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This paper constrains the provenance of polished tools used in the Corded Ware culture (CWC) in Moravia. Based on optical
microscopy, Pfichystal and Sebela (1992) suggested the source for the CWC battle-axes would be the Gogotéw-Jordanéw
Massif in Lower Silesia (Poland). The present study examines 14 serpentinite tools from archaeological sites of Central
Moravia. We have located the origin of the tools’ raw material by applying detailed petrographic, geochemical and
petrophysical methods, as well as comparisons with data from probable serpentinite sources. Possible sources are adjacent
to the Sowie Gory Block (mainly the Gogotéw-Jordanéw Massif) and within other areas in Central Europe (Penninic
Bernstein Window, Western Lugicum and the eastern part of the Moldanubicum). Its most probable source is the
Gogotéw-Jordanéw Massif, which is a part of the Sleza ophiolite. The tools resemble the raw material source in several
ways: firstly in magnetic susceptibility, with an average value of ~40 x 10-3 Sl; secondly, in the light yellowish-green patched
patinated surface and very strong serpentinisation with almost no primary mineral relics; and lastly, in the occurrence of
pseudomorphs filled with opaque minerals, and also parts with magnesite aggregates, which are quite rare. The main com-
mon feature is the presence of large primary zoned spinels, with Cr- and Al-rich cores and Fe-rich rims. The conclusions are
supported by the results of bulk-rock chemical analysis, both the raw material from Lower Silesia and the tools being Mg-rich.
In addition, the shape of some Moravian battle-axes (from Prusinovice) corresponds to the Sleza type that is believed to be
characteristic of Lower Silesia. The estimated distance of transport from the source area in Gogotéw-Jordanéw Massif to the
archaeological sites in Central Moravia is >260 km.
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INTRODUCTION softness and the high lustre of its polished surface, with an at-
tractive olive-green colour and a smooth but scaly appearance.
Their name originates from the similarity of the serpentinite tex-
ture to the skin of a snake (the Latin Serpentes, meaning “ser-
pents”). Since antiquity, it has been used worldwide to make

jewelry and ceremonial and ornamental carvings (Evans et al.,

Serpentinite began to appear as a rare raw material of pol-
ished stone tools from the beginning of the Neolithic period
(Prichystal, 1984). In the Early Eneolithic period, perforated axe

hammers started to predominate. This prevalence caused a
change of raw materials, from the prevailing foliated meta-
basites to rocks with massive structure. Therefore, igneous,
sedimentary and metamorphic rocks, primarily serpentinites
and olivine basalts, became of interest (Prichystal, 2000).
Serpentinite is a rock with a massive structure consisting
mostly of serpentine group minerals, which form flat, cylindrical
and corrugated microstructures, reflecting the energetically effi-
cient layering of alternate tetrahedral and octahedral sheets
(Guillot and Hattori, 2013). The rock was used for its relative
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2013).

Between 2900-2350 BC the Corded Ware culture (CWC)
was spread over a vast area of northern, central and eastern
Europe. Its characteristic feature is pottery with the print of a
twisted cord and stone battle-axes (Mallory and Adams, 1997).
Serpentinites played a key role in this culture. Important data
concerning raw materials of the CWC battle-axes appeared be-
fore the Second World War. In the first half of the 1980s, practi-
cally the entire accessible polished stone industry connected
with the CWC from Moravia and the adjacent part of Silesia was
investigated (Pfichystal and Sebela, 1992).

This paper examines the assumption that the serpentinites
of Lower Silesia were the raw materials for the polished stone
tools used in the Eneolithic period in Moravia and Czech Silesia
(PFichystal and Sebela, 1992). To determine provenance, the
authors used macroscopical and typological similarities and,
primarily, the study of thin-sections under a polarising micro-
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scope. A very good conformity was found between the bat-
tle-axes’ raw material and serpentinite of the prehistoric mines
described by Wojciechowski (1983) from the Gogotow-
-Jordanéw Massif. This similarity is supported by the occur-
rence of the Sleza type battle-axes (Fig. 1) which are typical of
the probable provenance area.
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Fig. 1. Proposed classification scheme of Silesian battle-axes
of the Sleza type from the CWC with the division into series,
types and subtypes (Chmielewski and Romanow, 2015)

OVERVIEW OF THE SERPENTINITE POTENTIAL
SOURCES

In central Europe, there are many serpentinite occur-
rences that could provide raw material for polished stone tool
production, and thus potential sources have to be selected
based on various indicators. One of the main indicators is the
direction of intercultural contacts of that time. The distribution
routes of raw materials often ran over large distances.
Petroarchaeological studies of recent years have shown the
presence of workshops near the raw material sources and
concentrations of semi-finished polished tools in their vicinity.
We can probably exclude serpentinite massifs of the West-
-Moravian Moldanubicum and Moravian Lugicum from consid-
eration (Pfichystal and Sebela, 1992; Pfichystal, 2001) as
there is no evidence of prehistoric serpentinite mining or larger
utilisation of the raw material from these regions. In the ser-
pentinites from the West-Moravian Moldanubicum and Lugi-
cum there are preserved remains of primary minerals which
were only slightly altered, and secondary amphibole rarely ap-
pears. Pyrope was found in Bohemian serpentinites (in the re-
gions of Kutna Hora and the Svratka crystalline units, Kfemze
and its surroundings in the South-Bohemian Moldanubicum).
The small occurrences in the metabasite zone of the Brno
Batholith are also petrographically not comparable to the raw
material of the tools analysed (Prichystal, 2000). Serpentinites
from the Moldanubicum, Lugicum and the Brno Batholith differ
from the raw material of the CWC battle-axes in the presence
of olivine, pyroxene or amphibole relics (Prichystal and
Sebela, 1992). However, the important serpentinite massifs in
the West-Moravian Moldanubicum cannot be completely ex-
cluded due to their location relatively near the archaeological
sites. Therefore, the most important West-Moravian serpen-
tinite massifs were included in the comparison.

Lower Silesia in Poland. Significant outcrops of ser-
pentinites are situated around the Sowie Géry Block in the Pol-
ish part of the Lugicum in the Central Sudetes, Lower Silesia:
the Gogotéw-Jordanéw Massif near Mount Sleza, the Bra-

szowice-Brzeznica Massif and the Szklary Massif. These mas-
sifs are considered to be fragments of the Central-Sudetic
ophiolite (Dubinska and Gunia, 1997; Kryza and Pin, 2010;
Wojtulek et al., 2016), and are not overlain by Quaternary de-
posits.

The Gogotéw-Jordanéw Massif is an arc-shaped body that
surrounds the southern edge of Mount Sleza, which is the larg-
est of the three serpentinite massifs in Lower Silesia. The mas-
sif consists mainly of completely serpentinized ultramafic rocks,
originally peridotites (harzburgites, lherzolites and dunites).
Only rarely are fresh or slightly altered ultramafic rocks present.
The serpentinites were formed by hydrothermal metamorphism
of ultrabasic igneus rocks (peridotite) and are considered to
represent tectonically emplaced mantle (Majerowicz and Pin,
1994; Dubinska and Gunia, 1997). A mesh-like microstructure
prevails in the serpentinites in the northern part of the massif
while a flame-like microstructure with abundant relics of olivine
and pyroxene is common in the western and central part of the
massif (Majerowicz and Pin, 1989).

The Braszowice-Brzeznica Massif is situated in the south-
ern part of the Niemcza Dislocation Zone stretching along the
fault at the southern margin of the Géry Sowie Block and form-
ing the prominent hills of Grochowiec, named Mnich and
Stroznik. The massif is bordered by the Sudetic Marginal Fault
in the south-west and by granitoids and schists of the Niemcza
Dislocation Zone in the east. It consists of an ultrabasic unit
composed of serpentinized peridotites and mafic units with
diallage gabbro and amphibolites (Gunia, 1988). In the ser-
pentinites, a mesh-like microstructure was observed, which oc-
curs particularly in the eastern part of the massif (Gunia, 1992).

The Szklary Massif occupies the southern part of the
Niemcza Dislocation Zone, which is considered to be a trans-
verse, left-side shear zone in the northeastern part of the Bohe-
mian Massif. The Szklary Massif is elongated N-S and is clearly
seen in the landscape as a range of N-S aligned hills: Siodtowe,
Tomickie and Kozmickie. It stretches out along the eastern
flank of the Gory Sowie Block (Mazur and Puziewicz, 1995).
The Szklary Massif is composed mainly of serpentinized peri-
dotite, in places with a surface weathered layer with secondary
minerals. The primary rocks were probably residual harzbur-
gites (Gunia, 1995, 2000). In the serpentinites, mainly mesh-
-like and mesh-oriented microstructures occur; the matrix con-
tains relics of olivine with a distinct relief, often penetrated by
tiny veins of minerals of the serpentine group — lizardite and
chrysotile, which are oriented parallel with square areas filled
with relics of olivine (Gunia, 1993).

Use and prehistoric mining of the raw materials from
Polish Lower Silesia. The Gogotéw-Jordanéw Massif is often
considered to be a possible source of the serpentinite bat-
tle-axes of the CWC in Moravia and Czech Silesia (Prichystal
and Sebela, 1992). The raw material was supposedly trans-
ported along a prehistoric trade route from Lower Silesia along
the Odra River through Upper Silesia towards the Moravian
Gate and later to Moravia. This assumption is supported by the
typological connection of the material to the so-called Sleza
type (Fig. 1) of battle-axe, whose provenance is assumed to
have been in the region of Mount Sleza (Chmielewski and
Romanow, 2015). There is also evidence for serpentinite min-
ing from the Gogotéw-Jordanéw Massif at Jariska Goéra by the
people of the Funnel Beaker culture. The raw material was used
at the site at Janéwek and Tomice during the late phase of the
culture (dated from ~4400 to 2600 BC; Baldia et al., 2008), only
~1.6 km from the source (Wojciechowski, 1983). These sites
were found to contain a large quantity of semi-finished artefacts
and a large volume of waste, including conical products after
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shafthole perforation. The use of this raw material is also as-
sumed for the CWC period (Wojciechowski, 1988). Majerowicz
et al. (2000) reported, based on a petrographic study of archae-
ological collections from Polish Lower Silesia, that 84 serpentin-
ite tools originated from the Gogotéw-Jordanéw Massif, three
from the Braszowice-Brzeznica source and one from the
Szklary Massif, among the sum of 117 artefacts studied. The
occurrence of serpentinites from the Gogotéw-Jordanéw Mas-
sif in Lower Silesia towards Upper Silesia and the western part
of central Poland was described by Skoczylas et al. (2000), who
investigated the usage of the serpentinite by the CWC, as well
as by the Funnel Beaker culture and Danubian Neolithic cul-
tures.

No evidence has been found of prehistoric mining in other
serpentinite massifs on the southern edge of the Sowie Gory
Block and east of it (the Braszowice-Brzeznica and Szklary
Massifs). The artefacts from Lower Silesia show microstruc-
tures comparable with serpentinites adjacent to the northern
and southern part of the Sowie Gory Block and from the
Gogotéw-Jordanéw Massif especially (Majerowicz et al., 2000).
The Gogotéw-Jordanéw and Braszowice-Brzeznica Massifs
represent easily accessible resources and they often yield a
high quality raw material for the manufacture of perforated tools
(having massive structure). The Szklary Massif is composed
mainly of weathered, disrupted rock, which is not suitable for
the manufacture of perforated tools.

Jizera Mountains Piedmont (western Lugicum).
Ultrabasic rocks occur in the vicinity of Zelezny Brod in the
Jizera Mountains Piedmont that form a part of western Lugi-
cum. The Zelezny Brod crystalline complex is situated in the
SW margin of the KrkonoSe-Jizera crystalline unit and consists
mostly of volcano-sedimentary formations, metamorphosed to
greenschist, phyllite, quartzite phyllite with inserts of marble and
chlorite phyllite. Serpentinized ultrabasic rocks occur as elon-
gated bodies in rocks of the crystalline complex. The ultra-
basites have been described under various names; currently,
they are interpreted as komatiites and meimechites. Using the
IUGS classification, the afore mentioned rocks are in agree-
ment with all parameters of “high-Mg” volcanic rocks and their
low TiO, content (~1%) puts them on the komatiite-meimechite
boundary (Fediuk, 2006).

These serpentinized ultrabasic rocks occur near the large
mining field of metabasites which extended across Central Eu-
rope in the Neolithic period (Pfichystal, 2002; Srein et al., 2002).

Bernstein (Penninic Bernstein Window, Eastern Alps).
Serpentinites occur in the Penninic Bernstein Window, which is
located in the central part of the Burgenland. The polymeta-
morphic rocks belong to the Biindnerschiefer series and consist
of Mesozoic ophiolite remnants, as well as various metase-
dimentary rocks (Koller, 1985; Dunkl and Demény, 1997). The
schists are mainly calc-schists associated with metadiabases
and serpentinites (Trimpy, 1988). The serpentinites of Bern-
stein show different levels of serpentinisation, ranging from
partly serpentinized peridotites to fully serpentinized rocks.
Some of them are lizarditic serpentinites with pseudomorphic
microstructures and some are antigoritic serpentinites with in-
terlocking microstructure (Bernardini et al., 2010).

Serpentinites from the Bernstein area were probably used
in the Neolithic and Eneoalithic periods (Prichystal, 2013). Hun-
garian authors (Bir6 and Szakmany, 2000; Szakmany et al.,
2001) consider these serpentinites to be the raw material
source of polished tools in the adjacent part of Hungary. Local
using of serpentinites in the Neolithic/Eneolithic periods of Aus-
tria has been described also from Upper Austria Gromer
(2002), southern part of the Moldanubicum from the geological
point of view.

Western Moravia — the Moravian Moldanubicum.
Serpentinites occur as moderately common isolated bodies
within the Gféhl Unit. In the vicinity of JeviSovice there are
serpentinites containing abundant siliceous material (opal,
chalcedony, green variety of chalcedony called plasma) con-
centrated at the surface and indicating very strong weathering
of surface outcrops. The Jihlava River cuts through two larger
serpentinite bodies at Mohelno and HrubSice. These two large
tectonically affected serpentinite-massifs occur in the Nameést-
Moravsky Krumlov granulite (Némec, 1937; Hejtman, 1962;
Bernard et al., 1981).

The eastern part of the Mohelno Massif is characterized by
alternations of serpentinized garnet peridotites and granulites.
By contrast, the non-garnet type is typical of the western part
(Bernard et al., 1981). According to Némec (1937), the massif
contains also several different types of primary rocks (dunite,
Iherzolite, amphibole-peridotite, olivine-gabbro).

The eastern margin of the HrubSice Massif with the
Boskovice Furrow was tectonized. According to Hejtman (1962)
the HrubSice Massif is composed of non-garnet serpentinite
with magnesite. The HrubSice serpentinite shows a well-pre-
served weathering crust, unlike the Mohelno Massif. Magne-
site, sepiolite, opal, chalcedony and its green variety (plasma)
are known as the weathering products. The occurrence of opals
is conditional on the contact of serpentinite and granulite. The
plasma can be found south of the Jihlava River west of
Hrubsice and in the vicinity of Biskoupky and Nova Ves (Mrazek
and Rejl, 1991).

In the Neolithic period, the chipped stone industry is known
for the colourful siliceous weathered products of serpentinites
from the vicinity of JeviSovice (Prichystal, 1984). It cannot be
excluded that fresh serpentinite rocks were known to the people
in the Neolithic period and this could occasionally have been
used as the raw material for polished tools. Mining of magnesite
and sepiolite is known from the HrubSice Massif on the bank of
the Jihlava River from the late 19th century. There is an active
quarry named “U Pustého Mlyna” on the right bank of the
Jihlava River where the serpentinite has been recently quarried
for crushed stone (Mrazek and Rejl, 1991).

MATERIAL AND METHODS

The serpentinite tools and samples of raw materials from
potential sources have been examined macroscopically, and by
stereo-microscope and polarizing microscope, kappameter,
electron-microprobe and destructive ICP and non-destructive
ED-XRF spectrometry.

Fourteen serpentinite tools from various Moravian sites
were analysed (Table 1). Four thin-sections from the battle-
-axes found at the Jezkovice, Brno-Stary Liskovec, Prosté&jov,
and Zdétin sites were prepared. All of the samples relate to the
CWC period. The tools were classified based on their macro-
scopic features into two groups (Group 1 and Group 2). Twenty-
-eight serpentinite samples from various potential sources (Ta-
ble 2) were examined to compare them with the material of the
battle-axes. A map of the archaeological localities and raw ma-
terial sources is shown in Figure 2.

The chemical and petrological data was supported by
non-destructive techniques used by archaeologists routinely
(ED-XRF spectrometry and magnetic susceptibility measure-
ments). Mineral abbreviations in tables, figures and in the text
were taken from Whitney and Evans (2010).

Four polished thin-sections from the battle-axes and 26 pol-
ished thin+sections from the potential sources were examined
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Table 1
Overview of the serpentinite tools studied and analytical methods used
Archaeological site Sample no. Analytical methods Group Inventory no. Deposition
Zdétin 256 EMPA, XRD, XRF, MS 1 006086 (Dp15)
Syrovice 257 XRD, XRF, MS 1 | 006083 (Dp12) M“SEUPT a?vq Gallery
Prost&jov 258 EMPA, XRD, XRF, MS 1 006598 osteov
Brno-Stary Liskovec 259 EMPA, MS 2 303992 Brno City Museum
Jezkovice 260 EMPA 1 A2930 Museum Vyskov
47 XRF, MS 1 Without inv. no.
Prusinovice 48 XRF, MS 1 Without inv. no.
178 XRF, MS 1 51893
Drevohostice 23 XRF, MS 1 92883
VeleSovice 157 XRF, MS 2 17789/1-60/85 Moravian Museum
Blazice 63 XRF, MS 1 51844
Bosklvky 65 XRF, MS 2 51827
Kostelec near HoleSov 77 XRF, MS 1 131
Zlobice 105 XRF, MS 1 52368
Table 2

Overview of the serpentinite samples studied from the potential source localities and of the analytical methods used

Area Locality Geological Setting Sample no. Analytical methods
Tapadia 1 EMPA ICP, XRD, XRF, MS
Tapadta Tapadta 2 EMPA, ICP, XRD, XRF, MS
Tapadta 3 EMPA, ICP, XRF, MS
. . Janska Gora 1 EMPA, ICP, XRF, MS
Janska Gora - -
Gogo}éw_‘]o-rdanéw Janska Goéra 2 EMPA, XRF, MS
Wiry Massif Wiry 1 EMPA, XRF, MS
Wiry 2 EMPA, ICP, XRD, XRF, MS
Lower Silesia Gogotow Gogotéw EMPA, ICP, XRD, XRF, MS
Jordanow Jordanow EMPA, XRD, XRF, MS
Sobdtka Sobotka EMPA, XRF, MS
Braszowice ) o Braszowice EMPA, ICP, XRD, XRF, MS
Brsesnica Braszowice-Bizeznica | Brzeznica 1 EMPA, ICP, XRD, XRF, MS
Brzeznica 2 EMPA, MS
. Szklary 1 EMPA, ICP, XRF, MS
Szklary Szklary Massif Szklary 2 EMPA, XRD, XRF, MS
Bernstein 1 EMPA, ICP, XRF, MS
. Penninic Bernstein Bernstein 2 EMPA, ICP, XRD, XRF, MS
Central Burgenland Bernstein Window Rumpersdorf EMPA. XRD, XRF. MS
Bienenhutte EMPA, XRD, XRF, MS
LouZnice EMPA, ICP, XRD, XRF, MS
i i icini . LouZnice-RadcCice EMPA, XRF, MS
leelgeiie’\c/ilﬁttj)rlgttams Of-rzhe?e\gﬁl)'?lé)ll‘od Western Lugicum Kli¢nov EMPA, XRF, MS
AlSovice EMPA, XRF, MS
HrubSice EMPA, XRF, MS
HrubSice Massif | Biskoupky (Kll%glggg?(’htlegrg%’relws
Western Moravia Mohelno Massif Mo'}fj%rr?t}/l;?gum Mohelno ICP froKna(Ij%%glt(%r\(/eé(’laugd?ézlga’s'alé 1965;
Gféhl Unit — Cernin EMPA, ICP, MS
JeviSovice district Bojanovice EMPA, MS

using a Cameca SX-100 electron microprobe at the Joint Labo-
ratory of Electron Microscopy and Analysis of the Department
of Geological Sciences at the Faculty of Science, Masaryk Uni-
versity and the Czech Geological Survey. The conditions of the
WDX measurements were: accelerating voltage of 15 kV,
beam current of 10-20 nA and beam diameter 1-5 um. Natural
minerals and synthetic phases were used as standards. The

raw data were reduced using PAP matrix corrections (Pouchou
and Pichoir, 1985). The crystal-chemical formulae of spinels
were calculated and normalized to 3 cations and 4 oxygen at-
oms whereby Fe was split to Fe** or Fe?" based on stoichio-
metry. The crystal-chemical formulae of amphiboles were ob-
tained based on 24 anions, where (Oz‘ +OH +F) =2, assum-
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D potential sources
@ Group 1 (tools)
() Group 2 (tools)

Fig. 2. Map of the archaeological sites and raw material sources (based on the map from
the website: Mapy.cz 2017), modified to show localities

Potential sources: 1 — Gogotéw-Jordanéw Massif, 2 — Szklary Massif, 3 — Braszowice-BrzeZnica Mas-
sif, 4 — Penninic Bernstein Window (Bernstein, Rumpersdorf, Bienenhiitte), 5 — Western Lugicum
(Louznice, Louznice-Radcice, AlSovice, Kli€nov), 6 — Mohelno Massif, 7 — HrubSice Massif, 8 — Gfohl

Unit (JeviSovice district)

ing that all Fe is divalent. The chemical compositions of the spi-
nels and amphibole are given in Appendix 2*.

The bulk-rock chemistry of pulverised samples was deter-
mined at the Bureau Veritas, Vancouver, Canada (formerly
ACME Laboratories) using the ICP-ES after melting with lithium
borate. Trace elements were analysed by the ICP-MS following
a lithium tetraborate fusion. For comparison with the tools, only
a limited number of elements can be determined, as only
non-destructive methods could be used for the tools.

The powder X-ray diffraction (XRD) technique was used to
determine mineral composition of the samples with respect to
serpentine group minerals. Three bulk tools and 13 pulverised
samples of serpentinites from source localities were analysed.
XRD analyses were performed using a Rigaku Smartlab
diffractometer with a parallel beam (bulk samples) and Bragg-
-Brentano (powder samples) 6-6 reflection geometry. Ni-fil-
tered Cu radiation (AK,, = 0.15418 nm) was used. The tube was
operated at 40 kV and 30 mA. An angular range of 5-80° 26
was measured. A step size of 0.02° 26 and time per step of 1 s,
which produces a total scan duration of 3750 s, was used. The
data obtained were evaluated with the help of the Panalytical
High Score 3 Plus software. The quantitative phase analysis
was performed by the Rietveld method. Crystal structure mod-
els from the ICSD 2012 database were used.

For the non-destructive measurements of tools and rock
samples, a DELTA ED-XRF spectrometer with a 40 kV tube
and Si-PIN detector was used. The device was calibrated with a
stainless steel calibration reference coin before the measure-
ment. The measurements were made using the analytical Soil
Geochem mode, which is able to analyse elements from trace
amounts to high concentration levels. The duration of the mea-
surement was set to 90 s.

The magnetic susceptibility (MS) was measured using a
portable KT-5 kappameter. Each sample was subjected to six
independent measurements, the average value of these was
then calculated. The resulting average was the measured mag-
netic susceptibility. The TCF of Williams-Thorpe et al. (2000)
was applied.

RESULTS

MAGNETIC SUSCEPTIBILITY

The average value of both Group 1 and Group 2 varies
around 40 x 10°% Sl units. The tools from Group 1 show a wider
range of MS values while the tools from the Group 2 show a

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1437
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lower variability of MS values. The higher values (53-71 x 10~
S| units) of MS were obtained from the tools from Syrovice,
Blazice, Prusinovice (Group 1) and BoskCvky (Group 2).

Samples of serpentinites from potential sources in SW Po-
land have greater scattering of MS values (average 28-35 x
107 SI units). Lower values (2024 x 10 SI units) were
yielded by samples with a weathered surface (Wiry, Sobdtka,
Jordanéw). Higher values of MS (57—69 x 10~ S| units) were
measured on the samples from Jarniska Gora and BrzeZnica.

Sources from Central Burgenland have generally lower val-
ues of MS (21-25 x 1072 Sl units), being only rarely significantly
higher (53 x 107 Sl units). The serpentinites of the Zelezny
Brod crystalline unit (Jizera Mountains Piedmont) are charac-
terized by predominantly very high values of MS (average 57 x
1072 SI units).

The Moldanubian serpentinites from the JeviSovice area
have the lowest values of MS of all samples measured (aver-
age 7 x 107 Sl units). Similarly, the values of the sources from
around HrubSice and Mohelno have relatively very low MS (av-
erage 11 x 107® S| units). The results of the basic statistical
analysis from different raw material outcrops and tools are
shown in Figure 3 and in Appendix 1.

PETROGRAPHY AND MINERAL CHEMISTRY

Based on macroscopic examination, the serpentinite tools
were divided into two different groups and compared with each
other. The typology of the individual tools and the occurrence of
selected types (e.g., the so-called Sleza type) in the vicinity of
potential sources were also taken into account.

Group 1. The group comprises battle-axes from Zdétin,
Syrovice, Prostéjov, Jezkovice, Prusinovice, Drevohostice,
Blazice, Kostelec u HoleSova and Zlobice. The battle-axes from
Prostéjov (Fig. 4A), Drevohostice (Fig. 4B), Prusinovice no.
178, Jezkovice, Kostelec u HoleSova and Zlobice have a simple
shape in plane view with convex sides, while in side view they
are trapezoid (Prostéjov, Dfevohostice, Prusinovice no. 178),
biconvex (JeZkovice), planoconvex (Kostelec u HoleSova) or
rectangular (Zlobice). The battle-axe from Prusinovice no. 178
has a damaged edge (Sebela, 1999). The battle-axe from
Zdétin (Fig. 4C) is of pentagonal shape with facets in the butt

part in plan view. The battle-axe from Blazice has a simple
shape broken at the bore with a secondary bore and the bat-
tle-axe from Syrovice is convexly bent with a downward ex-
tended edge and has a bore made from both sides situated
near the butt (Sebela, 1999). The battle-axes from Prusinovice
nos. 47 (Fig. 4D) and 48 are so-called battle-axes of the Sleza
type with footing. Battle-axe no. 47 is decorated (Sebela, 1999).

This group includes most of the tools with a greenish to dark
grey patina on the surface. The structure is generally massive,
sometimes with darker spots on the surface that may indicate
foliation. The surface of the tools was often patinated, with slight
crumblings tinted with limonite.

Group 2. The group comprises battle-axes from Brno-Stary
Liskovec, VeleSovice and Boskdvky. The battle-axes from Brno-
Stary Liskovec (Fig. 4E) and VeleSovice (Fig. 4F) have arch-like
thickening in place of a bore in plan view with a rectangular
cross-section in side view (Sebela, 1999). The battle-axe from
Boskivky has a simple shape with facets on the walls of the
borehole, with traces of boring from both directions (Sebela,
1999).

The surface of these tools is shiny with solid grey-green to
green-black hues, occasionally with a whitish-grey colour. The
rock structure is massive or with thin darker streaking parallel to
foliation. Slight crumblings tinted with limonite are developed on
the surface of the battle-axe from Boskdvky.

POTENTIAL SOURCE REGIONS

Lower Silesia. Fresh rocks from the Gogotéw-Jordanéw
and Braszowice-Brzeznica Massifs are spotted (Fig. 5B, D—F),
green to green-black with dark streaks parallel to foliation, and
with macroscopically visible grains of magnetite in places. Where
weathered, the surface is greenish grey-white with limonitic
patches, caused by the staining of small crumblings on the sur-
face by limonite (Fig. 5A, C). The rock-structure is massive.

The raw material from Gogotéw-Jodanéw Massif and
Braszowice-Brzeznica Massif looks similar using the polarizing
microscope. The composition of the serpentinites from the
Szklary Massif varies more in comparison. The rocks that form
Szklary Massif yield poor-quality raw material, heavily weath-
ered and usually tend to crumble due to pronounced tectonic
disturbance. The rocks have a reddish surface cov-
ered by secondary minerals.

ED

Value of M5 (2107 82 unity
an

Fig. 3. Box plot of the magnetic susceptibility values of the raw

materials from the potential sources and tools

1 — Lower Silesia, 2 — Western Lugicum (Jizera Mountains Piedmont), 3 —
Penninic Bernstein Window, 4 — HrubSice and Mohelno massifs, 5 — Gfohl
Unit (JeviSovice district), 6 — tools of Group 1, 7 — tools of Group 2

Jizera Mountains Piedmont (Western Lugi-
cum). Dark green-black to dark grey-green rocks with
massive structure, in which macroscopic pyroxene
phenocrysts (up to 5 mm) can be observed, were
found in the vicinity of Zelezny Brod in the municipali-
ties of Louznice, AlSovice and Kli¢nov. Pyroxenes
commonly compose up to one quarter of the total vol-
ume of the whole rock.

Bernstein (Penninic Bernsten Window, East-
ern Alps). The serpentinites are dark green with no-
table splinter facets of relic pyroxenes. Their structure
is usually massive. Primary mineral relics or their
pseudomorphs and a lower content of spinels are typ-
ically present.

Western Moravia — the Moravian Moldanubi-
cum. The colour of the serpentinites from HrubSice
ranges from dark green-black to grey-green. The grey-
-green varieties contain grains of pyroxenes observ-
able to the naked eye. Black grains of spinel with a me-
tallic lustre and grains of rhombic pyroxene are visible
macroscopically and the rock bears massive structure.
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Fig. 4. Tools of Group 1: A — Prostéjov, B — Zdétin, C — Dfevohostice, D — Prusinovice (no. 47);
tools of Group 2: E — Brno-Stary Liskovec, F — VeleSovice
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Fig. 5. The raw material from the Gogotéw-Jordanéw Massif

A — Tapadta — patinated surface, B — Tgpadta — fresh surface, C — Janiska Géra —
patinated surface, D — Janska Gora — fresh surface, E — Gogotow — patinated
surface, F — Gogotéw — fresh surface

The serpentinites from the Mohelno area are dark green to
greenish-black. The rocks are obviously tectonically affected
and strongly serpentinized. Their structure is massive. The
microstructure is typically mesh-like. Serpentinites from the en-
virons of JeviSovice are pale green on the surface, brown-
ish-coloured locally (by extruded red iron-oxides) or dark green
on the fresh surface. The rocks show intense tectonic disrup-
tion, which has caused cubiform disintegration.

The major mineralogical and petrographic data of the tools
and of the raw material from the potential serpentinite sources
is summarized in Table 3.

The raw materials of the tools from Group 1 often show a
lepidoblastic and mesh-like microstructure when viewed using
polarizing microscopy. The mesh-like microstructure is formed
by minerals of the serpentine group, often with no relics of pri-
mary minerals except of the original pyroxene and olivine.
Pseudomorphs are often filled with opaque minerals, which fol-
low the original mineral cleavage (Fig. 6A). Red-brown grains of
the lobe- or finger-shaped spinels are frequent (Fig. 6B), and
carbonates are present occasionally. Large primary spinels,
pseudomorphs filled with opaque minerals and locally present
carbonates are typical of both groups. A mesh-like micro-
stucture with no relics of olivines was observed in all samples

from the Gogotéw-Jordanéw Massif (Fig. 6C). They contain lots
of pseudomorphs filled with opaque phases, large lobe- or fin-
ger-shaped spinels (Fig. 6D), rarely carbonates and no pyrope.
In the serpentinites from Western Lugicum, the Penninic Bern-
stein Window and Moravian Moldanubicum, relics of olivine, py-
roxenes and secondary amphibole were observed (Fig. 6E, F).
The pseudomorphs filled with opaque minerals were found
using EMPA in both of the tool Groups and in the raw material
from the Lower Silesia (Fig. 7A, C). Also, large zoned primary
spinels (Fig. 7B, D) and rarely carbonates are present. The
classification of spinelides was taken according to Stevens
(1944) as shown in the diagram of trivalent cations (Fig. 8). The
primary spinels are strongly zoned. Two to three distinctive
zones of different chemical composition were identified in
zoned spinelides in both groups (Figs. 8 and 9). The content of
Fe** predominates (74—-97 mol.%) at the periphery of grains rel-
ative to Cr content (3—24 mol.%) corresponding to Cr-magne-
tite. A comparable proportion of Fe and Cr (41-59 mol.%) was
found in the transitional zone corresponding to Fe-chromite.
The cores of grains are enriched in Al (39-55 mol.%) which cor-
responds to Al-chromite and Cr-spinel. Magnetite (72—99
mol.%) is the dominant component in unzoned secondary
spinelides corresponding to Cr-magnetite. Significant zonation
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Table 3
The major mineralogical and petrographic data of the tools and of the raw material from the serpentinite outcrops
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Group 1 _ cross Atg + Ctl X Mag, Dol X X
filamentous
Group 2 mesh-like Atg + Ctl X X Mag, Dol Tr X X
Jorcgcr)l%(c\tél\\;lve-lssif mesh-like Atg * Lz X +Cal, Mag X X
BrEergﬁizcanl\I/(I:gésif mesh-like Atg * Lz X X | x| x
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< : mesh-like;
HrubSice Massif latticed Atg Ol, Opx X X Cal, Dol | Ath, Ged | X X
Mohelno Massif mesh-like Atg £ Ctl | Ol, En, Di X Tr X X Grt
Gfohl Unit ;
(JeviSovice district) mesh-like Atg Ol X Mag, Cal X x|x Ap

Ap — apatite, Atg — antigorite, Ath — anthophyllite, Aug — augite, Cal — calcite, Ctl — chrysotile, Czo — clinozoisite, Di — diopside, Dol — dolomite,
En — enstatite, Ged — gedrite, Grt — garnet, lIm — ilmenite, Lz — lizardite, Mag — magnetite, Ol — olivhe, Opx — orthopyroxene, Prg — pargasite,

Tlc — talc, Tr — tremolite, Ttn — titanite, Zrn — zircon

of spinelides was found in the raw material from Lower Silesia.
The cores of spinelide grains from the Gogotéw-Jodanéw and
Braszowice-Brzeznica massifs have a high content of Al bound
to the spinel component (46-58 mol.%) corresponding to Cr-
-spinel, in places to Al-chromite (Fig. 8). The content of Cr sig-
nificantly increases in the transitional zone, binding to the chro-
mite component (39-80 mol.%) which corresponds to Fe-chro-
mite. The periphery of zonal spinelides consists mainly of Fe
bound to the magnetite component (77-100 mol.%) corre-
sponding to Cr-magnetite. Secondary spinelides, often devel-
oping along the shear planes, approach the composition of
pure magnetite, with traces of Cr, Mg, and Ni. The chemical
composition and zonation of spinelides from the Gogotow-
-Jodanéw and Braszowice-BrzezZnica massifs can be seen in
diagrams of #Mg = Mg/(Mg + Fe™?) vs. #Fe* = Fe*/(Cr + Al +
Fe*) and #Mg vs. #Cr = Cr/(Cr + Al) in Figure 9. The spinelides’
composition varies directionally from the core to the periphery.
In the Szklary Massif, no zonation of spinels was found. The
magnetite component is predominant (75-81 mol.%) in the
measurable spinels. A relatively balanced ratio of magnetite
(34-65 mol.%) and chromite- (20—-39 mol.%) and spinel- com-
ponents in the cores (up to 20 mol.%) was found in the
spinelides from serpentinites of Western Lugicum (Figs. 8 and
9). By contrast, the magnetite component (97-99 mol.%) pre-
dominates at the periphery of spinelide grains. Moreover, con-
tents of Ti are elevated (0.07-0.15 apfu). The magnetite com-
ponent prevails almost entirely (97-99 mol.%) in secondary
spinelides. Zonation was found also in primary spinelides from
the serpentinites of Central Burgenland (Figs. 8 and 9). The
rims of spinelide grains are Fe-rich (96-99 mol.%) relative to

Cr-content (1-4 mol.%) in contrast to Cr-enriched cores (47-49
mol.%), while the Fe- and Al-contents ratios are close (25-27
mol.%). The magnetite component predominates in unzoned
secondary spinelides (93-99 mol.%). Zoned spinelides are
present in the serpentinites from the JeviSovice area. The mag-
netite component predominates in the unzoned secondary
spinelides (99-100 mol.%), corresponding to Cr-magnetite and
in primary spinelides Cr predominates (43—65 mol.%), corre-
sponding to Al-chromite. A different type of zoned spinel was
found in the serpentinites from HrubSice. The content of Al pre-
dominates in the cores (71-75 mol.%), corresponding to Cr-
-spinel. The content of Fe is dominant at the periphery of zoned
spinelides (92 mol.%), thus placing it within Al-magnetite.

Primary amphiboles were identified using EPMA only in the
raw material of the tool from Brno-Stary Liskovec among the
tools studied (Group 2). The composition of the amphiboles cor-
responds to Ca-amphiboles (tremolite) shown in Figure 10.
Fe-Mg-Mn amphiboles (antophyllite) and Ca-amphiboles
(tremolite) were found in the serpentinite of the Szklary Massif.
Primary pyroxenes (diopside, augite) and secondary calcic am-
phiboles (tremolite-pargasites) were detected in serpentinites
from the Jizera Mountains Piedmont. No measurable relics of
primary minerals were found in serpentinites from the Bernstein
area (Fig. 7E). Ca-amphiboles (pargasites) were identified in
the serpentinites from the JeviSovice area (Fig. 7F). Serpenti-
nites from HrubSice contained secondary Fe-Mg-Mn amphi-
boles corresponding to the anthophyllite-gedrite series. The
chemical composition of amphiboles from the raw materials of
the tools and of the sources can be found in Figure 10 and Ap-
pendix 2.
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Fig. 6. Rock microstructures of the battle-axe from Prostéjov and the samples from
the potential raw material sources in thin-section

A, C — pseudomorphs after primary minerals filled with opaque minerals (A — battle-axe from
Prostéjov; C — Janska Gora in the Gogotow-Jordanéw Massif); B, D — zoned spinels (B — bat-
tle-axe from Prost&jov; D — Tgpadta in the Gogotéw-Jordanéw Massif); E — relic of primary min-
eral (Bernstein 1 in the Penninic Bernstein Window); F — rock microstructure (Bojanovice in the
Gfohl Unit, JeviSovice district); Mag — magnetite, Spl — spinel, Srp — serpentine

BULK-ROCK CHEMISTRY (ICP, XRF)

After comparing results obtained from both the ICP- and
XRF-methods, a good degree of conformity was found among
selected elements and is documented in the plot in Figure 11.
The samples from Lower Silesia and the tools’ raw material of
both Groups were Mg-rich [Mg/(Mg + Fe') = 75-87 wt.%]. Sam-
ples from Western Lugicum were Fe-rich [Mg/(Mg + Fe') =
55-61 wt.%)]. Serpentinites from western Moldanubicum were
generally Mg-richer [Mg/(Mg + Fe') = 73-80 wt.%] and raw ma-
terial from Bernstein Window was predominantly Fe-rich
[Mg/(Mg + Fe') = 57—63 wt.%], the exception being the sample
from Bernstein 2 [Mg/(Mg + Fe') = 76 wt.%)]

.Major oxide and selected trace elements (Ni-, Zr- and
Sr-concentrations) of the potential source localities are given in
Appendix 3.

XRD ANALYSES

The comparison of diffraction patterns is given in Figure 12.
The XRD was performed on the surfaces of the bulk tools,
which were patinated. The main goal of XRD analysis was to
indentify serpentine mineral group species and to quantify their

contents. The battle-axes are made of antigorite serpentinites.
All the samples analysed contained various quantities of anti-
gorite. In the samples from Braszowice, Tgpadta 2, LouZnice
and Bernstein 2, lizardite was also present. In these samples,
lizardite was always less abundant that antigorite. The total con-
tents of serpentine minerals ranged from 25.8% (Louznice) —
99.9% (Tgpadta 2). The individual contents of serpentine group
minerals are given in Figure 13. An overview of quantitative
phase analysis is shown in Appendix 4.

DISCUSSION

MOST PROBABLE PROVENANCE
OF THE STONE TOOLS

The macroscopic appearance of the tools of Group 1 corre-
sponds to the raw material from Lower Silesia (patina with slight
crumblings tinted with limonite on the surface, massive struc-
ture). Group 2 also features similar to those of the raw material
from SW Poland. The tool raw material of Group 1 (Fig. 4A-D)
is macroscopically quite similar to the raw materials of the locali-
ties Tgpadta and Janska Gora from the Gogotow-Jordanéw
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Fig. 7. Back-scattered electron (BSE) images of rock microstructures
of the battle-axe from Prostéjov and of samples from the potential
raw material sources

A, C — pseudomorphs after primary minerals filled with opaque minerals (A — bat-
tle-axe from Prostéjov; C — Janska Géra in the Gogotéw-Jordanow Massif); B, D
— zoned spinels (B — battle-axe from Prostéjov; D — Tgpadta in the Gogotow-
-Jordanow Massif); E, F — rock microstructure (E — Bernstein 1 in the Penninic
Bernstein Window; F — Bojanovice in the Gféhl Unit, JeviSovice district); Chl —
chlorite, Chr — chromite; scale bar = 200 ym
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Massif (Fig. 5A-D). The tools of Group 2 (Fig. 4E, F) are similar
to the raw material from Gogotéw in the Gogotéw-Jordanow
Massif (Fig. 5E, F). Kufel-Diakowska and Skuta (2015) de-
scribed a stone shaft-hole axe from the younger phase of the
CWC, found in a grave at Brozec. The shaft-hole axe described
is macroscopically identical to the raw material of Group 1. This
type of raw material is in the author’s considered view typical for
the region of southern Poland. In the case of battle-axes nos. 47
and 48 from Prusinovice, the provenance is supported by the ty-
pological likeness to the battle-axe of Sleza type.

A

Fig. 8. The zonation of the spinelides from the potential raw ma-
terial sources (triangles) and both tool Groups (crosses) in the
diagram of trivalent cation ratios (according to Stevens, 1944,
edited)

1 — Prostéjov, 2 — Zdétin, 3 — Jezkovice, 4 — Brno-Stary Liskovec, 5
— Gogotoéw-Jordandéw, 6 — Braszowice-Brzeznica, 7 — Szklary, 8 —
Western Lugicum (Jizera Mountains Piedmont), 9 — Penninic
Bernstein Window, 10 — HrubsSice and Mohelno massifs, 11 — Gfohl
Unit (JeviSovice district)
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Fig. 9. Compositional variations of the spinelides from the po-
tential raw material sources and both tool Groups in the dia-
gram A — #Mg vs. Fe®*/(Cr + Al + Fe*") and B — #Mg vs. #Cr

For other explanations see Figure 8
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Fig. 11. The bulk-rock chemistry of the raw materials from the
potential source areas (triangles — ICP data, squares — XRF
data) and of the raw material of the tools from Groups 1 and 2
(crosses)

A — plot of wt.% SiO, versus ratio Mg/(Mg + Fe'); B — plot of wt.%
Cr,03 versus Fe;0; 5-7 — Lower Silesia (Gogotow-Jordanow,
Braszowice-Brzeznica and Szklary massifs), 8 — Western Lugicum
(Jizera Mountains Piedmont), 9 — Penninic Bernstein Window, 10 —
HrubSice Massif (HrubSice, Biskoupky; Kudélasek, 1965), 11 —
Gfohl Unit (JeviSovice district), 12 — Mohelno Massif (Kudélasek,
1965; Kudélaskova, 1972). Colours of ellipses correspond to
colours of potential sources used in the legend (5, 6, 7 — green, 8 —
azure blue, 9 — blue, 10-12 —red)
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Fig. 10. Composition of amphiboles from the
potential raw material sources and from the
tool from Brno-Stary Liskovec in the classifi-
cation diagram of amphiboles (Hawthorne et
al., 2012, edited)

A — Ca-amphiboles; B — Fe-Mg-Mn
amphiboles; for other explanations
see Figure 8

. X Group 1
X Group 2
80 + ]
~ mAS56,7
® & mAS8
27 maAO
2. ma10
A 1M
% A 12
55 —
50 + r T T 1
15 25 35 45 55
B Sio,
0.6
0.5 A }
0.4 }AA/Q
5 OA A
Q03 4
3 m [
0.2 +
X
0.1
0.0 +——@— I
0 5 10 15 20



574

P. Frybova, P. Gadas, A. Pfichystal, D. VSiansky, R. Hadacz and P. Hlavsa

Atg

150000

140000

130000

120000

DB WN-=

110000

100000

80000

80000

70000

Lin (Counts)

60000

50000

40000

30000

20000

10000

" p"‘

PETRRTETE [RRTAITETI FUTY RTNT FRNTARTL IRV (RNT FATHINUT FATHA RYRTE PRTHIUUTY AYRTE PRTHY IYUTE FUYYY RYUTE PUTRU (RRTU AYUTA [RUUAIYUNY VUTH IOUTA (ANTAIUTIOOUTA

b e ) , S § ,«'\mh___N‘M___,/ K

100000

] Lz

E Atg
] et |
90000 » _—2
f‘ '3
Lz ,Chl > ;]

= Xy

80000 ?‘( \?‘:-Q’ ¥ 2

70000

Lo b bvnn biaaa i

60000

50000 :

20000
30000 3
20000

10000

ETRE RN SNET

0 | FRN R T S N R N S RN S R N B e N S N N S R N S N R M My e |
T T T T T T

10 20 30

2-Theta - Scale

2-Theta - Scale

Fig. 12. Comparison of XRD-data of the tools and the potential raw material sources

A — serpentinite battle-axes and sources from Lower Silesia; potential sources: 1 — Gogotéw-Jordanéw Massif, 2 — Braszowice-
-Brzeznica Massif, 3 — Szklary Massif; tools: 4 — Zdétin, 5 — Syrovice, 6 — Prostéjov; B — serpentinite battle-axes and sources from
the Penninic Bernstein Window and Western Lugicum; potential sources: 1 — Western Lugicum (Jizera Mountains Piedmont), 2 —
Penninic Bernstein Window; tools: 3 — Zdétin, 4 — Syrovice, 5 — Prostéjov

Comparison of the values of magnetic susceptibility (MS)
obtained from the both tool Groups and the raw materials from
the potential sources supports the provenance of the tools’ raw
material being in Lower Silesia. The higher values obtained on
some tools (Syrovice, Blazice, BoSklivky) also occur in some
raw material from Lower Silesia (Janska Gora, Brzeznica). The
Moldanubian sources have relatively low magnetic susceptibil-
ity compared with the raw material of the tools. The serpenti-
nites from the Jizera Mountains Piedmont have a predominatly
higher MS and sources from Central Burgenland have gener-
ally lower values of MS than the tools of both Groups.

On the basis of the petrography and mineral chemistry,
there is an evident similarity in the raw material of Groups 1 and
2 to the raw material from Lower Silesia. The strong serpentini-
sation, low content of relics of primary minerals, pseudomorphs
filled with secondary spinels and the occurrence of zoned spi-
nels in the raw material of both tool Groups are similar to the
sources from Lower Silesia. The zoned spinels show up to
three zones of different composition, where chromite or even
spinel components increase towards the core, and conversely
the magnetite component grows towards the periphery. The
zonation of the spinelides of the Group 2 spinels is less distinct
and rather diffuse compared to that of Group 1. The raw mate-
rial from Lower Silesia is significantly similar to the raw material
of both Groups in the zonation of the spinelides. The data ob-
tained from spinels of the Gogotéw-Jodanéw and Braszowice-

-Brzeznica massifs and both tool Groups correspond to the
findings of Kadziatko-Hofmokl et al. (2008), dealing with the
mineralogy and magnetism of Fe-Cr spinels from chromite and
dunite lenses at the locality of Tgpadta which occasionally occur
in the serpentinite mass. These conclusions are supported by
comparison with the results of the bulk chemistry from the
sources and tools. As opposed to the raw material of the tool
Groups in the serpentinites from the other probable sources
(Western Lugicum, Penninic Bernstein Window, Moravian
Moldanubicum) primary minerals or their relics are always pre-
served. In the raw material of the tools, measurable relics of pri-
mary minerals were found only in the battle-axe from Brno-
-Stary Liskovec (Group 2). Their composition corresponded to
that of the serpentinites from the Szklary Massif. In serpentini-
tes from the Jizera Mountains Piedmont, primary pyroxenes
were detected. This is consistent with the serpentinites from this
site not matching, as raw material, the tools of Groups 1 or 2; it
is similar for the serpentinites from the JeviSovice area and the
HrubSice Massif in the Moravian Moldanubicum. In the
serpentinites from the Bernstein area, many relics of primary
minerals were detected, which does not correspond to the raw
material of the tools of Groups 1 or 2.

These conclusions from the petrography and mineral chem-
istry are supported by the comparison with the results of the
bulk-rock chemistry from the sources and tools. In the binary di-
agrams it is evident that the tools of both Groups indicate the
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Fig. 13. Contents of serpentine group minerals in three CWC battle-axes from Moravia
(zZdétin, Syrovice, Prostéjov) and in various serpentinite sources of central Europe
(the estimations are based on XRD analysis)

sources in Lower Silesia. By contrast, the sources from the
Jizera Mountains Piedmont and the Bernstein area are signifi-
cantly distinct. The serpentinites from the Moravian Moldanu-
bicum (JeviSovice district, HrubSice and Mohelno massifs) do
not show a significant difference from the sources in Lower
Silesia. Based on the results of the other methods used, it was,
however, established that the tools of neither Groups corre-
spond with these sources. One of the samples from the
Bernstein area (Bernstein 1) has a different chemical composi-
tion (from ICP) than other samples from this area. In the dia-
gram some values of this sample are similar to the values of the
tools, but the results of further analyses (EMPA, ICP, MS) do
not support the possibility of provenance in this area.

In the tools of Group 1 (battle-axes from Prostéjov, Zdétin,
Syrovice) antigorite, magnetite and spinel (in the battle-axe
from Syrovice also calcite) were detected. In the samples of
Lower Silesia, antigorite and magnetite were detected in all
samples and in the samples from Gogotéw and Wiry 2 carbon-
ates (magnesite) were also found. In some samples chlorite,
lizardite and amphiboles were also detected. The samples from
Braszowice and Szklary 2 showed more varied composition
than other samples.

Compared with the tools of Group 1, the samples from
Western Lugicum had a different composition. The main com-
ponents of the samples are chlorite, talc and antigorite. There is
a smaller amount of amphibole, lizardite and dolomite. Acces-
sory calcite and magnetite are also present. The sample
Bernstein 2 also had a different composition, where antigorite,
lizardite, chlorite and magnetite were detected. The other sam-
ples from the Pennninic Bernstein Window (Rumpersdorf,
Bienenhtte) looked somewhat similar to the tools, but the re-
sults of the other analyses used (EMPA, ICP, XRF, MS) does
not support this similarity.

It can be concluded that the mineral composition detected
by XRD analyses (Fig. 12) corresponds with the composition
found by studying thin-sections under a polarizing microscope.
Compared to the composition determined by the study of thin-
sections under the polarizing microscope, in the tools from
Prostéjov and Zdétin, carbonates were found. This could be be-
cause XRD was applied only on the surface of the bulk tools,

not on the pulverised samples. The samples from Lower Silesia
revealed antigorite and antigorite-lizardite serpentinites. Anti-
gorite and antigorite-lizardite is also found at the Bernstein and
LouzZnice sites. The tools were made of antigorite serpentinites.

The most probable source of the raw material of the tools of
Group 1 and Group 2 used by the Corded Ware culture suppos-
edly came from the Gogotow-Jordandw serpentinite Massif in
Lower Silesia. Sources from Western Lugicum and the
Pennninic Bernstein Window can be excluded, based on the
findings of magnetic susceptibility and chemical composition.
The Moldanubian sources can be excluded based on chemical
and petrographic investigation and due to their low magnetic
susceptibility compared with the tools. Other sources seem un-
likely, especially in view of the EMPA analysis. In view of the
EMPA analysis, sources near HrubSice and Mohelno can also
be excluded, due to the pronounced tectonic disruption and low
magnetic susceptibility. Sources in the JeviSovice environs
were characterized by the occurrence of siliceous weathered
serpentinites that were exploited during the Neolithic period.
Their presence indicates the weathering of the rock massif to a
depth of several metres and the impossibility of obtaining
high-quality raw materials directly at the surface. A final com-
parison is shown in the Table 4, which includes the results of the
analyses of the battle-axes of the Corded Ware culture and their
possible provenance.

CONCLUSIONS

Our comparison of serpentinite tools from Groups 1 and 2
with the raw materials of potential source areas is based on
macroscopic and petrographic descriptions, investigation of the
rock-forming minerals using EMPA, determination of chemical
composition and measurement of magnetic susceptibility. It
supports the idea that the place of origin of the raw material
used for the CWC battle-axes found in Moravia lay in Lower
Silesia, SW Poland. For some battle-axes (Prusinovice nos. 47
and 48) this fact is underlined also by the typological links be-
tween the raw material and the battle-axe of Sleza type, docu-



(8 "Bl :¥¥6T) Suanals 01 Buiplodoe s|aulds (U0dIIZ — UiZ ‘@Nuel) — Uil ‘eyjowss) — 1 ‘ofel — 9|1 ‘|aulds — |ds ‘eusefied — Bid ‘sjessuiw Arewnd —
INd ‘auinljo — |0 ‘Aujigndaosns anaubew — SN ‘ausaubew — sB| ‘alaubew — Be ‘eupiezi|— z7 ‘enusw|l — wy| ‘8ywoiyd — 1y ‘81iojyd — [y ‘1outeb — 1o ‘a1pab — pao ‘811181sio) — 04 ‘91
-eISuUa — ug ‘anwojop — |oq ‘apisdolp — Ig ‘81sI0zould — 0z ‘9I0SAIY — 1D ‘Sareuoqes — gD ‘auded — e ‘aubne — bny ‘ajjAydoyiue — Yy ‘eiiobnue — By ‘eurede — dy ‘eujounde — 10y

P. Frybova, P. Gadas, A. Pfichystal, D. VSiansky, R. Hadacz and P. Hlavsa

576

. ‘ Ajleao| ‘nd jo aAISSeW ‘syealls
yisse (Bew) 1ds ‘(1o ‘Bep) ds ool oo . 1S
N h A VY 124 pue sydiowowopnasd ‘|ds rep ‘Aaib-ysniym 18-v¢ Z dnoio
MouBpIOL-MOt0B0S psuoz jod 4L RO * wu< Arewnd padeys-1abuly 10 -8q0] ‘axI-ysaw | ‘Yoe|q-usaib ‘uaaib-Aaib a1mynd
gD AJ[eao] ‘INd 1o Ssaljal ou aAlssew ‘sayored 9Je/\ paploDd
JISSB\ e Fds ‘(ds 1 %mm_\m__w/_fgmm suoz | 'Nd o sydiowowopnasd ‘|dS pauoz Jabire| | onmuowi| yum anym-Aaib €1-01 1 dnois 0 sjooL
moueplor-motobo9 ‘Bep ‘Bry _ 26 us oa 19S uayo ‘|ds Arewnd pauoz padeys-iabuly ‘sjods uaaib yuep ‘euned
W10a F RO F b 10 -2Q0| ‘shojuawell} SS042 10 dYI-ysall Ka1b ylep ‘ysiuaalb
dv ‘(6en) |ds |ds aiydiowouax pauozun Aun Aian w_\,c_wm%mc._mwmmwmﬁmn: (3o1nsIp
aoinouelog ‘ujuia) ‘(yD ‘PepN) |ds pauoz ‘red ‘|[ds pauoz o surelb Ja|ews ‘sjelauiw émm“cv wmcm‘_.m v_‘_mm 92INOSIAS[)
‘sbN F Bid 0N F By >\_MUCOo®w ‘INd Jo saljal ‘axi|-ysasw ‘(aoeyIns) usalb sped nin yeo
(be) |ds ‘(/ds ‘Ben) |ds Arewnd oydiowoinediy o oiydiowoine BAISSeU ‘SallaleA Isse RIARION
Aqdnoxsig ‘ea1sqniH |dS euoz ‘[ed ‘jod ¥ pao l1a|[ews ‘A Jo saljal pue sydiow usa16-Aaib + ugaib-Aaib o,w_m :J. ule1sa\
‘Uiv ‘u3 10 + o ¥ iy -opnasd Jo 10| & ‘padine| 10 I-ysaw ‘$oe|q-usaib iep ANH
oulBYOW 19 ‘spesauiw anbedo ‘[yo (s18useb ‘|ds) sressuiw anbedo ‘spesauiw wﬁ%w% M%mﬂma%m_ cT-¢ JIsselN
11 1a ‘u3 ‘10 ‘PO F Ay Arepuodas ‘INd Jo saljal ‘axi|-ysaw Ua1B ‘usoIb Yiep oulayon
sapiydins ‘uil ‘dy |dsS pauozun Arepuodas padeys-ajpuids .
snnyuausig Be ‘luyo ‘wyl ‘(Bew) 1ds ‘(yD ‘ben) pue Aun Aian ‘|dg Arewnd pauoz >w%_(_w_meo muom__%m _wwcc__m:m _ c%wwmmw% puejuabing
ylopsiadwny ‘27 F by |dsS pauoz ‘(anojyooul)d) pue olydiowouax Jabue| ‘Nd Jo sydiow : _>w_, U236 ,.:m. 1 S5-T¢ SuuUS g [enuad
-uisisulad Yo ‘z1 ¥ By -opnasd abue| o 10| & ‘@XI|-ySaw 21|81 i Hep iuiuusd
e sapiyd|ns ‘uiz ‘dy ‘wij| |ds Arepuodas uowDal
AOUQI|M ‘DIINOS|Y ‘'ed ‘loa ‘(Be) |ds ‘(lyD ‘Bep) |ds | padeys-spuids pue aiydiowousx ‘Aun :mMo anIssew ‘usalb-Aaib _ wnaibnT mc_m cc:an_
‘929pey ‘921uzZNo ‘z79V/u1L | pauoz ‘gd F (enuuad) [yd | ‘|ds psuoz oydiowoine 0} aiydiowonedAy | rep yoe|g-usalb yiep 86-ce [EISETY SHmN_H.S_
‘Biy ‘011 lyD | ‘Bud ‘4L ‘Bny ‘1d ‘pO F By | ‘sjesauiw Arepuodss ‘|Nd 40 solas ‘onljijiod :
ﬂw_\m/_u\ﬁ/._w (Beny ,Eovmo_m psuozun INd Jo sai1jal ‘|ds Aun aAISSeW ‘9oueqInisip JIssely
Arepizs 0V/IL m__mmr m_%w ;._m.z,__hmu_cww%cov ‘dS pauoz ou ‘papueq Jo ayI-ysau 21U0198) YIM ‘ysippal ee-€c Krepjzs
uD ‘B
. INd J0 S911a1 ou ‘|Nd j0 sydiowowopnasd
911 ‘o4 ‘ ‘ f ‘ ‘ Jssel
eoluzazig e (bew) 1ds ‘(lds ‘ayd jds pauozun 1ajjews usyo aAISSeW ‘syeals ‘sjods _
‘90IMmozselg z1x h_wm_\,_ ‘Ben) |ds pauoz ‘z7 F Biy alow ‘|ds Arewnd yiep Sjoejg-usalb ‘usalb | L5V -%oo__\,xwwmwm_ BIS9|IS J9moT]
140 by pauoz Jo adeys Jejnbas alow ‘axi-ysaw : g
. ©e310q0S 10V/11 gD A|1eoo] ‘| d Jo saljal ou anissew ‘sayored
MQUBPIOL "MOtOBOD | «ghn 5)) (id Amm_\,_v_%.vm )1d ‘INd Jo sydiowowopnasd amuowl| ynm anym-£aib _ Emwwm_?
A ‘27 ¥ Beiy m:o_N Mmmso_ e _\M _|mm ‘|ds pauoz abue) |ds Arewnd ‘syealis ‘sjods yiep 0,-0¢ NO o_mo y
109 ‘¢ ‘epedel ‘D ‘B p W Ted 17+ by pauoz padeys-iabul 10 -8qo| ‘ayjI|-ysaw ‘Yoe|q-uaalb ‘usalb 010009
92In0S 9|qeqoid (sresauiw ‘adeys ‘ainjoniisoioiw) (| Amonas (IS ¢-0Tx) Bumos
N[} telon aux sfelauIL 4O Anisiayd uondposap 21dodsoIdIN Sw_muﬂwumw_wmw_w/_wwc S [€2160|099 h
BINRIO Ul Sxe-3[11eq D/MD 3y} 104 SUO01BaJ-321N0S [elidalew med [eliualod
¥ 8lqel




The provenance of serpentinite tools in the Corded Ware culture of Moravia (Czech Republic) 577

mented from the provenance area around Mount Sleza. Be-
cause there is also archaeological evidence from Poland of
Eneolithic mining in the Gogotéw-Jordanéw Massif (\Wojcie-
chowski, 1983, 1988), it can be concluded that the source area
for these tool groups was indeed this massif.

The analyses undertaken have shown that the main char-
acteristics of serpentinites from Lower Silesia and the raw ma-
terial of Groups 1 and 2 are very strong serpentinisation, low to
almost no presence of relics of the primary minerals (featuring
only pseudomorphs filled with secondary spinels), and the local
occurrence of carbonates, mainly spinels. The spinels often oc-
cur as zoned primary spinels with their composition changing
directionally from the core to the periphery and as secondary
unzoned spinels of uniform composition. The zoned spinels
show up to three zones of different composition, where towards
the core we see an increasing chromite or even spinel compo-
nent and conversely towards the periphery a higher content of
magnetite component. The variability in the chemical composi-
tion of spinels is also apparent in Figures 8 and 9.

Our current knowledge (including newly ascertained data
for raw material of artefacts) and comparison with serpentinites
from different parts of Central Europe (Gogotéw-Jordandw
Massif in Lower Silesia, Penninic Bernstein Window in Central
Burgenland, Zelezny Brod crystalline unit in northern Bohemia
and Moldanubicum of western Moravia) have shown that the

raw materials for the production of serpentinite tools of the
CWC in Moravia and Czech Silesia originate from the
Gogotow-Jordanow Massif. From there, the mining and usage
of its serpentinites (Wojciechowski, 1983, 1988) and their distri-
bution throughout Poland (Skoczylas et al., 2000) are de-
scribed. In their features the tools match the presumed source
in the Gogotow-Jordanéw Massif. The analyses indicated in-
vestigation of spinels and relics of the primary minerals to be
most important. The microprobe results were also in accor-
dance with measurements using non-destructive techniques
and with the typological connections of some tools to Lower
Silesia. Thus, these results support the previously published
conclusions of Prichystal and Sebela (1992).
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