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This pa per con strains the prov e nance of pol ished tools used in the Corded Ware cul ture (CWC) in Moravia. Based on op ti cal
mi cros copy, Přichystal and Šebela (1992) sug gested the source for the CWC bat tle-axes would be the Gogołów-Jordanów
Mas sif in Lower Silesia (Po land). The pres ent study ex am ines 14 ser pen tin ite tools from ar chae o log i cal sites of Cen tral
Moravia. We have lo cated the or i gin of the tools’ raw ma te rial by ap ply ing de tailed petrographic, geo chem i cal and
petrophysical meth ods, as well as com par i sons with data from prob a ble ser pen tin ite sources. Pos si ble sources are ad ja cent
to the Sowie Góry Block (mainly the Gogołów-Jordanów Mas sif) and within other ar eas in Cen tral Eu rope (Penninic
Bernstein Win dow, West ern Lugicum and the east ern part of the Moldanubicum). Its most prob a ble source is the
Gogołów-Jordanów Mas sif, which is a part of the Ślęża ophiolite. The tools re sem ble the raw ma te rial source in sev eral
ways: firstly in mag netic sus cep ti bil ity, with an av er age value of ~40 × 10–3 SI; sec ondly, in the light yel low ish-green patched
patinated sur face and very strong serpentinisation with al most no pri mary min eral rel ics; and lastly, in the oc cur rence of
pseudo morphs filled with opaque min er als, and also parts with magnesite ag gre gates, which are quite rare. The main com -
mon fea ture is the pres ence of large pri mary zoned spi nels, with Cr- and Al-rich cores and Fe-rich rims. The con clu sions are
sup ported by the re sults of bulk-rock chem i cal anal y sis, both the raw ma te rial from Lower Silesia and the tools be ing Mg-rich. 
In ad di tion, the shape of some Moravian bat tle-axes (from Prusinovice) cor re sponds to the Ślęża type that is be lieved to be
char ac ter is tic of Lower Silesia. The es ti mated dis tance of trans port from the source area in Gogołów-Jordanów Mas sif to the
ar chae o log i cal sites in Cen tral Moravia is >260 km.
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INTRODUCTION

Ser pen tin ite be gan to ap pear as a rare raw ma te rial of pol -
ished stone tools from the be gin ning of the Neo lithic pe riod
(Přichystal, 1984). In the Early Eneolithic pe riod, per fo rated axe 
ham mers started to pre dom i nate. This prev a lence caused a
change of raw ma te ri als, from the pre vail ing fo li ated meta -
basites to rocks with mas sive struc ture. There fore, ig ne ous,
sed i men tary and meta mor phic rocks, pri mar ily serpentinites
and ol iv ine bas alts, be came of in ter est (Přichystal, 2000).

Ser pen tin ite is a rock with a mas sive struc ture con sist ing
mostly of ser pen tine group min er als, which form flat, cy lin dri cal
and cor ru gated micro struc tures, re flect ing the en er get i cally ef fi -
cient lay er ing of al ter nate tet ra he dral and oc ta he dral sheets
(Guillot and Hattori, 2013). The rock was used for its rel a tive

soft ness and the high lus tre of its pol ished sur face, with an at -
trac tive ol ive-green col our and a smooth but scaly ap pear ance.
Their name orig i nates from the sim i lar ity of the ser pen tin ite tex -
ture to the skin of a snake (the Latin Serpentes, mean ing “ser -
pents”). Since an tiq uity, it has been used world wide to make
jew elry and cer e mo nial and or na men tal carv ings (Ev ans et al.,
2013).

Be tween 2900–2350 BC the Corded Ware cul ture (CWC)
was spread over a vast area of north ern, cen tral and east ern
Eu rope. Its char ac ter is tic fea ture is pot tery with the print of a
twisted cord and stone bat tle-axes (Mallory and Ad ams, 1997).
Serpentinites played a key role in this cul ture. Im por tant data
con cern ing raw ma te ri als of the CWC bat tle-axes ap peared be -
fore the Sec ond World War. In the first half of the 1980s, prac ti -
cally the en tire ac ces si ble pol ished stone in dus try con nected
with the CWC from Moravia and the ad ja cent part of Silesia was 
in ves ti gated (Přichystal and Šebela, 1992).

This pa per ex am ines the as sump tion that the serpentinites
of Lower Silesia were the raw ma te ri als for the pol ished stone
tools used in the Eneolithic pe riod in Moravia and Czech Silesia
(Přichystal and Šebela, 1992). To de ter mine prov e nance, the
au thors used mac ro scop i cal and ty po logi cal sim i lar i ties and,
pri mar ily, the study of thin-sec tions un der a polar is ing mi cro -
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scope. A very good con for mity was found be tween the bat -
tle-axes’ raw ma te rial and ser pen tin ite of the pre his toric mines
de scribed by Wojciechowski (1983) from the Gogołów -
-Jordanów Mas sif. This sim i lar ity is sup ported by the oc cur -
rence of the Ślęża type bat tle-axes (Fig. 1) which are typ i cal of
the prob a ble prov e nance area.

OVERVIEW OF THE SERPENTINITE POTENTIAL
SOURCES

In cen tral Eu rope, there are many ser pen tin ite oc cur -
rences that could pro vide raw ma te rial for pol ished stone tool
pro duc tion, and thus po ten tial sources have to be se lected
based on var i ous in di ca tors. One of the main in di ca tors is the
di rec tion of intercultural con tacts of that time. The dis tri bu tion
routes of raw ma te ri als of ten ran over large dis tances.
Petroarchaeological stud ies of re cent years have shown the
pres ence of work shops near the raw ma te rial sources and
con cen tra tions of semi-fin ished pol ished tools in their vi cin ity.
We can prob a bly ex clude ser pen tin ite mas sifs of the West -
-Moravian Moldanubicum and Moravian Lugicum from con sid -
er ation (Přichystal and Šebela, 1992; Přichystal, 2001) as
there is no ev i dence of pre his toric ser pen tin ite min ing or larger 
uti li sa tion of the raw ma te rial from these re gions. In the ser -
pentinites from the West-Moravian Moldanubicum and Lugi -
cum there are pre served re mains of pri mary min er als which
were only slightly al tered, and sec ond ary am phi bole rarely ap -
pears. Pyrope was found in Bo he mian serpentinites (in the re -
gions of Kutná Hora and the Svratka crys tal line units, Křemže
and its sur round ings in the South-Bo he mian Molda nu bicum).
The small oc cur rences in the meta basite zone of the Brno
Batholith are also petro graphi cally not com pa ra ble to the raw
ma te rial of the tools ana lysed (Při chystal, 2000). Serpentinites 
from the Moldanubicum, Lugi cum and the Brno Batholith dif fer 
from the raw ma te rial of the CWC bat tle-axes in the pres ence
of ol iv ine, pyroxene or am phi bole rel ics (Při chystal and
Šebela, 1992). How ever, the im por tant ser pen tin ite mas sifs in
the West-Moravian Moldanu bicum can not be com pletely ex -
cluded due to their lo ca tion rel a tively near the ar chae o log i cal
sites. There fore, the most im por tant West -Moravian ser pen -
tin ite mas sifs were in cluded in the com par i son.

Lower Silesia in Po land. Sig nif i cant out crops of ser -
pentinites are sit u ated around the Sowie Góry Block in the Pol -
ish part of the Lugicum in the Cen tral Sudetes, Lower Silesia:
the Gogołów-Jordanów Mas sif near Mount Ślęża, the Bra -

szowice -Brzeźnica Mas sif and the Szklary Mas sif. These mas -
sifs are con sid ered to be frag ments of the Cen tral-Sudetic
ophiolite (Dubińska and Gunia, 1997; Kryza and Pin, 2010;
Wojtulek et al., 2016), and are not over lain by Qua ter nary de -
pos its. 

The Gogołów-Jordanów Mas sif is an arc-shaped body that
sur rounds the south ern edge of Mount Ślęża, which is the larg -
est of the three ser pen tin ite mas sifs in Lower Silesia. The mas -
sif con sists mainly of com pletely serpentinized ultra mafic rocks, 
orig i nally peri dot ites (harzburgites, lherzolites and dunites).
Only rarely are fresh or slightly al tered ultra mafic rocks pres ent.
The serpentinites were formed by hy dro ther mal meta mor phism
of ultrabasic igneus rocks (peridotite) and are con sid ered to
rep re sent tec toni cally emplaced man tle (Majerowicz and Pin,
1994; Dubińska and Gunia, 1997). A mesh-like microstructure
pre vails in the serpentinites in the north ern part of the mas sif
while a flame-like microstructure with abun dant rel ics of ol iv ine
and pyroxene is com mon in the west ern and cen tral part of the
mas sif (Majerowicz and Pin, 1989).

The Braszowice-Brzeźnica Mas sif is sit u ated in the south -
ern part of the Niemcza Dis lo ca tion Zone stretch ing along the
fault at the south ern mar gin of the Góry Sowie Block and form -
ing the prom i nent hills of Grochowiec, named Mnich and
Stróžnik. The mas sif is bor dered by the Sudetic Mar ginal Fault
in the south-west and by granitoids and schists of the Niemcza
Dis lo ca tion Zone in the east. It con sists of an ultrabasic unit
com posed of serpentinized peri dot ites and mafic units with
diallage gab bro and am phi bo lites (Gunia, 1988). In the ser -
penti nites, a mesh-like microstructure was ob served, which oc -
curs par tic u larly in the east ern part of the mas sif (Gunia, 1992).

The Szklary Mas sif oc cu pies the south ern part of the
Niemcza Dis lo ca tion Zone, which is con sid ered to be a trans -
verse, left-side shear zone in the north east ern part of the Bo he -
mian Mas sif. The Szklary Mas sif is elon gated N–S and is clearly 
seen in the land scape as a range of N–S aligned hills: Siodłowe, 
Tomickie and Koźmickie. It stretches out along the east ern
flank of the Góry Sowie Block (Mazur and Puziewicz, 1995).
The Szklary Mas sif is com posed mainly of serpentinized peri -
dotite, in places with a sur face weath ered layer with sec ond ary
min er als. The pri mary rocks were prob a bly re sid ual harzbur -
gites (Gunia, 1995, 2000). In the serpentinites, mainly mesh -
-like and mesh-ori ented micro struc tures oc cur; the ma trix con -
tains rel ics of ol iv ine with a dis tinct re lief, of ten pen e trated by
tiny veins of min er als of the ser pen tine group – lizardite and
chryso tile, which are ori ented par al lel with square ar eas filled
with rel ics of ol iv ine (Gunia, 1993).

Use and pre his toric min ing of the raw ma te ri als from
Pol ish Lower Silesia. The Gogołów-Jordanów Mas sif is of ten
con sid ered to be a pos si ble source of the ser pen tin ite bat -
tle-axes of the CWC in Moravia and Czech Silesia (Přichystal
and Šebela, 1992). The raw ma te rial was sup pos edly trans -
ported along a pre his toric trade route from Lower Silesia along
the Odra River through Up per Silesia to wards the Moravian
Gate and later to Moravia. This as sump tion is sup ported by the
ty po logi cal con nec tion of the ma te rial to the so-called Ślęża
type (Fig. 1) of bat tle-axe, whose prov e nance is as sumed to
have been in the re gion of Mount Ślęża (Chmielewski and
Romanow, 2015). There is also ev i dence for ser pen tin ite min -
ing from the Gogołów-Jordanów Mas sif at Jańska Góra by the
peo ple of the Fun nel Beaker cul ture. The raw ma te rial was used 
at the site at Janówek and Tomice dur ing the late phase of the
cul ture (dated from ~4400 to 2600 BC; Baldia et al., 2008), only
~1.6 km from the source (Wojciechowski, 1983). These sites
were found to con tain a large quan tity of semi-fin ished artefacts
and a large vol ume of waste, in clud ing con i cal prod ucts af ter
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Fig. 1. Pro posed clas si fi ca tion scheme of Silesian bat tle-axes
of the Ślęża type from the CWC with the di vi sion into se ries,

types and sub types (Chmielewski and Romanow, 2015)
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shafthole per fo ra tion. The use of this raw ma te rial is also as -
sumed for the CWC pe riod (Wojciechowski, 1988). Majerowicz
et al. (2000) re ported, based on a petrographic study of ar chae -
o log i cal col lec tions from Pol ish Lower Silesia, that 84 ser pen tin -
ite tools orig i nated from the Gogołów-Jordanów Mas sif, three
from the Braszowice-Brzeźnica source and one from the
Szklary Mas sif, among the sum of 117 artefacts stud ied. The
oc cur rence of serpentinites from the Gogołów-Jordanów Mas -
sif in Lower Silesia to wards Up per Silesia and the west ern part
of cen tral Po land was de scribed by Skoczylas et al. (2000), who 
in ves ti gated the us age of the ser pen tin ite by the CWC, as well
as by the Fun nel Beaker cul ture and Danubian Neo lithic cul -
tures. 

No ev i dence has been found of pre his toric min ing in other
ser pen tin ite mas sifs on the south ern edge of the Sowie Góry
Block and east of it (the Braszowice-Brzeźnica and Szklary
Mas sifs). The artefacts from Lower Silesia show micro struc -
tures com pa ra ble with serpentinites ad ja cent to the north ern
and south ern part of the Sowie Góry Block and from the
Gogołów-Jordanów Mas sif es pe cially (Majerowicz et al., 2000). 
The Gogołów-Jordanów and Braszowice-Brzeźnica Mas sifs
rep re sent eas ily ac ces si ble re sources and they of ten yield a
high qual ity raw ma te rial for the man u fac ture of per fo rated tools
(hav ing mas sive struc ture). The Szklary Mas sif is com posed
mainly of weath ered, dis rupted rock, which is not suit able for
the man u fac ture of per fo rated tools. 

Jizera Moun tains Piedmont (west ern Lugicum).
Ultrabasic rocks oc cur in the vi cin ity of Železný Brod in the
Jizera Moun tains Piedmont that form a part of west ern Lugi -
cum. The Železný Brod crys tal line com plex is sit u ated in the
SW mar gin of the Krkonoše-Jizera crys tal line unit and con sists
mostly of vol cano-sed i men tary for ma tions, meta mor phosed to
greenschist, phyllite, quartz ite phyllite with in serts of mar ble and 
chlorite phyllite. Serpentinized ultrabasic rocks oc cur as elon -
gated bod ies in rocks of the crys tal line com plex. The ultra -
basites have been de scribed un der var i ous names; cur rently,
they are in ter preted as komatiites and meimechites. Us ing the
IUGS clas si fi ca tion, the afore men tioned rocks are in agree -
ment with all pa ram e ters of “high-Mg” vol ca nic rocks and their
low TiO2 con tent (~1%) puts them on the komatiite -meimechite
bound ary (Fediuk, 2006).

These serpentinized ultrabasic rocks oc cur near the large
min ing field of metabasites which ex tended across Cen tral Eu -
rope in the Neo lithic pe riod (Přichystal, 2002; Šrein et al., 2002).

Bernstein (Penninic Bernstein Win dow, East ern Alps).
Serpentinites oc cur in the Penninic Bernstein Win dow, which is
lo cated in the cen tral part of the Burgenland. The polymeta -
morphic rocks be long to the Bündnerschiefer se ries and con sist 
of Me so zoic ophiolite rem nants, as well as var i ous metase -
dimentary rocks (Koller, 1985; Dunkl and Demény, 1997). The
schists are mainly calc-schists as so ci ated with metadiabases
and serpentinites (Trümpy, 1988). The serpentinites of Bern -
stein show dif fer ent lev els of serpentini sation, rang ing from
partly serpentinized peri dot ites to fully serpentinized rocks.
Some of them are lizarditic serpentinites with pseudomorphic
micro struc tures and some are antigoritic serpentinites with in -
ter lock ing microstructure (Bernardini et al., 2010).

Serpentinites from the Bernstein area were prob a bly used
in the Neo lithic and Eneolithic pe ri ods (Přichystal, 2013). Hun -
gar ian au thors (Biró and Szakmány, 2000; Szakmány et al.,
2001) con sider these serpentinites to be the raw ma te rial
source of pol ished tools in the ad ja cent part of Hun gary. Lo cal
us ing of serpentinites in the Neo lithic/Eneolithic pe ri ods of Aus -
tria has been de scribed also from Up per Aus tria Grömer
(2002), south ern part of the Moldanubicum from the geo log i cal
point of view. 

West ern Moravia – the Moravian Moldanubicum.
Serpentinites oc cur as mod er ately com mon iso lated bod ies
within the Gföhl Unit. In the vi cin ity of Jevišovice there are
serpentinites con tain ing abun dant si li ceous ma te rial (opal,
chal ce dony, green va ri ety of chal ce dony called plasma) con -
cen trated at the sur face and in di cat ing very strong weath er ing
of sur face out crops. The Jihlava River cuts through two larger
ser pen tin ite bod ies at Mohelno and Hrubšice. These two large
tec toni cally af fected ser pen tin ite-mas sifs oc cur in the Ná měšï -
Mora vský Krumlov granulite (Němec, 1937; Hejtman, 1962;
Ber nard et al., 1981).

The east ern part of the Mohelno Mas sif is char ac ter ized by
al ter na tions of serpentinized gar net peri dot ites and granu lites.
By con trast, the non-gar net type is typ i cal of the west ern part
(Ber nard et al., 1981). Ac cord ing to Němec (1937), the mas sif
con tains also sev eral dif fer ent types of pri mary rocks (du nite,
lherzolite, am phi bole-peridotite, ol iv ine-gab bro).

The east ern mar gin of the Hrubšice Mas sif with the
Boskovice Fur row was tectonized. Ac cord ing to Hejtman (1962) 
the Hrubšice Mas sif is com posed of non-gar net ser pen tin ite
with magnesite. The Hrubšice ser pen tin ite shows a well-pre -
served weath er ing crust, un like the Mohelno Mas sif. Magne -
site, sepio lite, opal, chal ce dony and its green va ri ety (plasma)
are known as the weath er ing prod ucts. The oc cur rence of opals 
is con di tional on the con tact of ser pen tin ite and granulite. The
plasma can be found south of the Jihlava River west of
Hrubšice and in the vi cin ity of Biskoupky and Nová Ves (Mrázek 
and Rejl, 1991).

In the Neo lithic pe riod, the chipped stone in dus try is known
for the colour ful si li ceous weath ered prod ucts of serpentinites
from the vi cin ity of Jevišovice (Přichystal, 1984). It can not be
ex cluded that fresh ser pen tin ite rocks were known to the peo ple 
in the Neo lithic pe riod and this could oc ca sion ally have been
used as the raw ma te rial for pol ished tools. Min ing of magnesite 
and sepio lite is known from the Hrubšice Mas sif on the bank of
the Jihlava River from the late 19th cen tury. There is an ac tive
quarry named “U Pustého Mlýna” on the right bank of the
Jihlava River where the ser pen tin ite has been re cently quar ried
for crushed stone (Mrázek and Rejl, 1991).

MATERIAL AND METHODS

The ser pen tin ite tools and sam ples of raw ma te ri als from
po ten tial sources have been ex am ined mac ro scop i cally, and by 
ste reo-mi cro scope and po lar iz ing mi cro scope, kappameter,
elec tron-microprobe and de struc tive ICP and non-de struc tive
ED-XRF spec trom e try.

Four teen ser pen tin ite tools from var i ous Moravian sites
were ana lysed (Ta ble 1). Four thin-sec tions from the bat tle -
-axes found at the Ježkovice, Brno-Starý Lískovec, Prostějov,
and Zdětín sites were pre pared. All of the sam ples re late to the
CWC pe riod. The tools were clas si fied based on their mac ro -
scopic fea tures into two groups (Group 1 and Group 2). Twenty -
-eight ser pen tin ite sam ples from var i ous po ten tial sources (Ta -
ble 2) were ex am ined to com pare them with the ma te rial of the
bat tle-axes. A map of the ar chae o log i cal lo cal i ties and raw ma -
te rial sources is shown in Fig ure 2.

The chem i cal and pet ro log i cal data was sup ported by
non-de struc tive tech niques used by ar chae ol o gists rou tinely
(ED-XRF spec trom e try and mag netic sus cep ti bil ity mea sure -
ments). Min eral ab bre vi a tions in ta bles, fig ures and in the text
were taken from Whit ney and Ev ans (2010).

Four pol ished thin-sec tions from the bat tle-axes and 26 pol -
ished thin+sec tions from the po ten tial sources were ex am ined
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us ing a Cameca SX-100 elec tron microprobe at the Joint Lab o -
ra tory of Elec tron Mi cros copy and Anal y sis of the De part ment
of Geo log i cal Sci ences at the Fac ulty of Sci ence, Masaryk Uni -
ver sity and the Czech Geo log i cal Sur vey. The con di tions of the
WDX mea sure ments were: ac cel er at ing volt age of 15 kV,
beam cur rent of 10–20 nA and beam di am e ter 1–5 µm. Nat u ral
min er als and syn thetic phases were used as stan dards. The

raw data were re duced us ing PAP ma trix cor rec tions (Pouchou
and Pichoir, 1985). The crys tal-chem i cal for mu lae of spi nels
were cal cu lated and nor mal ized to 3 cat ions and 4 ox y gen at -
oms whereby Fe was split to Fe3+ or Fe2+ based on stoichio -
metry. The crys tal-chem i cal for mu lae of am phi boles were ob -
tained based on 24 an ions, where (O2– + OH– + F–) = 2, as sum -
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T a  b l e  1

Over view of the ser pen tin ite tools stud ied and an a lyt i cal meth ods used

Ar chae o log i cal site Sam ple no. An a lyt i cal meth ods Group In ven tory no. De po si tion

Zdětín 256 EMPA, XRD, XRF, MS 1 006086 (Dp15)
Mu seum and Gal lery 

Prostějov
Syrovice 257 XRD, XRF, MS 1 006083 (Dp12)

Prostějov 258 EMPA, XRD, XRF, MS 1 006598

Brno-Starý Lískovec 259 EMPA, MS 2 303992 Brno City Mu seum 

Ježkovice  260 EMPA 1 A2930 Mu seum Vyškov  

Prusinovice

   47 XRF, MS 1 With out inv. no.

Moravian Mu seum

  48 XRF, MS 1 With out inv. no.

178 XRF, MS 1 51893

Dřevohostice   23 XRF, MS 1 92883

Velešovice 157 XRF, MS 2 17789/1-60/85

Blazice   63 XRF, MS 1 51844

Boškůvky   65 XRF, MS 2 51827

Kostelec near Holešov   77 XRF, MS 1 131

Zlobice 105 XRF, MS 1 52368

T a  b l e  2

Over view of the ser pen tin ite sam ples stud ied from the po ten tial source lo cal i ties and of the an a lyt i cal meth ods used

Area Lo cal ity Geo log i cal Set ting Sam ple no. An a lyt i cal meth ods

Lower Silesia

Tąpadła

Gogołów-Jordanów
Mas sif

Tąpadła 1 EMPA ICP, XRD, XRF, MS

Tąpadła 2 EMPA, ICP, XRD, XRF, MS

Tąpadła 3 EMPA, ICP, XRF, MS

Jańska Góra
Jańska Góra 1 EMPA, ICP, XRF, MS

Jańska Góra 2 EMPA, XRF, MS

Wiry
Wiry 1 EMPA, XRF, MS

Wiry 2 EMPA, ICP, XRD, XRF, MS

Gogołów Gogołów EMPA, ICP, XRD, XRF, MS

Jordanów Jordanów EMPA, XRD, XRF, MS

Sobótka Sobótka EMPA, XRF, MS

Braszowice
Braszowice-Brzeźnica 

Mas sif

Braszowice EMPA, ICP, XRD, XRF, MS

Brzeźnica
Brzeźnica 1 EMPA, ICP, XRD, XRF, MS

Brzeźnica 2 EMPA, MS

Szklary Szklary Mas sif
Szklary 1 EMPA, ICP, XRF, MS

Szklary 2 EMPA, XRD, XRF, MS

Cen tral Burgenland Bernstein Penninic Bernstein
Win dow

Bernstein 1 EMPA, ICP, XRF, MS

Bernstein 2 EMPA, ICP, XRD, XRF, MS

Rumpersdorf EMPA, XRD, XRF, MS

Bienenhütte EMPA, XRD, XRF, MS

Jizera Moun tains
Piedmont

The vi cin ity 
of Železný Brod West ern Lugicum

Loužnice EMPA, ICP, XRD, XRF, MS

Loužnice-Radčice EMPA, XRF, MS

Klíčnov EMPA, XRF, MS

Alšovice EMPA, XRF, MS

West ern Moravia

Hrubšice Mas sif

Moravian
Moldanubicum

Hrubšice EMPA, XRF, MS

Biskoupky ICP from lit er a ture 
(Kudělásek, 1965), MS

Mohelno Mas sif Mohelno ICP from lit er a ture (Kudělásek, 1965; 
Kudělásková, 1972), MS

Gföhl Unit  –
Jevišovice dis trict

Černín EMPA, ICP, MS

Bojanovice EMPA, MS



ing that all Fe is di va lent. The chem i cal com po si tions of the spi -
nels and am phi bole are given in Ap pen dix 2*.

The bulk-rock chem is try of pul ver ised sam ples was de ter -
mined at the Bu reau Veri tas, Van cou ver, Can ada (for merly
ACME Lab o ra to ries) us ing the ICP-ES af ter melt ing with lith ium 
bo rate. Trace el e ments were ana lysed by the ICP-MS fol low ing
a lith ium tetraborate fu sion. For com par i son with the tools, only
a lim ited num ber of el e ments can be de ter mined, as only
non-de struc tive meth ods could be used for the tools.

The pow der X-ray dif frac tion (XRD) tech nique was used to
de ter mine min eral com po si tion of the sam ples with re spect to
ser pen tine group min er als. Three bulk tools and 13 pul ver ised
sam ples of serpentinites from source lo cal i ties were ana lysed.
XRD anal y ses were per formed us ing a Rigaku Smartlab
diffractometer with a par al lel beam (bulk sam ples) and Bragg -
-Brentano (pow der sam ples) q–q re flec tion ge om e try. Ni-fil -
tered Cu ra di a tion (lKa = 0.15418 nm) was used. The tube was
op er ated at 40 kV and 30 mA. An an gu lar range of 5–80° 2q
was mea sured. A step size of 0.02° 2q and time per step of 1 s,
which pro duces a to tal scan du ra tion of 3750 s, was used. The
data ob tained were eval u ated with the help of the Panalytical
High Score 3 Plus soft ware. The quan ti ta tive phase anal y sis
was per formed by the Rietveld method. Crys tal struc ture mod -
els from the ICSD 2012 da ta base were used. 

For the non-de struc tive mea sure ments of tools and rock
sam ples, a DELTA ED-XRF spec trom e ter with a 40 kV tube
and Si-PIN de tec tor was used. The de vice was cal i brated with a 
stain less steel cal i bra tion ref er ence coin be fore the mea sure -
ment. The mea sure ments were made us ing the an a lyt i cal Soil
Geochem mode, which is able to ana lyse el e ments from trace
amounts to high con cen tra tion lev els. The du ra tion of the mea -
sure ment was set to 90 s. 

The mag netic sus cep ti bil ity (MS) was mea sured us ing a
por ta ble KT-5 kappameter. Each sam ple was sub jected to six
in de pend ent mea sure ments, the av er age value of these was
then cal cu lated. The re sult ing av er age was the mea sured mag -
netic sus cep ti bil ity. The TCF of Wil liams-Thorpe et al. (2000)
was ap plied. 

RESULTS 

MAGNETIC SUSCEPTIBILITY

The av er age value of both Group 1 and Group 2 var ies
around 40 × 10–3 SI units. The tools from Group 1 show a wider
range of MS val ues while the tools from the Group 2 show a
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Fig. 2. Map of the ar chae o log i cal sites and raw ma te rial sources (based on the map from 
the website: Mapy.cz 2017), mod i fied to show lo cal i ties

Po ten tial sources: 1 – Gogołów-Jordanów Mas sif, 2 – Szklary Mas sif, 3 – Braszowice-Brzeźnica Mas -
sif, 4 – Penninic Bernstein Win dow (Bernstein, Rumpersdorf, Bienenhütte), 5 – West ern Lugicum
(Loužnice, Loužnice-Radčice, Alšovice, Klíčnov), 6 – Mohelno Mas sif, 7 – Hrubšice Mas sif, 8 – Gföhl
Unit (Jevišovice dis trict)

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1437

https://gq.pgi.gov.pl/rt/suppFiles/25767/


lower vari abil ity of MS val ues. The higher val ues (53–71 × 10–3

SI units) of MS were ob tained from the tools from Syrovice,
Blazice, Prusinovice (Group 1) and Boškůvky (Group 2).

Sam ples of serpentinites from po ten tial sources in SW Po -
land have greater scat ter ing of MS val ues (av er age 28–35 ×
10–3 SI units). Lower val ues (20–24 × 10–3 SI units) were
yielded by sam ples with a weath ered sur face (Wiry, Sobótka,
Jordanów). Higher val ues of MS (57–69 × 10–3 SI units) were
mea sured on the sam ples from Jańska Góra and Brzeźnica. 

Sources from Cen tral Burgenland have gen er ally lower val -
ues of MS (21–25 × 10–3 SI units), be ing only rarely sig nif i cantly
higher (53 × 10–3 SI units). The serpentinites of the Železný
Brod crys tal line unit (Jizera Moun tains Piedmont) are char ac -
ter ized by pre dom i nantly very high val ues of MS (av er age 57 ×
10–3 SI units). 

The Moldanubian serpentinites from the Jevišovice area
have the low est val ues of MS of all sam ples mea sured (av er -
age 7 × 10–3 SI units). Sim i larly, the val ues of the sources from
around Hrubšice and Mohelno have rel a tively very low MS (av -
er age 11 × 10–3 SI units). The re sults of the ba sic sta tis ti cal
anal y sis from dif fer ent raw ma te rial out crops and tools are
shown in Fig ure 3 and in Ap pen dix 1.

PETROGRAPHY AND MINERAL CHEMISTRY

Based on mac ro scopic ex am i na tion, the ser pen tin ite tools
were di vided into two dif fer ent groups and com pared with each
other. The typology of the in di vid ual tools and the oc cur rence of
se lected types (e.g., the so-called Ślęża type) in the vi cin ity of
po ten tial sources were also taken into ac count.

Group 1. The group com prises bat tle-axes from Zdětín,
Syrovice, Prostějov, Ježkovice, Prusinovice, Dřevohostice,
Blazice, Kostelec u Holešova and Zlobice. The bat tle-axes from 
Prostějov (Fig. 4A), Dřevohostice (Fig. 4B), Prusinovice no.
178, Ježkovice, Kostelec u Holešova and Zlobice have a sim ple 
shape in plane view with con vex sides, while in side view they
are trap e zoid (Prostějov, Dřevohostice, Prusinovice no. 178),
biconvex (Ježkovice), planoconvex (Kostelec u Holešova) or
rect an gu lar (Zlobice). The bat tle-axe from Prusinovice no. 178
has a dam aged edge (Šebela, 1999). The bat tle-axe from
Zdětín (Fig. 4C) is of pen tag o nal shape with fac ets in the butt

part in plan view. The bat tle-axe from Blazice has a sim ple
shape bro ken at the bore with a sec ond ary bore and the bat -
tle-axe from Syrovice is con vexly bent with a down ward ex -
tended edge and has a bore made from both sides sit u ated
near the butt (Šebela, 1999). The bat tle-axes from Prusinovice
nos. 47 (Fig. 4D) and 48 are so-called bat tle-axes of the Ślęża
type with foot ing. Bat tle-axe no. 47 is dec o rated (Šebela, 1999).

This group in cludes most of the tools with a green ish to dark
grey pa tina on the sur face. The struc ture is gen er ally mas sive,
some times with darker spots on the sur face that may in di cate
fo li a tion. The sur face of the tools was of ten patinated, with slight 
crumblings tinted with li mo nite.

Group 2. The group com prises bat tle-axes from Brno-Starý
Lískovec, Velešovice and Boškůvky. The bat tle-axes from Brno -
 Starý Lískovec (Fig. 4E) and Velešovice (Fig. 4F) have arch-like
thick en ing in place of a bore in plan view with a rect an gu lar
cross-sec tion in side view (Šebela, 1999). The bat tle-axe from
Boškůvky has a sim ple shape with fac ets on the walls of the
bore hole, with traces of bor ing from both di rec tions (Šebela,
1999).

The sur face of these tools is shiny with solid grey-green to
green-black hues, oc ca sion ally with a whit ish-grey col our. The
rock struc ture is mas sive or with thin darker streak ing par al lel to
fo li a tion. Slight crumblings tinted with li mo nite are de vel oped on 
the sur face of the bat tle-axe from Boškůvky. 

POTENTIAL SOURCE REGIONS

Lower Silesia. Fresh rocks from the Gogołów -Jordanów
and Braszowice-Brzeźnica Mas sifs are spot ted (Fig. 5B, D–F),
green to green-black with dark streaks par al lel to fo li a tion, and
with mac ro scop i cally vis i ble grains of mag ne tite in places. Where 
weath ered, the sur face is green ish grey-white with limoni tic
patches, caused by the stain ing of small crumblings on the sur -
face by li mo nite (Fig. 5A, C). The rock-struc ture is mas sive. 

The raw ma te rial from Gogołów-Jodanów Mas sif and
Braszowice-Brzeźnica Mas sif looks sim i lar us ing the po lar iz ing
mi cro scope. The com po si tion of the serpentinites from the
Szklary Mas sif var ies more in com par i son. The rocks that form
Szklary Mas sif yield poor-qual ity raw ma te rial, heavily weath -
ered and usu ally tend to crum ble due to pro nounced tec tonic

dis tur bance. The rocks have a red dish sur face cov -
ered by sec ond ary min er als.

Jizera Moun tains Piedmont (West ern Lugi -
cum). Dark green-black to dark grey-green rocks with 
mas sive struc ture, in which mac ro scopic pyro xene
pheno crysts (up to 5 mm) can be ob served, were
found in the vi cin ity of Železný Brod in the mu nic i pal i -
ties of Loužnice, Alšovice and Klíčnov. Py rox enes
com monly com pose up to one quar ter of the to tal vol -
ume of the whole rock.

Bernstein (Penninic Bernsten Win dow, East -
ern Alps). The serpentinites are dark green with no -
ta ble splin ter fac ets of relic py rox enes. Their struc ture 
is usu ally mas sive. Pri mary min eral rel ics or their
pseudo morphs and a lower con tent of spi nels are typ -
i cally pres ent.

West ern Moravia – the Moravian Moldanu bi -
cum. The col our of the serpentinites from Hrubšice
ranges from dark green -black to grey-green. The grey -
- green va ri et ies con tain grains of py rox enes ob serv -
able to the na ked eye. Black grains of spinel with a me -
tal lic lus tre and grains of rhombic pyroxene are vis i ble
mac ro scop i cally and the rock bears mas sive struc ture.
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Fig. 3. Box plot of the mag netic sus cep ti bil ity val ues of the raw 
ma te ri als from the po ten tial sources and tools

1 – Lower Silesia, 2 – West ern Lugicum (Jizera Moun tains Piedmont), 3 –
Penninic Bernstein Win dow, 4 – Hrubšice and Mohelno mas sifs, 5 – Gföhl

Unit (Jevišovice dis trict), 6 – tools of Group 1, 7 – tools of Group 2

https://gq.pgi.gov.pl/rt/suppFiles/25767/


The serpentinites from the Mohelno area are dark green to
green ish-black. The rocks are ob vi ously tec toni cally af fected
and strongly serpentinized. Their struc ture is mas sive. The
microstructure is typ i cally mesh-like. Serpentinites from the en -
vi rons of Jevišovice are pale green on the sur face, brown -
ish-col oured lo cally (by ex truded red iron-ox ides) or dark green
on the fresh sur face. The rocks show in tense tec tonic dis rup -
tion, which has caused cubiform dis in te gra tion.

The ma jor min er al og i cal and petrographic data of the tools
and of the raw ma te rial from the po ten tial ser pen tin ite sources
is sum ma rized in Ta ble 3. 

The raw ma te ri als of the tools from Group 1 of ten show a
lepidoblastic and mesh-like microstructure when viewed us ing
po lar iz ing mi cros copy. The mesh-like microstructure is formed
by min er als of the ser pen tine group, of ten with no rel ics of pri -
mary min er als ex cept of the orig i nal pyroxene and ol iv ine.
Pseudo morphs are of ten filled with opaque min er als, which fol -
low the orig i nal min eral cleav age (Fig. 6A). Red-brown grains of 
the lobe- or fin ger-shaped spi nels are fre quent (Fig. 6B), and
car bon ates are pres ent oc ca sion ally. Large pri mary spi nels,
pseudo morphs filled with opaque min er als and lo cally pres ent
car bon ates are typ i cal of both groups. A mesh-like micro -
stucture with no rel ics of olivines was ob served in all sam ples

from the Gogołów-Jordanów Mas sif (Fig. 6C). They con tain lots
of pseudo morphs filled with opaque phases, large lobe- or fin -
ger-shaped spi nels (Fig. 6D), rarely car bon ates and no pyrope.
In the serpentinites from West ern Lugicum, the Penninic Bern -
stein Win dow and Moravian Moldanubicum, rel ics of ol iv ine, py -
rox enes and sec ond ary am phi bole were ob served (Fig. 6E, F).

The pseudo morphs filled with opaque min er als were found
us ing EMPA in both of the tool Groups and in the raw ma te rial
from the Lower Silesia (Fig. 7A, C). Also, large zoned pri mary
spi nels (Fig. 7B, D) and rarely car bon ates are pres ent. The
clas si fi ca tion of spinelides was taken ac cord ing to Stevens
(1944) as shown in the di a gram of tri va lent cat ions (Fig. 8). The
pri mary spi nels are strongly zoned. Two to three dis tinc tive
zones of dif fer ent chem i cal com po si tion were iden ti fied in
zoned spinelides in both groups (Figs. 8 and 9). The con tent of
Fe3+ pre dom i nates (74–97 mol.%) at the pe riph ery of grains rel -
a tive to Cr con tent (3–24 mol.%) cor re spond ing to Cr-mag ne -
tite. A com pa ra ble pro por tion of Fe and Cr (41–59 mol.%) was
found in the tran si tional zone cor re spond ing to Fe-chro mite.
The cores of grains are en riched in Al (39–55 mol.%) which cor -
re sponds to Al-chro mite and Cr-spinel. Mag ne tite (72–99
mol.%) is the dom i nant com po nent in un zoned sec ond ary
spine lides cor re spond ing to Cr-mag ne tite. Sig nif i cant zonation
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Fig. 4. Tools of Group 1: A – Prostějov, B – Zdětín, C – Dřevohostice, D – Prusinovice (no. 47);
 tools of Group 2: E – Brno-Starý Lískovec, F – Velešovice

Fig. 5. The raw ma te rial from the Gogołów-Jordanów Mas sif

A – Tąpadła – patinated sur face, B – Tąpadła – fresh sur face, C – Jańska Góra –
patinated sur face, D – Jańska Góra – fresh sur face, E – Gogołów – patinated

sur face, F – Gogołów – fresh sur face



of spinelides was found in the raw ma te rial from Lower Silesia.
The cores of spinelide grains from the Gogołów-Jodanów and
Braszowice-Brzeźnica mas sifs have a high con tent of Al bound
to the spinel com po nent (46–58 mol.%) cor re spond ing to Cr -
-spinel, in places to Al-chro mite (Fig. 8). The con tent of Cr sig -
nif i cantly in creases in the tran si tional zone, bind ing to the chro -
mite com po nent (39–80 mol.%) which cor re sponds to Fe-chro -
mite. The pe riph ery of zonal spinelides con sists mainly of Fe
bound to the mag ne tite com po nent (77–100 mol.%) cor re -
spond ing to Cr-mag ne tite. Sec ond ary spinelides, of ten de vel -
op ing along the shear planes, ap proach the com po si tion of
pure mag ne tite, with traces of Cr, Mg, and Ni. The chem i cal
com po si tion and zonation of spinelides from the Gogołów -
-Jodanów and Braszowice-Brzeźnica mas sifs can be seen in
di a grams of #Mg = Mg/(Mg + Fe+2) vs. #Fe3+ = Fe3+/(Cr + Al +
Fe3+) and #Mg vs. #Cr = Cr/(Cr + Al) in Fig ure 9. The spinelides’ 
com po si tion var ies di rec tion ally from the core to the pe riph ery.
In the Szklary Mas sif, no zonation of spi nels was found. The
mag ne tite com po nent is pre dom i nant (75–81 mol.%) in the
mea sur able spi nels. A rel a tively bal anced ra tio of mag ne tite
(34–65 mol.%) and chro mite- (20–39 mol.%) and spinel- com -
po nents in the cores (up to 20 mol.%) was found in the
spinelides from serpentinites of West ern Lugicum (Figs. 8 and
9). By con trast, the mag ne tite com po nent (97–99 mol.%) pre -
dom i nates at the pe riph ery of spinelide grains. More over, con -
tents of Ti are el e vated (0.07–0.15 apfu). The mag ne tite com -
po nent pre vails al most en tirely (97–99 mol.%) in sec ond ary
spinelides. Zonation was found also in pri mary spinelides from
the serpentinites of Cen tral Burgenland (Figs. 8 and 9). The
rims of spinelide grains are Fe-rich (96–99 mol.%) rel a tive to

Cr-con tent (1–4 mol.%) in con trast to Cr-en riched cores (47–49
mol.%), while the Fe- and Al-con tents ra tios are close (25–27
mol.%). The mag ne tite com po nent pre dom i nates in un zoned
sec ond ary spinelides (93–99 mol.%). Zoned spinelides are
pres ent in the serpentinites from the Jevišovice area. The mag -
ne tite com po nent pre dom i nates in the un zoned sec ond ary
spine lides (99–100 mol.%), cor re spond ing to Cr-mag ne tite and
in pri mary spinelides Cr pre dom i nates (43–65 mol.%), cor re -
spond ing to Al-chro mite. A dif fer ent type of zoned spinel was
found in the serpentinites from Hrubšice. The con tent of Al pre -
dom i nates in the cores (71–75 mol.%), cor re spond ing to Cr -
-spinel. The con tent of Fe is dom i nant at the pe riph ery of zoned
spinelides (92 mol.%), thus plac ing it within Al-mag ne tite.

Pri mary am phi boles were iden ti fied us ing EPMA only in the
raw ma te rial of the tool from Brno-Starý Lískovec among the
tools stud ied (Group 2). The com po si tion of the am phi boles cor -
re sponds to Ca-am phi boles (tremolite) shown in Fig ure 10.
Fe-Mg-Mn am phi boles (antophyllite) and Ca-am phi boles
(tremo lite) were found in the ser pen tin ite of the Szklary Mas sif.
Pri mary py rox enes (di op side, augite) and sec ond ary calcic am -
phi boles (tremolite-pargasites) were de tected in serpentinites
from the Jizera Moun tains Piedmont. No mea sur able rel ics of
pri mary min er als were found in serpentinites from the Bernstein 
area (Fig. 7E). Ca-am phi boles (pargasites) were iden ti fied in
the serpentinites from the Jevišovice area (Fig. 7F). Serpenti -
nites from Hrubšice con tained sec ond ary Fe-Mg-Mn am phi -
boles cor re spond ing to the anthophyllite-gedrite se ries. The
chem i cal com po si tion of am phi boles from the raw ma te ri als of
the tools and of the sources can be found in Fig ure 10 and Ap -
pen dix 2.
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T a  b l e  3

The ma jor min er al og i cal and petrographic data of the tools and of the raw ma te rial from the ser pen tin ite out crops
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Group 1
mesh-like;

cross 
fil a men tous

Atg ± Ctl x Mag, Dol X x

Group 2 mesh-like Atg ± Ctl x x Mag, Dol Tr X x

Gogołów-
Jordanów Mas sif mesh-like Atg ± Lz x ±Cal, Mag X x

Braszowice-
Brzeźnica Mas sif mesh-like Atg ± Lz x X x x

Szklary Mas sif mesh-like;
banded Atg Ol, Opx x clinochlorite x Tr, Ath x Czo

West ern Lugicum poikilitic Atg ± Ctl Di, Aug penninite Tr, Prg X x Ilm, Ap, Zrn,
sulphides

Penninic Bernstein 
Win dow relic mesh-like Atg ± Lz Opx x clinochlorite X x x Tlc, Ilm, Ap,

Ttn, sulphides

Hrubšice Mas sif mesh-like; 
lat ticed Atg Ol, Opx x x Cal, Dol Ath, Ged X x

Mohelno Mas sif mesh-like Atg ± Ctl Ol, En, Di x Tr X x Grt

Gföhl Unit
(Jevišovice dis trict) mesh-like Atg Ol x Mag, Cal X x x Ap

Ap – ap a tite, Atg – antigorite, Ath – anthophyllite, Aug – augite, Cal – cal cite, Ctl – chryso tile, Czo – clinozoisite, Di – di op side, Dol – do lo mite,
En – en sta tite, Ged – gedrite, Grt – gar net, Ilm – il men ite, Lz – lizardite, Mag – mag ne tite, Ol – olivne, Opx – orthopyroxene, Prg – par ga site,
Tlc – talc, Tr – tremolite, Ttn – ti tan ite, Zrn – zir con
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BULK-ROCK CHEMISTRY (ICP, XRF)

Af ter com par ing re sults ob tained from both the ICP- and
XRF-meth ods, a good de gree of con for mity was found among
se lected el e ments and is doc u mented in the plot in Fig ure 11.
The sam ples from Lower Silesia and the tools’ raw ma te rial of
both Groups were Mg-rich [Mg/(Mg + Fet) = 75–87 wt.%]. Sam -
ples from West ern Lugicum were Fe-rich [Mg/(Mg + Fet) =
55–61 wt.%]. Serpentinites from west ern Moldanubicum were
gen er ally Mg-richer [Mg/(Mg + Fet)  = 73–80 wt.%] and raw ma -
te rial from Bernstein Win dow was pre dom i nantly Fe-rich
[Mg/(Mg + Fet)  = 57–63 wt.%], the ex cep tion be ing the sam ple
from Bernstein 2 [Mg/(Mg + Fet) = 76 wt.%]

.Ma jor ox ide and se lected trace el e ments (Ni-, Zr- and
Sr-con cen tra tions) of the po ten tial source lo cal i ties are given  in 
Ap pen dix 3.

XRD ANALYSES

The com par i son of dif frac tion pat terns is given in Fig ure 12.
The XRD was per formed on the sur faces of the bulk tools,
which were patinated. The main goal of XRD anal y sis was to
indentify ser pen tine min eral group spe cies and to quan tify their

con tents. The bat tle-axes are made of antigorite serpentinites.
All the sam ples ana lysed con tained var i ous quan ti ties of anti -
gorite. In the sam ples from Braszowice, Tąpadła 2, Loužnice
and Bernstein 2, lizardite was also pres ent. In these sam ples,
lizardite was al ways less abun dant that antigorite. The to tal con -
tents of ser pen tine min er als ranged from 25.8% (Loužnice) –
99.9% (Tąpadła 2). The in di vid ual con tents of ser pen tine group
min er als are given in Fig ure 13. An over view of quan ti ta tive
phase anal y sis is shown in Ap pen dix 4. 

DISCUSSION

MOST PROBABLE PROVENANCE 
OF THE STONE TOOLS

The mac ro scopic ap pear ance of the tools of Group 1 cor re -
sponds to the raw ma te rial from Lower Silesia (pa tina with slight
crumblings tinted with li mo nite on the sur face, mas sive struc -
ture). Group 2 also fea tures sim i lar to those of the raw ma te rial
from SW Po land. The tool raw ma te rial of Group 1 (Fig. 4A–D)
is mac ro scop i cally quite sim i lar to the raw ma te ri als of the lo cal i -
ties Tąpadła and Jańska Góra from the Gogołów-Jordanów
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Fig. 6. Rock micro struc tures of the bat tle-axe from Prostějov and the sam ples from
 the po ten tial raw ma te rial sources in thin-sec tion

A, C – pseudo morphs af ter pri mary min er als filled with opaque min er als (A – bat tle-axe from
Prostějov; C – Jańska Góra in the Gogołów-Jordanów Mas sif); B, D – zoned spi nels (B – bat -
tle-axe from Prostějov; D – Tąpadła in the Gogołów-Jordanów Mas sif); E – relic of pri mary min -
eral (Bernstein 1 in the Penninic Bernstein Win dow); F – rock microstructure (Bojanovice in the
Gföhl Unit, Jevišovice dis trict); Mag – mag ne tite, Spl – spinel, Srp – ser pen tine

https://gq.pgi.gov.pl/rt/suppFiles/25767/
https://gq.pgi.gov.pl/rt/suppFiles/25767/


Mas sif (Fig. 5A–D). The tools of Group 2 (Fig. 4E, F) are sim i lar
to the raw ma te rial from Gogo³ów in the Gogo³ów-Jordanów
Mas sif (Fig. 5E, F). Kufel-Diakowska and Sku³a (2015) de -
scribed a stone shaft-hole axe from the youn ger phase of the
CWC, found in a grave at Bro¿ec. The shaft-hole axe de scribed
is mac ro scop i cally iden ti cal to the raw ma te rial of Group 1. This
type of raw ma te rial is in the au thor’s con sid ered view typ i cal for
the re gion of south ern Po land. In the case of bat tle-axes nos. 47 
and 48 from Prusinovice, the prov e nance is sup ported by the ty -
po logi cal like ness to the bat tle-axe of Œlê¿a type.
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Fig. 7. Back-scat tered elec tron (BSE) im ages of rock micro struc tures
of the bat tle-axe from Prostìjov and of sam ples from the po ten tial

raw ma te rial sources 

A, C – pseudo morphs af ter pri mary min er als filled with opaque min er als (A – bat -
tle-axe from Prostìjov; C – Jañska Góra in the Gogo³ów-Jordanów Mas sif); B, D
– zoned spi nels (B – bat tle-axe from Prostìjov; D – T¹pad³a in the Gogo³ów -
-Jordanów Mas sif); E, F – rock microstructure (E – Bernstein 1 in the Penninic
Bernstein Win dow; F – Bojanovice in the Gföhl Unit, Jevišovice dis trict); Chl –
chlorite, Chr – chro mite; scale bar = 200 µm

Fig. 8. The zonation of the spinelides from the po ten tial raw ma -
te rial sources (tri an gles) and both tool Groups (crosses) in the
di a gram of tri va lent cat ion ra tios (ac cord ing to Stevens, 1944,
ed ited)

1 – Prostìjov, 2 – Zdìtín, 3 – Ježkovice, 4 – Brno-Starý Lískovec, 5
– Gogo³ów-Jordanów, 6 – Braszowice-BrzeŸnica, 7 – Szklary, 8 –
West ern Lugicum (Jizera Moun tains Piedmont), 9 – Penninic
Bernstein Win dow, 10 – Hrubšice and Mohelno mas sifs, 11 – Gföhl
Unit (Jevišovice dis trict)
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Fig. 10. Com po si tion of am phi boles from the
po ten tial raw ma te rial sources and from the
tool from Brno-Starý Lískovec in the clas si fi -
ca tion di a gram of am phi boles (Haw thorne et
al., 2012, ed ited)

A – Ca-am phi boles; B – Fe-Mg-Mn 
am phi boles; for other ex pla na tions 

see Fig ure 8

Fig. 11. The bulk-rock chem is try of the raw ma te ri als from the
po ten tial source ar eas (tri an gles – ICP data, squares – XRF
data) and of the raw ma te rial of the tools from Groups 1 and 2
(crosses)

A – plot of wt.% SiO2 ver sus ra tio Mg/(Mg + Fet); B – plot of wt.%
Cr2O3 ver sus Fe2O3; 5–7 – Lower Silesia (Gogo³ów-Jordanów,
Braszowice-BrzeŸnica and Szklary mas sifs), 8 – West ern Lugicum
(Jizera Moun tains Piedmont), 9 – Penninic Bernstein Win dow, 10 –
Hrubšice Mas sif (Hrubšice, Biskoupky; Kudìlásek, 1965), 11 –
Gföhl Unit (Jevišovice dis trict), 12 – Mohelno Mas sif (Kudìlásek,
1965; Kudìlásková, 1972). Colours of el lip ses cor re spond to
colours of po ten tial sources used in the leg end (5, 6, 7 – green, 8 –
az ure blue, 9 – blue, 10–12 – red)

Fig. 9. Compositional vari a tions of the spinelides from the po -
ten tial raw ma te rial sources and both tool Groups in the di a -

gram A – #Mg vs. Fe3+/(Cr + Al + Fe3+) and B – #Mg vs. #Cr

For other ex pla na tions see Fig ure 8



Com par i son of the val ues of mag netic sus cep ti bil ity (MS)
ob tained from the both tool Groups and the raw ma te ri als from
the po ten tial sources sup ports the prov e nance of the tools’ raw
ma te rial be ing in Lower Silesia. The higher val ues ob tained on
some tools (Syrovice, Blazice, Boškùvky) also oc cur in some
raw ma te rial from Lower Silesia (Jañska Góra, BrzeŸnica). The
Moldanubian sources have rel a tively low mag netic sus cep ti bil -
ity com pared with the raw ma te rial of the tools. The serpenti -
nites from the Jizera Moun tains Piedmont have a predominatly
higher MS and sources from Cen tral Burgenland have gen er -
ally lower val ues of MS than the tools of both Groups. 

On the ba sis of the pe trog ra phy and min eral chem is try,
there is an ev i dent sim i lar ity in the raw ma te rial of Groups 1 and
2 to the raw ma te rial from Lower Silesia. The strong serpenti ni -
sation, low con tent of rel ics of pri mary min er als, pseudo morphs
filled with sec ond ary spi nels and the oc cur rence of zoned spi -
nels in the raw ma te rial of both tool Groups are sim i lar to the
sources from Lower Silesia. The zoned spi nels show up to
three zones of dif fer ent com po si tion, where chro mite or even
spinel com po nents in crease to wards the core, and con versely
the mag ne tite com po nent grows to wards the pe riph ery. The
zonation of the spinelides of the Group 2 spi nels is less dis tinct
and rather dif fuse com pared to that of Group 1. The raw ma te -
rial from Lower Silesia is sig nif i cantly sim i lar to the raw ma te rial
of both Groups in the zonation of the spinelides. The data ob -
tained from spi nels of the Gogo³ów-Jodanów and Braszowice -

-BrzeŸnica mas sifs and both tool Groups cor re spond to the
find ings of K¹dzia³ko-Hofmokl et al. (2008), deal ing with the
min er al ogy and mag ne tism of Fe-Cr spi nels from chro mite and
du nite lenses at the lo cal ity of T¹pad³a which oc ca sion ally oc cur 
in the ser pen tin ite mass. These con clu sions are sup ported by
com par i son with the re sults of the bulk chem is try from the
sources and tools. As op posed to the raw ma te rial of the tool
Groups in the serpentinites from the other prob a ble sources
(West ern Lugicum, Penninic Bernstein Win dow, Moravian
Moldanu bicum) pri mary min er als or their rel ics are al ways pre -
served. In the raw ma te rial of the tools, mea sur able rel ics of pri -
mary min er als were found only in the bat tle-axe from Brno -
-Starý Lískovec (Group 2). Their com po si tion cor re sponded to
that of the serpentinites from the Szklary Mas sif. In serpentini -
tes from the Jizera Moun tains Piedmont, pri mary py rox enes
were de tected. This is con sis tent with the serpentinites from this 
site not match ing, as raw ma te rial, the tools of Groups 1 or 2; it
is sim i lar for the serpentinites from the Jevišovice area and the
Hrubšice Mas sif in the Moravian Moldanubicum. In the
serpenti nites from the Bernstein area, many rel ics of pri mary
min er als were de tected, which does not cor re spond to the raw
ma te rial of the tools of Groups 1 or 2. 

These con clu sions from the pe trog ra phy and min eral chem -
is try are sup ported by the com par i son with the re sults of the
bulk-rock chem is try from the sources and tools. In the bi nary di -
a grams it is ev i dent that the tools of both Groups in di cate the
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Fig. 12. Com par i son of XRD-data of the tools and the po ten tial raw ma te rial sources 

A – ser pen tin ite bat tle-axes and sources from Lower Silesia; po ten tial sources: 1 – Gogo³ów-Jordanów Mas sif, 2 – Braszowice -
-BrzeŸnica Mas sif, 3 – Szklary Mas sif; tools: 4 – Zdìtín, 5 – Syrovice, 6 – Prostìjov; B – ser pen tin ite bat tle-axes and sources from
the Penninic Bernstein Win dow and West ern Lugicum; po ten tial sources: 1 – West ern Lugicum (Jizera Moun tains Piedmont), 2 –
Penninic Bernstein Win dow; tools: 3 – Zdìtín, 4 – Syrovice, 5 – Prostìjov



sources in Lower Silesia. By con trast, the sources from the
Jizera Moun tains Piedmont and the Bernstein area are sig nif i -
cantly dis tinct. The serpentinites from the Moravian Moldanu -
bicum (Jevišovice dis trict, Hrubšice and Mohelno mas sifs) do
not show a sig nif i cant dif fer ence from the sources in Lower
Silesia. Based on the re sults of the other meth ods used, it was,
how ever, es tab lished that the tools of nei ther Groups cor re -
spond with these sources. One of the sam ples from the
Bernstein area (Bernstein 1) has a dif fer ent chem i cal com po si -
tion (from ICP) than other sam ples from this area. In the di a -
gram some val ues of this sam ple are sim i lar to the val ues of the
tools, but the re sults of fur ther anal y ses (EMPA, ICP, MS) do
not sup port the pos si bil ity of prov e nance in this area.

In the tools of Group 1 (bat tle-axes from Prostějov, Zdětín,
Syrovice) antigorite, mag ne tite and spinel (in the bat tle-axe
from Syrovice also cal cite) were de tected. In the sam ples of
Lower Silesia, antigorite and mag ne tite were de tected in all
sam ples and in the sam ples from Gogołów and Wiry 2 car bon -
ates (magnesite) were also found. In some sam ples chlorite,
lizardite and am phi boles were also de tected. The sam ples from 
Braszowice and Szklary 2 showed more var ied com po si tion
than other sam ples. 

Com pared with the tools of Group 1, the sam ples from
West ern Lugicum had a dif fer ent com po si tion. The main com -
po nents of the sam ples are chlorite, talc and antigorite. There is 
a smaller amount of am phi bole, lizardite and do lo mite. Ac ces -
sory cal cite and mag ne tite are also pres ent. The sam ple
Bernstein 2 also had a dif fer ent com po si tion, where antigorite,
lizardite, chlorite and mag ne tite were de tected. The other sam -
ples from the Pennninic Bernstein Win dow (Rumpersdorf,
Bienenhütte) looked some what sim i lar to the tools, but the re -
sults of the other anal y ses used (EMPA, ICP, XRF, MS) does
not sup port this sim i lar ity.

It can be con cluded that the min eral com po si tion de tected
by XRD anal y ses (Fig. 12) cor re sponds with the com po si tion
found by study ing thin-sec tions un der a po lar iz ing mi cro scope.
Com pared to the com po si tion de ter mined by the study of thin-
 sec tions un der the po lar iz ing mi cro scope, in the tools from
Prostějov and Zdětín, car bon ates were found. This could be be -
cause XRD was ap plied only on the sur face of the bulk tools,

not on the pul ver ised sam ples. The sam ples from Lower Silesia
re vealed antigorite and antigorite-lizardite serpentinites. Anti -
gorite and antigorite-lizardite is also found at the Bernstein and
Loužnice sites. The tools were made of antigorite serpentinites.

The most prob a ble source of the raw ma te rial of the tools of
Group 1 and Group 2 used by the Corded Ware cul ture sup pos -
edly came from the Gogołów-Jordanów ser pen tin ite Mas sif in
Lower Silesia. Sources from West ern Lugicum and the
Pennninic Bernstein Win dow can be ex cluded, based on the
find ings of mag netic sus cep ti bil ity and chem i cal com po si tion.
The Moldanubian sources can be ex cluded based on chem i cal
and petrographic in ves ti ga tion and due to their low mag netic
sus cep ti bil ity com pared with the tools. Other sources seem un -
likely, es pe cially in view of the EMPA anal y sis. In view of the
EMPA anal y sis, sources near Hrubšice and Mohelno can also
be ex cluded, due to the pro nounced tec tonic dis rup tion and low
mag netic sus cep ti bil ity. Sources in the Jevišovice en vi rons
were char ac ter ized by the oc cur rence of si li ceous weath ered
serpentinites that were ex ploited dur ing the Neo lithic pe riod.
Their pres ence in di cates the weath er ing of the rock mas sif to a
depth of sev eral metres and the im pos si bil ity of ob tain ing
high-qual ity raw ma te ri als di rectly at the sur face. A fi nal com -
par i son is shown in the Ta ble 4, which in cludes the re sults of the 
anal y ses of the bat tle-axes of the Corded Ware cul ture and their 
pos si ble prov e nance.

CONCLUSIONS

Our com par i son of ser pen tin ite tools from Groups 1 and 2
with the raw ma te ri als of po ten tial source ar eas is based on
mac ro scopic and petrographic de scrip tions, in ves ti ga tion of the 
rock-form ing min er als us ing EMPA, de ter mi na tion of chem i cal
com po si tion and mea sure ment of mag netic sus cep ti bil ity. It
sup ports the idea that the place of or i gin of the raw ma te rial
used for the CWC bat tle-axes found in Moravia lay in Lower
Silesia, SW Po land. For some bat tle-axes (Prusinovice nos. 47
and 48) this fact is un der lined also by the ty po logi cal links be -
tween the raw ma te rial and the bat tle-axe of Ślęża type, doc u -
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Fig. 13. Con tents of ser pen tine group min er als in three CWC bat tle-axes from Moravia 
(Zdětín, Syrovice, Prostějov) and in var i ous ser pen tin ite sources of cen tral Eu rope

 (the es ti ma tions are based on XRD anal y sis)
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mented from the prov e nance area around Mount Ślęża. Be -
cause there is also ar chae o log i cal ev i dence from Po land of
Eneolithic min ing in the Gogołów-Jordanów Mas sif (Wojcie -
chowski, 1983, 1988), it can be con cluded that the source area
for these tool groups was in deed this mas sif.

The anal y ses un der taken have shown that the main char -
ac ter is tics of serpentinites from Lower Silesia and the raw ma -
te rial of Groups 1 and 2 are very strong serpentinisation, low to
al most no pres ence of rel ics of the pri mary min er als (fea tur ing
only pseudo morphs filled with sec ond ary spi nels), and the lo cal
oc cur rence of car bon ates, mainly spi nels. The spi nels of ten oc -
cur as zoned pri mary spi nels with their com po si tion chang ing
di rec tion ally from the core to the pe riph ery and as sec ond ary
un zoned spi nels of uni form com po si tion. The zoned spi nels
show up to three zones of dif fer ent com po si tion, where to wards
the core we see an in creas ing chro mite or even spinel com po -
nent and con versely to wards the pe riph ery a higher con tent of
mag ne tite com po nent. The vari abil ity in the chem i cal com po si -
tion of spi nels is also ap par ent in Fig ures 8 and 9. 

Our cur rent knowl edge (in clud ing newly as cer tained data
for raw ma te rial of artefacts) and com par i son with serpentinites
from dif fer ent parts of Cen tral Eu rope (Gogołów-Jordanów
Mas sif in Lower Silesia, Penninic Bernstein Win dow in Cen tral
Burgenland, Železný Brod crys tal line unit in north ern Bo he mia
and Moldanubicum of west ern Moravia) have shown that the

raw ma te ri als for the pro duc tion of ser pen tin ite tools of the
CWC in Moravia and Czech Silesia orig i nate from the
Gogołów-Jordanów Mas sif. From there, the min ing and us age
of its serpentinites (Wojciechowski, 1983, 1988) and their dis tri -
bu tion through out Po land (Skoczylas et al., 2000) are de -
scribed. In their fea tures the tools match the pre sumed source
in the Gogołów-Jordanów Mas sif. The anal y ses in di cated in -
ves ti ga tion of spi nels and rel ics of the pri mary min er als to be
most im por tant. The microprobe re sults were also in ac cor -
dance with mea sure ments us ing non-de struc tive tech niques
and with the ty po logi cal con nec tions of some tools to Lower
Silesia. Thus, these re sults sup port the pre vi ously pub lished
con clu sions of Přichystal and Šebela (1992). 
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tions and the re view ers, Doc. Ľ. Illášová, Ass. Prof. G. Sza -
kmány, Dr. P.M. Wojtulek and an anon y mous re viewer, for con -
struc tive com ments and sug ges tions which were help ful in pre -
par ing the fi nal ver sion of the pa per. Spe cial thanks to the ed i tor 
Prof. T.M. Peryt for his valu able com ments and help.
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