (Table 3). This allowed determining
the resemblance of the chemical composition of the archa-
eological finds studied with the finds from Margionys set-
tlement. According to most chemical elements, the Mar-
gionys samples are most comparable with the finds from
Kretuonas, Jara, Oznugariai and Birzulis (?). The siliceous
rocks from Nemunélio Radviliskis, Jonikai¢iai and Sukai-
niai showed the greatest difference of chemical composi-
tion from the Margionys flint artefacts. The differences of
Kalnigkiai and Dreniai samples were less conspicuous.

Interesting and informative results were obtained by
correlation analysis of chemical elements often reveal-
ing the causality of correlative relations (CR) of com-
ponents (Table 4). CR matrixes and their analysis show-
ed a high variety of correlations from a well-marked
existence of two “antagonistic” associations to 3—4 small
and inconspicuous groups correlated by one or two ele-
ments (Fig. 5).

From this point of view, it is expedient to analyse
data from the ancient Margionys settlement, because its
archaeological artefacts are most likely made of the lo-
cal Cretaceous flint concretions. The distinguished [Ti—
V-Fe-Mg—Ca] and [Ag—Cr—Cu-Ni-Mn] associations pre-
sumably reflect the chemical composition of the inso-
luble residue and thindispersed part of the Upper Cre-
taceous sediments. The CR analysis of the samples from
the combined group of ancient settlements (Margionys,
Kretuonas and Birzulis) re-
vealed two associations [Ca—

Mg—Fe-V-Ti—~(Cu)] and [Mn—
Ni-B-Li«Cu)—~Cr)] (in brack-
et precarious CR). The asso-
ciation [Ca—Mg-Fe-Ti—V] is
characteristic of Margionys
alone. The second association
most probably implies sedi-
ments of higher salinity ba-
sins.

The Kretuonas artefacts

|Ag]Cr|cu|Ni [Mn|Ti| V|Fe|Mg|ca|B | P |Li]

|B |ca|Mg| Plag|Li |Mn|Ni [culcr |V |Fe|Ti|
RIS

s
&5

were visually classified into
two types of siliceous rocks
for correlation analysis. The
flint artefacts from Kretuonas
are marked by two associa-
tions, [Mn—Ni-Ti—Cu—Fe-Li]
and [Ca—Ag—Mg—(Ti)—(Li)],
which resemble the element
associations in the artefacts of

<
5
R

Fig. 5. Correlative relations (rxy10'2) of chemical elements determined in flint (4) and
silicified gaize (B) artefacts from Kretuonas and flint artefacts from Margionys (C) and
Birzulis (D). Significant correlation coefficients are marked for q=0.05. N — number of
samples

5 pav. Kretuono titnago (4) ir silicifikuotos opokos (B), Margioniy (C) ir Birzulio (D)
titnago archeologiniuose dirbiniuose nustatyty cheminiy elementy koreliacijos rysiai (rxy10'2).
ISryskinti reikSmingi koreliacijos koeficientai esant q=0,05. N — tirty méginiy skaicius

Margionys settlement. Other
associations mark artefacts
made of silicified gaize: [Ca—
Mg-Fe-Mn—-Cr—Cu—Ni-Ti]
and [Ag—P-B-Li]. The corre-
lative relations of chemical
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elements in the Devonian siliceous nodules from the
Nemunélio Radviliskis outcrop are comparable to the
ones in the artefacts from Kretuonas. Preservation of
the groups [Mg—Ca-Mn—(Ti)] and [Li-Ag—(P)—-(B)] is
also characteristic.

Data of the correlation analysis allow distinguis-
hing three types of CR. One of them is distinguished
by a stable group [V-Ti—Fe] sometimes joined by Mg,
Mn, Ca. The second type is characterized by the group
[B—-Ca—Mg] sometimes joined by P, Mg, Cu, Cr. The
third type is distinguished by the group [Mg—Ca—Mn]
sometimes joined by Fe, Cr, Ti. The CR of the first
type are related with the Upper Cretaceous flint conc-
retions and artefacts made of them (Margionys, partly
Birzulis, Kalniskiai, Dreniai, and Kretuonas). The CR
of the second type are identified in the ancient settle-
ments of Birzulis area alone and are related with the
spread of the Upper Cretaceous flint (silicified gaize)
in Zemaitija Region. The CR of the third type are
presumably characteristic of the Upper Devonian sili-
ceous rocks and are preserved in the distribution pat-
tern of chemical elements in the Kretuonas and Jara
archaeological artefacts.

Results of cluster analysis

Cluster analysis of all samples was performed by Ward’s
method, expecting, at least partly, to group them accor-
ding to localities. According to the distribution of the
main chemical elements, 143 available samples were
grouped into seven large clusters of various ranks. Sam-
ples taken from one siliceous nodule and from the same
investigation objects (ancient archaeological settlements,
Nemunélio Radviliskis outcrop, etc.) were classified in-
to large clusters. After elimination of gaize and silici-
fied gaize samples from Sikainiai and JonikaiGiai (mark-
ed by anomalous values of some chemical elements),
the number of large clusters reduced to two. Each of
them was subdivided into 2-3 smaller ones. Typically,
that samples of Nemunélio Radviliskis Devonian silice-
ous rocks are included into one group. The artefacts
from the ancient settlements, though in groups of 4-8,
are included into different large clusters. A similar test
with the samples from three settlements (Margionys, Bir-
zulis and Kretuonas) ended in distinguishing three large
clusters including artefacts from all the three objects.
All the three clusters include samples of silicified gaize,
flint of different colours with patina and without it. These
results were presumably predetermined by a high sensi-
tivity (precision) of the method and the similarity of the
chemical composition of siliceous rocks. Different re-
sults were obtained generalizing by this method the ave-
rage values of geochemical data from 16 relatively ho-
mogeneous groups (Fig. 6). The grouping of samples in
three larger clusters is rather easily explained. One cluster
included samples of Nemuné¢lio Radviliskis Devonian
siliceous rocks and Stkainiai and Jonikaigiai gaize and
its silicified varieties. The second cluster included sili-
cified gaize from Kalniskiai, Dreniai and Kretuonas and

Ward’s method

14

Fuclidean distances

= -

.
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Fig. 6. Similarity of the groups of siliceous nodules, concre-
tions and archaeological artefacts according to the average
values of chemical elements determined by cluster analysis.
1 — Margionys (field concretions); 2 — Margionys (samples of
one concretion); 3 — Margionys (flint artefacts); 4 — Jara
(flint artefacts); 5 — Kretuonas (artefacts of silicified gaize); 6
— Kretuonas (flint artefacts); 7 — Dreniai (flint artefacts); 8§ —
Dreniai (artefacts of silicified gaize); 9 — Birzulis (flint arte-
facts); /0 — Oznugariai (flint artefacts); // — Kalniskiai (ar-
tefacts of silicified gaize); /2 — Kalniskiai (flint artefacts); /3
— Siikainiai and Jonikaigiai (gaize, silicified gaize); /4 — Grod-
no (Grandichi) (artefacts of one flint concretion); /5 — Nemu-
nélio Radviliskis (samples of the Upper Devonian siliceous
nodules); /6 — Sviliai (samples of one Upper Devonian flint
concretion)

6 pav. Silicity gniutuly, konkreciju ir archeologiniy dirbiniy
grupiy panasumas pagal klasterinés analizés pagrindu nustaty-
ty cheminiy elementy vidurkius.

1 — Margionys (konkrecijos i§ lauko); 2 — Margionys (méginiai
i§ vienos konkrecijos); 3 — Margionys (titnago dirbiniai); 4 —
Jara (titnago dirbiniai); 5 — Kretuonas (silicifikuotos opokos
dirbiniai); 6 — Kretuonas (titnago dirbiniai); 7 — Dreniai (titna-
go dirbiniai); 8§ — Dreniai (silicifikuotos opokos dirbiniai); 9 —
Birzulis (titnago dirbiniai); /0 — Oznugariai (titnago dirbiniai);
11 — Kalniskiai (silicifikuotos opokos dirbiniai); /2 — Kalnis-
kiai (titnago dirbiniai); /3 — Sitkainiai ir JonikaiGiai (opoka,
silicifikuota opoka); /4 — Grodno (Grandi¢i) (méginiai i§ vie-
nos titnago konkrecijos); /5 — Nemunélio Radviliskis (méginiai
i§ virSutinio devono silicito gniutuly); /6 — Sviliai (méginiai i§
vienos virSutinio devono titnago konkrecijos)

flint artefacts from Birzulis and Dreniai. The third lar-
gest group included samples of flint artefacts from Mar-
gionys, Kalniskiai, Oznugariai and Kretuonas and of so-
me flint concretions from Grodno (Grandichi), Margio-
nys and Sviliai.

GENERALIZATION AND DISCUSSION

Comparison of trace element composition in the Phane-
rozoic rocks revealed that the median concentrations of
many trace elements in the Devonian marls and dome-
rites were smaller than in analogous rocks of other sys-
tems. Higher values of Cu were determined only in the
Upper Devonian marls and of Zr in dolomites. This
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happened due to a higher input of terrigenous material
into the then basin (Kadtnas et al., 2004). The concen-
trations of most trace elements, except Sr, in carbona-
ceous sediments of the Upper Cretaceous are even smal-
ler. A reduction of allothigenous and allothigenous acces-
sory trace elements (Ga, Ba, Zr, and Ti) is observed.
Unfortunately, these data are not fit for comparison, be-
cause for different reasons some trace elements were
eliminated from the study. A comparison of the back-
ground values of trace elements in the Upper Devonian
dolomites and Upper Cretaceous carbonates (partly in
marl) revealed considerably higher concentrations of Cr,
Cu, Mn, Ti, and V in dolomites (Kadtnas et al., 2004).
In the Upper Cretaceous aleurites, which were the sour-
ce of gaize, the concentrations of Cr, Li, Ni, and V are
higher than in dolomites. The concentration of Ti is
comparable. However, analysis of flint artefacts and
concretions did not prove an analogous pattern of ele-
ment distribution in them. It is known that the siliceous
nodules of the Upper Devonian Istras Formation are
found in the interlayers of dolomite powder, which are
a product of gypsiferous dolomite washout (BomsuHckac,
1966). Because of this, the chemical composition of
siliceous rocks contained in them may have specific fe-
atures of the enshrouding siltstone.

The flint concretions of Lithuania are associated with
the Cretaceous carbonaceous flint outcrops and espe-
cially with the chalk and chalk marl blocks transported
by glaciers and their washout residuals in South Lithu-
ania. The in situ lying Cretaceous silicified gaize of
West Lithuania, where glaciers exposed these rocks, was
easily available for use (Radzevicius, 2004). The geolo-
gical environment of Kretuonas and Jara ancient settle-
ments is related with the Upper Devonian strata some-
times containing siliceous nodules and flint concretions.
They are found in Middle and East Latvia, North Be-
larus and North Lithuania (Birzai district in particular).

As the chemical composition of siliceous rocks with
regard to oxides composing rocks is rather comparable
(only the concentration of SiO, ranges within 94-99%),
the study of trace element composition was expected to
be informative. The differences of discrete parts of no-
dules and concretions became especially evident after a
cluster analysis of analytical data. The uneven distribu-
tion of trace elements (Ag, B, Cr, Cu, Li, Mn, Ni, P,
Ti, and V) associated with the sparse insoluble residue
in concretions (nodules) was predetermined as early as
at the beginning of rock formation. Specific sedimenta-
tion conditions (salinity of the primary basin, silicified
silt or rock, etc.) predetermined the chemical composi-
tion of concretions (nodules) recorded during analysis
of archaeological artefacts.

A review of the data allows distinguishing the Ne-
munélio Radviliskis, Stkainiai and Jonikai¢iai siliceous
samples. Samples from Dreniai (B, Ca, Mg, and Ti),
Jara (Ag, Cr, Mn, and Ni) and Kalniskiai (Ag, Ti) re-
semble them according to the groups of some chemical
elements. The composition of flint and silicified gaize

artefacts from Kretuonas, Dreniai and Kalniskiai ancient
settlements sometimes contains smaller concentrations of
B or Ag, Cr and Mg or higher concentrations of Cu,
Fe, Mn, P, and Ti. According to the concentrations of
these elements, the flint artefacts from KalniSkiai and
Dreniai are comparable.

A comparison of some ancient artefacts with the ave-
rage values of the geochemical composition of flint arte-
facts from the Margionys ancient settlement has shown
that according to many chemical elements the artefacts
from Margionys are most comparable with the finds of
Kretuonas, Jara, Oznugariai and Birzulis. The Nemuné-
lio Radviliskis, Jonikaitiai and Stkainiai siliceous items
differ from Margionys artefacts in most chemical ele-
ments. Samples from Kalniskiai and Dreniai are less
different.

Data of correlation analysis show three types of CR.
A stable group of elements [V-Ti—Fe], sometimes asso-
ciated with Mg, Mn and Ca, characterizes the first type.
Group [B-Ca—Mg], sometimes associated with P, Cu,
and Cr, represents the second type. Group [Mg—Ca—
Mn], sometimes associated with Fe, Cr and Ti, repre-
sents the third type. The CR of the first type are rela-
ted with the Upper Cretaceous flint concretion and ar-
tefacts made of them (Margionys, partly Birzulis, Kal-
niskiai, Dreniai, and Kretuonas). The CR of the second
type are characteristic only of Birzulis ancient settle-
ments and are related with the Upper Cretaceous stra-
tified flint (silicified gaize) widespread in Zemaitija. The
CR of the third type are characteristic of the Upper
Devonian siliceous items preserved in the distribution
pattern of chemical elements of Kretuonas and Jara ar-
tefacts.

The average values of the geochemical data of 16
relatively homogeneous groups were generalized by the
method of cluster analysis (Fig. 6). In three large clus-
ters, the grouping of samples is simple. One group in-
cludes samples of silicified varieties of Siikainiai and
Jonikaiciai gaize, the second includes artefacts of silici-
fied gaize from Kalniskiai, Dreniai and Kretuonas and
flint artefacts from Birzulis and Dreniai, and the third
includes only flint artefacts from Margionys, Kalniskiai,
Oznugariai and Kretuonas and some concretions from
Grodno (Grandichi), Margionys and Sviliai.

The available data show that the siliceous artefacts
studied may be made of raw material of triple genesis:
the Upper Cretaceous concretions, the Upper Creta-
ceous stratified flint (silicified gaize) and the Upper De-
vonian siliceous rocks. The artefacts of Margionys an-
cient settlement a priori can be identified as made of
the local flint concretions. However, the raw material of
Birzulis artefacts is presumably of two types: the flint
concretions imported from the south and the local stra-
tified flint (silicified gaize). The higher petrographic and
chemical diversity of Birzulis artefacts proves the exis-
tence of the latter type of material. It seems likely that
the raw material of Kretuonas and Jara artefacts is also
of two types. They are the Upper Cretaceous flint
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imported by the population of the Stone Age from the
south south east and the relatively local Upper Devo-
nian silicites. The distribution pattern of the latter in
Lithuania has not been sufficiently well investigated. It
is attributed to the spread of the Upper Devonian Fras-
nian stratified siliceous rocks, siliceous nodules and flint
concretions in the Middle and East Latvia and North
Belarus, comparable to the ones found in the environs
of Nemunélio Radviliskis and Sviliai settlements
(I'paButnc, 1963; Copokun, 1963; Maxnau, ['ymuc,
1993a; Maxnau, ['ynemuc u ap., 2004). Though very
solid, the investigated and described siliceous nodules
found in the environs of Nemunélio Radviliskis Tow-
nship have not yet been recognized among the archae-
ological artefacts.

CONCLUSIONS

1. The trace element composition of siliceous rocks (Ag,
B, Cr, Cu, Li, Mn, Ni, P, Ti, and V) is mainly related
with a sparse insoluble residue of carbonaceous siltsto-
ne (authigenous and allothigenous part). Their uneven
distribution in siliceous concretions and nodules was pre-
determined in the beginning of rock formation.

2. The distribution patterns of chemical elements in
flint concretions, siliceous nodules, rock debris and si-
liceous artefacts from ancient settlements allowed dis-
tinguishing a group of similar siliceous artefacts from
the Nemunélio Radviliskis, Sukainiai and Jonikaiciai an-
cient settlements. The artefacts from the Dreniai, Jara
and Kalniskiai settlements resemble them in some groups
of elements.

3. Data of correlation analysis allow distinguishing
three types of CR. The CR of the first type are related
with the Upper Cretaceous flint concretions and arte-
facts made of them (Margionys, partly Birzulis, Kalnis-
kiai, Dreniai, and Kretuonas). The CR of the second
type are identified in the ancient settlements of Birzulis
area alone and are related with the spread of the Upper
Cretaceous flint (silicified gaize) in Zemaitija. The CR
of the third type are presumably characteristic of the
Upper Devonian siliceous rocks and are preserved in
the distribution pattern of the chemical elements of Kre-
tuonas and Jara archaeological artefacts.

4. According to data of cluster analysis, one group
includes samples of Nemunélio Radviliskis Devonian si-
liceous and Siikainiai and JonikaiGiai gaize and its sili-
cified varieties. The second group includes silicified gai-
ze from KalniSkiai, Dreniai and Kretuonas and flint ar-
tefacts from Birzulis and Dreniai. The third, largest group
includes samples of flint artefacts from Margionys, Kal-
niskiai, Oznugariai and Kretuonas and of some flint
concretions from Grodno, Margionys and Sviliai.

5. The artefacts, most likely, are made of the raw
material of triple genesis: Upper Cretaceous concretions,
Upper Cretaceous stratified flint and Upper Devonian
siliceous rocks. The artefacts of Margionys ancient set-
tlement can be identified as made of the local flint

concretions. However, the raw material of Birzulis arte-
facts is presumably of two types: flint concretions im-
ported from the south and the local stratified flint (si-
licified gaize). The raw material of Kretuonas and Jara
artefacts is also of two genetic types: the imported Up-
per Cretaceous flint from the south south east and the
relatively local Upper Devonian siliceous.

6. The distribution pattern of the latter in Lithuania
has not been sufficiently well investigated. It is attributed
to the spread of the Upper Devonian Frasnian stratified
siliceous rocks, siliceous nodules and flint concretions in
the Middle and East Latvia and North Belarus.

ACKNOWLEDGEMENTS

The authors thank the Lithuanian Science and Studies Foun-
dation for support of the project (Reg. No T-05044), ar-
chaeologist Dr. Habil. A. Girininkas, geologists Dr. A. Ra-
dzeviCius, Dr. R. Zinkuté and Dr. R. Taraskevicius for
their aid in the realization of the planned work and con-
sultation. The authors are also grateful to D. Ostrauskiené
from the Lithuanian National Museum, B. Poskiené from
the Geological Museum of the Institute of Geology and
Geography, personnel of regional museums of Svencionys,
Panevézys and Birzai towns and regional researcher
V. Kucas for permission to use their collection material.

References

1. Bacskay E. 1984. Prehistoric flint mines (exploitation si-
tes) in Hungary and their role in raw material supply. In
Third seminar on Petroarchaeology. Plovdiv, 27-30
August, 1984, Bulgaria. 127-145.

2. Balcer B. 1988. The Neolithic Flint Industries in the Vis-
tula and Odra Basins. Przeglqd Archeologiczny. 35. 49—

100.

3. Baltrinas V. 1995. Pleistoceno stratigrafija ir koreliacija.
Vilnius: Academia. 179 p.

4. Baltrinas V. 2001. PavirSiaus geologinés salygos. Akmens
amzius Piety Lietuvoje (red. V. Baltriinas). Vilnius. 82—89.

5. Baltrinas V. 2002. Stratigraphical subdivision and corre-
lation of Pleistocene deposits in Lithuania (methodical pro-
blems). Vilnius: Geologijos institutas. 74 p.

6. Baltrinas V., Karmaza B., Kulbickas D., Pukelyt¢ V. 2004.
Mineralinés zaliavos bei ju paplitimas Virvytés, Minijos ir
Varduvos aukstupiuose. Acta Academiae Artium Vilnensis /
Vilniaus dailés akademijos darbai. Dailé. 34. 33-44.

7. Becker C. 1959. Flint mining in Neolithic Denmark. 4n-
tiquity. 33. 87-92.

8. Binsteiner A. 2004. Materialinterferenzen im Verbreite-
rungsgebiet bayrischer Jurahornsteine in Mittel- und Os-
teuropa. Archdologisches Korrespondenzblatt. 34. 169—-175.

9. Bir6 K. 1997. Petroarchaeology of Siliceous Rocks and
Source Determination in the Carpathian Basin. In Sili-
ceous rocks and culture. Aucheulian site of Arriaga (Spain)
(eds. A. Ramos-Millan and M. A. Bustillo). 353-359.

10. Guobyté R. 2001. Lietuvos geomorfologinis Zemélapis.
Geologijos akiraciai. 3. 23-35.



Siliceous rocks as a raw material of prehistoric artefacts in Lithuania

25

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

217.

Hoika J. 1986. Die Bedeutung des Oldenburger Grabens
fiir Besiedlung und Verkehr im Neolithikum. Offa. 43 [=
Festschr. A. Bantelmann]. 185-208.
http://www.flintsource.net

Jablonskyté-Rimantiené R. 1966. Paleolitinés titnago dirb-
tuvés Ezeryny kaime (Alytaus raj. Raitininky apyl.). Moksly
akademijos darbai. A serija. 2(21). 187-199.
Kaczanowska M. 1986. Kontakte zwischen der Ostslowa-
kei und Kleinpolen angesichts der Importe von Steinroh-
stoffen. In Urzeitliche und friihhistorische Besiedlung der
Ostslowakei in Bezug zu den Nachbargebieten. 77-83.
Kadiinas V., Katinas V1., Radzevi¢ius A., TaraSkeviCius R.
2004. Nuosédy mikroelementinés sudéties kaita sedimen-
tacijos paleobaseinuose ir geocheminiy anomalijy susida-
rymas. Lietuvos Zemés gelmiy raida ir istekliai (ats. red.
V. Baltriinas). Zurnalo , Litosfera leidinys. Vilnius. 123—
144.

Kobusiewicz M. 1997. Sources of flint on the West Po-
lish Plain. In Man and Flint (eds. R. Schild and
Z. Sulgostowska). Warszawa, Institute of Archaeology and
Ethnology Polish Academy of Sciences. 83-90.

Konda J. 1986. The Mesozoic siliceous rocks of the Trans-
danubian Mid-Mountains. In International Conference on
Prehistoric Flint Mining and Lithic Raw Material Identi-
fication in the Carpathian Basin. Conference Proceedings
(ed. K. Biro). 165-168.

Koztowski J. K., Manecki A., Rydlewski J., Valde-No-
wak P., Wrzak J. 1981. Mineralogico-geochemical charac-
teristic of radiolarites used in the Stone Age in Poland
and Slovakia. Acta Archaeologica Carpathica. 21. 171—
209.

Lietuvos geologija. 1994. Sud. A. Grigelis, V. Kadiinas.
Vilnius: Mokslo ir enciklopediju leidykla. 447 p.
Lietuvos TSR atlasas. 1981. Red. koleg. pirmininkas
A. Drobnys. Maskva. 216 p.

Lietuvos Zemés gelmiy raida ir iStekliai. 2004. Ats. red.
V. Baltrlinas. Zurnalo ,Litosfera® leidinys. Vilnius. 700 p.,
211 zemél., CD.

Nielsen L. 1997. Raw material provenance in the early
Neolithic. A comparative study of thinbutted flint axes
from two regions in Jutland, Denmark. In Man and Flint
(eds. R. Schild and Z. Sulgostowska). Warszawa, Institute
of Archaeology and Ethnology Polish Academy of Sci-
ences. 262-267.

Ostrauskas T. 2000. Tyrinéjimai Margioniy titnago kasyk-
Iy ir dirbtuviy komplekse 1999 m. In Archeologiniai ty-
rinéjimai Lietuvoje 1998 ir 1999 metais. Vilnius. 50-51.
Rimantiené R. Akmens amzius Lietuvoje. Vilnius. 1984.
Quaternary deposits and neotectonics in the area of Pleis-
tocene glaciations. May 12-16, 1997, Belarus. Excursions
guide book (ed. A. Matveev). Minsk. 36 p.

Radzevic¢ius A. 2004. Prekvartero stratigrafija ir uolieny
litogenezé. Kreida. Lietuvos Zemés gelmiy raida ir istek-
liai (ats. red. V. Baltriinas). Zurnalo , Litosfera® leidinys.
Vilnius. 90-97.

Skuodiené I., Katinas V1. 1981. Nuo paleolito iki rankras-
tiniy kultiiros paminkly atsiradimo. In Lietuvos TSR geo-
logijos istorija (sud. A. Grigelis). Vilnius. Mokslas. 4-18.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

39.

40.

41.

42.

Satavi¢ius E. 2002. Titnago kasyklos ir apdirbimo dirbtu-
vés prie Titno ezero. Archeologiniai tyrinéjimai Lietuvoje
2000 metais. Vilnius. 22-24.

Apxeanorii M HyMi3maTelka benapyci. DHUBIKJIaneabls.
Minck. 1993. 338-340.

Bpysxo U. B., Buneiiko M. 0., Canoxuukos HU. B. 2005.
Buxrop ®enoposuu IlerpyHp 1 ero Bkiag B apXeOMHUHE-
pajorui0. Apxeomunepano2us u pamHAs UCMOPUS MUHepa-
Joeuu. Marepuaisl MEXAyHapOIHOTO ceMHuHapa. CBIKTBIB-
kap, Pecryonuka Komu, Poccus, 30 mas—4 urons 2005 r.
17-22.
Bomsunckac D. B. 1966. BepxHeneBOHCKHE TOJOMHTHI
ceBepHO JIUTBBL. JIumonozuss u 2eonoeusi NoNE3HbIX
uckonaemuvix FOocnoii Ipubanmuku (otB. pen. B. B. Mu-
Kaifna). Bunbhioc: Muntuc. 69-88.

lamibun B. A., Tumodees B. WM. 1993. Hoselii nomxon k
pa3paborke mpoOsieMbl BBISIBJICHHST WCTOYHUKOB KPEMHEBOTO
ChIpbsl UL KyIbTYp KaMeHHOro Beka Bocrtounoii ITpubarruxu.
Apxeonoeuueckue Becmu. 2. Canxr-IlerepOypr. 13-19.
I'paButuc B. A. 1966. Cunuuurthl JayraBCKOH CBUTBI.
Dpanckue omnoowcenus Jlamsuiickoti CCP. Pura: M3a-Bo
AH JlarsCCP. 243-262.

Kaneunny E. I 1984. IlepBonauanbHOE 3acelieHHE Tep-
puropuu benopyccun. Munck. 159 c.

Maiioposa T. I1., Bomokutun A. B. 2005. 'eoxumuueckue
0COOCHHOCTH KpPEMHsI JPEBHHX HHAYCTPUil M BBIABICHHE
HCTOYHUKOB CBHIPbS. ApXeomunepanozus u pamHsas uCMopus
MuHepanozuu. Marepuansl MeXIyHapOAHOTO CEeMHHapa.
CeixteiBKap, Pecnybmuka Komu, Poccus, 30 mas—4 uroHs
2005 r. 118-119.

Maxnau A. A, T'ymuc JI. @. 1993a. XKenBakoBble KpeMHH
B KapOOHaTHBIX OTJIOKEHHAX JIeBOHAa W Mena bemapycu.
Coobrurenne 1. IMerporpaduss u munepanorus. Jluromorus
U nose3Hble uckomaemsle. 1. 49-63.

Maxnau A. A, I'ymuc JI. ®. 1993b. XKenBakoBble KpeMHH
B KapOOHATHBIX OTIOXKEHHUSIX J€BOHAa W Mena bemapycuu.
leoxumus. Jlumonoecus u

Coobmenue 2. nozesmvie

uckonaemvle. 2. 78-87.

. Maxnau A. A, I'ymuc JI. @. 1993c. JKenBakoBble KpeMHHU

B KapOOHAaTHBIX OTJIOKEHHAX JIeBOHAa W Mena bemapycu.

Coobmenue 3. Tenesuc. Jlumonocus u nonesuvie
uckonaemvle. 6. 55—68.

Maxnau A. A., I'ymuc JI. @., Maxunay H. A., Crpenbuosa I /1.,
IllumanoBny B. M., Muxaiinos H. JI. 2004. Ilocrcemu-
MEHTAIMOHHBIC U3MECHEHUSI OTJIOKCHHUH TIAT(OPMEHHOIO YexIia.
Ocnosbl 2eonoeuu Benapycu. Munck. 215-233.

1971.

KpeMHe

Iletpyus B. . O reoyoruuecKkod MO3UIUH U

00paboTaHHOM ME30JINTUYECKOH  CTOSHKHU

benonecbe. Mamepuanvt no apxeonozuu  Ceseprozo

Ilpuuepnomopes. Beim. 7. Onecca. 110-117.
H. Bb. 1984.
HCTOYHMKOB KPEMHS JUIsi apXCOJOrMYECCKHX MaMSITHHKOB.

CenuBaHOBa Meronuka omnpeneneHus
III Seminar on Petroarcheology. Plovdiv. 93-102.

Cununpina [ B. 2005. Ceippé Ha (GuHATBHOMATICO-
JUTHYECKUX CTOSHKax Banpas. Apxeomumnepanocuss u
paunsis ucmopus Munepanozuy. Marepuaibl MeXIyHa-
ponHoro cemuHapa, CbIkThIBKap, PecmyOmuka Komu,

Poccust, 30 mas—4 wrons 2005 r. 115-116.


http://www.flintsource.net

26 Valentinas Baltrunas, Bronislavas Karmaza, Dainius Kulbickas, Tomas Ostrauskas

43. Copokun B. C. 1963. Briaenenuss ayTHIreHHOTO KpeMHe3eMa
B KapOOHATHBIX IOpPOJax JayraBcKoil cBUTHL. Ppawckue om-
noocenuss Jlameutickou CCP. Pura: U3n-so AH JlarBCCP.
263-298.

Valentinas Baltriinas, Bronislavas Karmaza,
Dainius Kulbickas, Tomas Ostrauskas

SILICITINES UOLIENOS KAIP PRIE§ISTORINIU
DIRBINIU ZALIAVA LIETUVOJE

Santrauka

Atlikto darbo tikslas — nustatyti prieSistoriniy silicitiniy dirbi-
niy zaliavos paplitimo, sudéties ir genezés ypatybes bei galimas
jos transportavimo kryptis Lietuvoje. Tam perzitiréta archyviné
ir literatiiriné medziaga silicity sudéties, genezés ir paplitimo
Lietuvos, Latvijos ir Baltarusijos ikikvarteriniy uolieny sluoks-
niuose klausimais. Perzitiréti ir petrografiskai apibudinti gerai
iStirti akmens amziaus senovés gyvenvieiy titnaginiai dirbiniai
Lietuvos nacionalinio muziejaus, kity muzieju fonduose, paimti
éminiai laboratoriniams tyrimams, taip pat ir i§ atodangy bei
karjery. Siekiant geocheminiu poziliriu apibiidinti silicitus ir i$-
rySkinti skirtumus, buvo nustatomas kai kuriy makro- ir mik-
roelementy pasiskirstymas jvairiose ju atmainose (konkrecijy tit-
nage, sluoksniniame titnage — silicifikuotoje opokoje), taip pat
archeologiniuose titnago dirbiniuose naudojant daugiaclementing
(gruping) emising spektrofotometring analizg.

Statistinis bei grafinis duomeny apibendrinimas leido pada-
ryti iSvada, kad tirtieji silicitiniai dirbiniai gali priklausyti tri-
ju tipu zaliavai: virSutinés kreidos titnago konkrecijoms, vir§u-
tinés kreidos sluoksniniam silicitui (silicifikuotai opokai) ir vir-
Sutinio devono silicitams. Jeigu Margioniy (Piety Lietuva) se-
novés gyvenvietés dirbinius galima priskirti vietiniam ledyny
perklostytam konkreciju titnagui, tai Birzulio ploto (Siaurés Va-
kary Lietuva) senovés gyvenvie¢iy dirbiniy zaliava greiciausiai
yra dviejy tipy — tai gyventojy atnestinis i§ Piety Lietuvos kon-
krecijy titnagas ir vietinis sluoksninis silicitas (silicifikuota opo-
ka). Kretuono ir Jaros (Ryty Lietuva) senovés gyvenvieciy dir-
biniy zaliava, atrodo, taip pat priklauso dviem genetiniams Za-
liavos tipams: atnestiniam i§ pietiniy Lietuvos rajony virSutinés
kreidos konkrecijy titnagui bei vietiniams virSutinio devono si-
licitams. Pastarojo tipo zaliavos paplitimas Lietuvoje néra pa-
kankamai iStirtas ir daugiausia grindziamas virSutinio devono
franio auksto sluoksninio silicito, silicito gniutuly ir titnago
konkrecijy, panaSiy i aptiktus prie Nemunélio Radviliskio ir
Sviliy, paplitimu Vidurio ir Ryty Latvijoje bei Siaurés Baltaru-
sijoje. Prie Nemunélio Radviliskio aprasytieji ir tyrinétieji sili-
cito gniutulai, nors ir pasizymi dideliu kietumu, taciau tarp ar-
cheologiniy dirbiniy kol kas neatpazinti.

Banentunac Bantpynac, BponuciaBac Kapma3sa,
Jaiinioc Kyabounkac, Tomac Octpayckac

CHJIMIUTOBBIE MMOPOJbI KAK CBIPBE JIJISI
JOUCTOPHUYECKHX H3JIEJUA B JUTBE

PeszwwMme
Lens
pacnpocTpaHeHHs, COCTaBa W TI'€HE3UCa ChIPbsl JIOUCTOPHUYECKUX

HacTosied  paboOTbl  —  BBISIBUTH ~ OCOOGHHOCTH
CIJIMIUTOBBIX M3JIENIUM, a Takke HANpaBlICHHS HX TPaHCIOp-
TUpoBKH B JIuTBe. M3yueHbl apXuBHbBIE W JUTEPATYpHbIE Marepya-
JBl 110 COCTaBY, TEHE3UCY M PACHPOCTPAHEHUIO CUJIMLHUTOB B
JIO4ETBEPTUYHBIX oOTIoKeHUsX Jluteel, JlatBum wu benapycu.
OcCyIleCTBIEHBl OCMOTP M HeTporpaduueckoe OrpeeeHue
CWJIMIIUTOBBIX (KPEMHEBBIX) M3JEIUI K3 XOpOLIO H3Yy4EHHBIX
JIPEBHUX IIOCENICHUH KaMeHHOro Beka B ¢oHgax JluToBckoro
HalMOHAJIBHOTO My3es, APYruX My3eeB; OTOOpaHbl HpPOObI IS
J1a00paTopHbIX HccienoBaHuid. OTOOp MPOO OCYIECTBIEH TaKKe
13 OOHaXXEHUH M KapbepoB. sl reoXMMHU4ecKoN XapaKTepUCTHKU
U BBIABJICHUS PA3JIMUMil CIJIMLIUTOB ONpPEJEUIoCch paclpeesicHue
HEKOTOPBIX MaKpo-

U MHUKPOIJIEMEHTOB B OTACJIBHBIX UX

Pa3sHOBUIHOCTSX (KOHKPELWSX KPEMHS, OKPEMHEHHBIX CHJIH-
LIUTOBBIX TPOCIIOEB — CHJIMLUTU3MPOBAHHON OIOKH), 8 TaKXKE B
APXCOJIOTMYE€CKUX CUJIMIUTOBBIX U3ACIUAX IIYTEM I[PUMEHCHUS
MHOTO3JIEMEHTHOTO (TPYIIIOBOI0) 3MUCCHOHHOTO CHEKTPOPOTOMET-
PHMYECKOro aHalM3a.

Craructuueckoe u rpaduueckoe 0000LIEHUE MOIYYSHHBIX
JIJ@aHHBIX IIO3BOJIWJIM CHA€JIaTh BBIBOA O TOM, YTO H3YYCHHBIC
CHUJIMIUTOBBIC U3ACIIUA MOTYT GI)ITI) OTHECCHBI K CbIPbIO TPEX
TUIIOB: KPEMHEBBIE KOHKPEMU BEPXHETO MEJIa, OKPEMHCHHBIC
(CHITMUUTU3UPOBAHHbBIE) MPOCION BEPXHEro Mejia U CHIIMLUTBI
BEpPXHEro JeBOHa. Eciu ChIpbeM H3/eNnuil JPeBHEro MoceneHus
Maprenuc

(FOxnast JluTBa) SBIAIOTCS TMEPEOTIIOKEHHBIC

JIEHUKAMU MECTHBIE KpPEMHEBbIE KOHKPELHUH, TO ChIpbe
okpectHOCcTel 03. bupxymuc (Cesepo-3anannas Jlutea) ckopee
BCEro SIBJIIETCS JIBOSKOIO IIPOMCXOXKJEHHS: MPUHECEHHBINH U3
IOxHO#it JIMTBBI KpeMeHb BEPXHEMEJOBBIX KOHKpELUH U
MECTHBIH M3 OKPEMHEHHBIX IIPOCIIOEB OIOKH BEPXHEro Mena.
Chlppe HU3JeMuil JpeBHUX MOCEICHUI Ha ydacTKax IPUO3EPhs
Kperyonac u pyuns Spa (Bocrounas Jlursa), mo-sugumomy,
TAaKKE MOXHO OTHECTH K JBYM TEHETUYECKUM THUIAM:

MPUHECEHHOMY M3 IOXKHBIX pPaloHOB JIMTBBI KPEMHEBBIX
KOHKpeLlUii BEpXHEro Mejla U MECTHBIM JIEBOHCKUM CHJIUIIUTAM.
PacnpocTpaHeHue ChIpbsi IOCIEJHETO THIIA Ha TEPPUTOPUHU
JIUTBBI M3y4yeHO HENOCTATOYHO U B OounbiIoi Mepe 00OCHO-
BBIBAETCA PACIHPOCTPAHCHHUEM CHJIMIIUTOBBIX IPOCIOEB U
XKEJIBAKOB, a TAaK)Ke KPEMHEBBIX KOHKpeLuil ¢paHckoro spyca
BepxHero gneBoHa B CpenHeidi u Bocrounoit JlatBum u
CeBepHoii benapycu. H3yueHHble M ONUCAHHBIE BEpXHE-
JICBOHCKUE CHUJIMIUTOBBIC XKEJIBAaKU B OOHAXKCHUHM BOIM3U MECT.
Hsamynemuo Papsumumkuc (CesepHas JIuTBa), XOTS U XapakTe-
pU3YIOTCAd OOJIBIION TBEPLOCTBIO, CPEOU aAPXEOJOTMYECKHX

Pl3£leﬂPlﬁ IIOKa HC BBIABJICHBI.



