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As so ci ate Ed i tor: Tomasz Bajda

The lon gest known pre his toric quar ries for non-si li ceous (non-flint) rocks in con ti nen tal Eu rope were dis cov ered on the Bílý
Kámen Hill in cen tral Bo he mia (Czech Re pub lic) al ready in the pe riod be tween the World Wars. Due to post-war events, this
has been all but for got ten, and aware ness of this im por tant lo cal ity still ex ists only in the lo cal re search com mu nity. Its re -
search po ten tial has not yet been ex hausted. The ar ti cle pres ents the first ex act min er al og i cal and geo chem i cal char ac ter is -
tics of the raw ma te rial ex tracted in these pre his toric quar ries. The raw ma te rial is fun da men tally dif fer ent from some of the
mar ble artefacts from nearby work shops. The aim of this re search is to cre ate a solid foun da tion for the fu ture de tailed study
of pre his toric artefacts made from mar ble and to re view the deep-rooted idea of their dis tri bu tion within the old est ag ri cul tural
com mu ni ties in Cen tral Eu rope.
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INTRODUCTION

The Bílý Kámen (White Stone) Hill is lo cated near the town
of Sázava, ~40 km south-east of Prague (Fig. 1). The his tory of
the dis cov ery of the site be gan in 1937 and it is as so ci ated with
lo cal re searcher Ladislav Trèka. He found the first traces of pre -
his toric pol ished in dus try in the top part of an ac tive mar ble
quarry. This dis cov ery was fol lowed in the au tumn of the same
year by the work of ge ol o gist Karel Žebera (1911–1986), who
con ducted small-scale ar chae o log i cal re search of two ar chae o -
log i cal fea tures there. Žebera (1939) in ter preted one of these
as a pre his toric min ing pit. In the mid dle of the pit, he found a
layer of mar ble grit con tain ing up to 5 cm large frag ments of
mar ble and, above all, parts of the bro ken ham mer axes. Based 
on their pres ence, he dated the site to the Neo lithic pe riod
(Žebera, 1939). It was the first find ing of pre his toric min ing of
non-flint rocks on the Eu ro pean con ti nent.

The doc u men ta tion of this re search has been pre served
only fragmentarily (Fig. 2). Sev eral im por tant facts can be re -
con structed, how ever. The re mains of the Neo lithic quarry were 
pre served be tween two me di eval fea tures that were filled with a 
mix ture of Neo lithic artefacts (frag ments of pol ished tools, a flint 

ar row head, a sherd of Neo lithic pot tery) and items from the me -
di eval pe riod (pot tery from the 15th and 16th cen tu ries, iron
tools, an item made of lead). Ar chae o log i cal work con tin ued in
1939 with the in ves ti ga tion of two more min ing pits. In to tal, over 
6,000 pieces of pol ished in dus try were ac quired dur ing that
time. The as sem blage of tools from the site con tains only a
small num ber of whole tools; most of it con sists of their frag -
ments (Žebera, 1955). The au thor of the re search con sid ered
them min ing tools that were bro ken dur ing min ing and clas si fied 
them as ham mers and ham mer-axes made of am phi bo lite from
the sur round ing area. They are rep re sented pre dom i nantly by
bro ken per fo rated ham mer-axes (Fig. 3). This does not cor re -
spond to min ing tools from other places of pre his toric ex ploi ta -
tion of stone raw ma te ri als (e.g., those used dur ing the ex trac -
tion of metabasite in the Jizera Moun tains). There are rel a tively
large and heavy ham mer-stones that are rounded on one side
and pointed on the other and are made from lo cal metabasite
(Šída et al., 2014). An other sug ges tion in the lit er a ture (Vencl,
1960: 6), based on their mor pho log i cal anal y sis, is that the huge 
col lec tion of frag ments of pol ished in dus try in the quar ries on
the Bílý Kámen Hill had been brought from Neo lithic set tle -
ments at var i ous dis tances from the site al ready in bro ken con -
di tion and were used sec ond arily there.

The Bílý Kámen Hill (456 m a.s.l.) rep re sents part of the
Kácov Hills that are cut by a deep val ley of the Sázava River
(Fig. 4A). In mod ern maps, the Bílý Kámen area is re ferred to as 
“Na Sedlišti”. This site and its sur round ing area are now cov -
ered by a for est. The el e va tion of the area is be tween
300–500 m a.s.l. There is no land suit able for ag ri cul tural use
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Fig. 1. Bo he mia in Cen tral Eu rope with the po si tion of Prague, the study area
around the town of Sázava, and other im por tant sites men tioned in the text

Fig. 2. A small-scale Neo lithic quarry dis turbed 
by two later me di eval quar ries (A–D)

The sit u a tion cap tured dur ing the re search of K. Žebera in 1937; with out scale
(photo by L. Weidermann 1940. © Ar chive of the In sti tute of Ar chae ol ogy 

of the Czech Acad emy of Sci ences, Prague)



and there fore the sur pris ing pres ence of Neo lithic farm ers here
is most likely re lated to the ex trac tion of stone raw ma te rial
(mar ble). 

The de bate on this unique dis cov ery was in ter rupted by the
Sec ond World War and then by the post-war sit u a tion in
Czecho slo va kia. It was not un til the end of the 1960s that
Slavomil Vencl (1971) from the In sti tute of Ar chae ol ogy of the
Czecho slo vak Acad emy of Sci ences in Prague de cided to fol -
low-up on Žebera’s re search. In the first stage, he com piled a
de tailed map of the whole hill, where he doc u mented rel ics of
144 pits vis i ble on the sur face. These prob a bly orig i nated over
a long pe riod of time from the Neo lithic pe riod to the mod ern
times. This fact, how ever, has not been ver i fied by ar chae o log i -
cal ex ca va tion.

Re gard ing the dis tri bu tion of mar ble raw ma te rial, Žebera
(1939, 1955) as sumed its trans port to cen tral Bo he mia to the
re gions of Kolín (~30 km), Prague (~45 km) or the area of
Kladno (~70 km), where mar ble brace lets or beads were found.
The dis tri bu tion of mar ble brace lets was stud ied in greater de -
tail by Zápotocká (1984). She doc u mented 24 spec i mens from
17 sites in cen tral and north west ern Bo he mia where they are

as so ci ated with a later stage of the Stroked Pot tery cul ture
(SBK /DE Stichbandkeramik Kul tur/; 4900–4500/4400 cal BC;
Fig. 5B). The other ter ri tory with a sig nif i cant rep re sen ta tion of
mar ble brace lets is the sur round ings of the Saale River in cen -
tral Ger many (Fig. 5A), spe cif i cally at the burial grounds in
Rössen near Halle, where they are as so ci ated with the Rössen
cul ture (Niquet, 1937). Brace let pro duc tion in cen tral Bo he mia
is doc u mented only in the Kouøim area (~15 km NNE) and in
Kolín area (~25–30 km) in the form of drill ing cores up to 5–6 cm 
wide and up to 9.5 cm high. Prob a bly al ready fin ished prod ucts
– brace lets – were trans ported (Fig. 5A). It can be con cluded,
how ever, that the Chaîne opératoire  (op er at ing se quences) of
mar ble brace lets has not yet been de scribed.

Since no other pre his toric mar ble quar ries have yet been
iden ti fied in Cen tral Eu rope, ar chae o log i cal lit er a ture usu ally
as sumes the or i gins of mar ble brace lets to have been on the
Bílý Kámen Hill near Sázava. De spite this as sump tion, there is
still lack of de tailed char ac ter iza tion of the mar ble raw ma te rial
from these pre his toric quar ries in or der to con firm their prov e -
nance. Un til now, there has only been a clas sic petrographic
de scrip tion of the mar ble from the Bílý Kámen Hill, which was
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Fig. 3. The ex am ples of char ac ter is tic tools found by Karel Žebera

1–3 ham mer axes bro ken in a bore hole (phot. by P. Burgert)
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Fig. 4. Map of the Bílý Kámen Hill

A – view from the south, blue dots show ing the po si tion of the sam pling sites; B – ter rain
model of the lo cal ity with mar ble min ing pits from neo lithic to mod ern times (red poly gons) 
and the po si tion of the sam pling sites (blue tri an gles); the map mod i fied in ac cor dance
with Vencl (1971); the same sam ple num ber ing is main tained through out the en tire work

Fig. 5. Dis tri bu tion of mar ble brace lets in Cen tral Eu rope (A) and an ex am ple of a fin ished brace let found
in 1936 in the SBK grave in Kolín (B)

Red tri an gles – find ings of mar ble brace lets, yel low di a mond – find ings of mar ble drill ing cores, 
green as ter isk – Bílý Kámen (map af ter Zápotocká, 1984; photo by T. Davidová) 



pub lished in the Czech lan guage over 80 years ago (Koutek,
1936), and is in suf fi cient. There fore, in this pa per, we fo cus on
the com pre hen sive char ac ter iza tion of this raw ma te rial. 

GEOLOGICAL BACKGROUND 
OF THE SITE

The Bílý Kámen Hill is formed by an 850 m long and up to
200 m wide mar ble body with a NE–SW ori en ta tion, sur -
rounded by bi o tite and sillimanite-bi o tite paragneiss (Kodym, 
1997). The age of the rocks can not be re li ably doc u mented
due to their strong meta mor phism. The orig i nal sed i ments
are most likely of Lower Pa leo zoic age and were meta mor -
phosed dur ing the Variscan orog eny. From the per spec tive
of re gional ge ol ogy, this is part of the Šternberk-Èáslav
Group sit u ated on the bor der be tween the Moldanubian Zone 
and the Kutná Hora -Svratka Unit. While for merly this group
was usu ally clas si fied as part of the Kutná Hora-Svratka Unit, 
more re cently there have been fre quent opin ions on its clas -
si fi ca tion within the Moldanubicum (Kachlík, 1999). Fur ther
to the east, mica schists or two-mica paragneisses with
abun dant am phi bo lite bod ies out crop along the Sázava
River. On the other hand, just 500 m to the west of the Bílý
Kámen Hill, there are the cata clastic two-mica or bi o tite gran -
ites-granodiorites that form the edge of the Cen tral Bo he -
mian Pluton (Fig. 6). Gran ite or grano diorite veins can be
found not only in the im me di ate vi cin ity of the mar ble body,
but they also pen e trate into it (Koutek, 1936). The mar ble is
also af fected by a num ber of tec tonic dis tur bances that oc cur
mainly in the NNE–SSW di rec tion (con tin u a tion of the
Kouøim Fault), with the sec ond dis lo ca tion sys tem be ing al -
most per pen dic u lar to the first one. Par tic u larly at the point of
cross ing of tec tonic dis tur bances, the mar ble is crushed and
there fore un suit able for fur ther pro cess ing.

An other smaller out crop of crys tal line lime stone oc curs in
the mid dle of am phi bo lites in the Sázava Val ley, ~1.5 km
south of the Bílý Kámen Hill (Kachlík, 1999). Af ter ~1 km in a
straight line, the river cre ates a val ley with al ter nat ing am phi -
bo lite and dolomitic lime stone be tween Malovidy, Èeský
Šternberk and Sobìšín. Mar ble from Èeský Šternberk con -
tains Ag-Pb-Zn ores (Šrein et al., 2007), the pres ence of
which has even en cour aged their min ing in the past. It is ob vi -
ous that this dolomitic lime stone could have been of in ter est
to pre his toric pros pec tors, but there is no ev i dence of this.

METHODS

In 2017, eight sam ples were taken along the long axis of the
mar ble body (Fig. 7) to iden tify its pos si ble vari abil ity. Petro -
graphic thin-sec tions of the rocks were stud ied un der an Olym -
pus BX5 po lar iza tion mi cro scope and us ing the CAMECA
SX100 elec tron microprobe analyser in the Lab o ra tory of Elec -
tron Mi cros copy and Microanalysis of the Masaryk Uni ver sity’s
Fac ulty of Sci ence in Brno.

Mea sure ments were car ried out un der the fol low ing con -
di tions: wave prop a ga tion mode, ac cel er at ing volt age
15 keV, beam cur rent 10 and 20 nA, beam size 2–7 mm. The
count ing times for in di vid ual el e ments were 20–40 sec onds
and 10–20 sec onds for the back grounds. Almandine (Fe Ka); 
sanidine (Al Ka, K Ka); al bite (Na Ka); bar ite (Ba Ka); pyrope
(Mg Ka); wollastonite (Si, Ca Ka); Sn (Sn Ka), colum bite
Ivigtut (Nb Ka), spessartine (Mn Ka, Si Ka); ti tan ite, ana tase
(Ti Ka, Si Ka); CrTa2O6 (Ta Ka), to paz (F Ka); vanadinite (Cl
Ka, V Ka); chro mite (Cr Ka); gahnite (Zn Ka); U (U Ka),
ScVO4 (Sc Ka); brabantite (Th Ka), Ni2SiO4 (Ni Ka);
fluorapatite (P Ka); SrSO4 (Sr Ka, S Ka); zir con (Zr Ka);
phos phates of the rel e vant REEs (La, Ce, Pr, Nd, Sm, Gd,
Dy, Er, Yb). The con tents of the mea sured el e ments that are
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Fig. 6. Geo log i cal map of the study area, show ing the oc cur rence of mar ble bod ies

Adapted af ter Geo log i cal map of the Czech Re pub lic 1:50,000 (https://mapy.ge ol ogy.cz/geocr50/)



not listed in the ta bles were be low the de tec tion limit of the
ap pa ra tus (~0.02–0.05 wt.%). Raw data were cor rected us -
ing the X-phi cor rec tion (Merlet, 1994).

Some of the sam ples were stripped of weath ered parts,
crushed, ho mog e nized and sent for com plete geo chem i cal
anal y ses to the Bu reau Veri tas Min er als, Van cou ver, Can ada.
The con di tions un der which the anal y ses were car ried out can
be found at Bu reau Veri tas Met als and Min er als. We de ter -
mined also den si ties of cal cite mar ble from the pre his toric quar -
ries, drill ing core from Stará Kouøim and dolomitic mar bles from
the nearby area at Èeský Šternberk in our lab o ra tory.

All min eral ab bre vi a tions in the text and fig ures have been
taken from Whit ney and Ev ans (2010).

RESULTS OF THE PETROGRAPHIC
INVESTIGATION

Mac ro scop i cally, most sam ples have a sugar-white col our,
some with vis i ble grey streaks or light ochre col our in the area of 
smaller faults. The mar ble in sam ples 4 and 5 (cen tral and
north west ern part of the hill) has a dif fer ent, dis tinct grey tint
(very light grey N8 to light grey N7 in the Rock-Col our Chart with 
gen u ine Munsell color chips, Geo log i cal So ci ety of Amer ica,
1995) and the rock con tains sev eral-milli metre-wide white cal -
cite veins. The struc ture of the rock is mas sive with out ev i dent
meta mor phic schistosity; its tex ture is granoblastic, in places
cataclastic (brecciated). Larger cal cite grains with a di am e ter of
~1–5 mm are changed in a mix ture of smaller grains with var i -
ous di men sions (Fig. 8). They also show a typ i cal mul ti ple
twinning that is gooseneck-de formed in some grains. The mar -
ble is poor, with only small ad mix ture of clastic quartz usu ally
<0.1 mm in size, and few iso met ric ap a tite grains. In sam ple
2017_3, signs of pres sure dis so lu tion in the form of com mon
sty lo lites were iden ti fied. They are in di cated by a wrin kled dis -
con tin u ous string of phyllosilicate from the smectite group and
ap a tite crys tals.

CARBONATES

The microprobe anal y sis shows that the pre dom i nant car -
bon ate is rep re sented by rel a tively pure cal cite (Fig. 9; Bílý
Kámen 2017_1, 2017_3 and 2017_8 mar ble sam ples), oc ca -
sion ally with a slight ad mix ture of Mg up to 0.02 apfu (0.67%
MgO) and trace amounts of Fe and Mn (both el e ments up to
0.13% MnO and FeO). The dif fer ent ar chae o log i cal sam ple
from Stará Kouøim 2017_10 (drill ing core of a brace let) made

of dolomitic mar ble con tains both cal cite with Mg up to
0.04 apfu (1.65 wt.% MgO) with out ad di tional ad mix tures, and
do lo mite with traces of Mn and Fe (up to 0.11 or 0.27 wt.% ox -
ides; Fig. 12B, C). No other el e ments have been found in the
car bon ates.

816 Antonín PøichystaL, Pavel Burgert and Petr Gadas

Fig. 7. Sec tion across the Bílý Kámen Hill, show ing the al ti tude level 
of the stud ied sam ple

Fig. 8. Mar bles from Bílý Kámen in a thin sec tion un der 
po lar iz ing mi cro scope with crossed polars

Sam ple 2017_3 (A) has al most non-de formed granoblastic tex -
ture while sam ple 2017_2 (B) shows strongly de formed tex ture
with only large rel ict grains hav ing a gooseneck-de formed mul ti -
ple twinning. Youn ger veinlets filled by non-de formed cal cite are
also vis i ble



SILICATES

The most com mon ac ces sory min er als are am phi boles,
both in mar ble Bílý Kámen 2017_1 and ar chae o log i cal sam ple
Stará Kouøim 2017_10. They usu ally form subhedral crys tals up 
to 0.3 mm in size, more or less re placed by chlorite. Dolomitic
mar ble Stará Kouøim 2017_10 con tains fairly pure tremolite
(Fig. 10, in terms of the clas si fi ca tion of Leake et al., 1977 or
Haw thorne et al., 2012) with only a small amount of Na (up to
0.09 apfu), Al (up to 0.44 apfu), Fe2+ (up to 0.06 apfu) and traces 
of K (up to 0.03 apfu), Ti (up to 0.01 apfu) and Cl. The flu o rine
con tent is also low (up to 0.20 apfu). Spo radic am phi boles from
sam ple 2017_1 are very sim i lar in com po si tion. Dark mica,
form ing tab u lar crys tals up to 0.3 mm in size, is pres ent only in
ar chae o log i cal sam ple 2017_10. Com monly, the crys tals are
rimmed or partly re placed by chlorite (Fig. 12C). Its com po si tion
cor re sponds to phlogopite (Fig. 11B) with an eastonite com po -
nent con tent be ing be tween 14 and 17 mol%. The pres ence of
an annite or siderophyllite com po nent is neg li gi ble due to the
very low con tent of Fe (up to 0.66 wt.% FeO; Ta ble 1). The con -
tents of other el e ments are very low (Na up to 0.04 apfu, Ba up
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Fig. 9.  Car bon ates of mar ble sam ples from the Bílý Kámen
Hill and of ar chae o log i cal arte fact from Stará Kouøim

(2017_10) in the Ca-Mg-Fe clas si fi ca tion tri an gle

Fig. 10. Clas si fi ca tion of am phi bole from mar ble sam ples from
the Bílý Kámen Hill and from ar chae o log i cal arte fact from Stará
Kouøim (2017_10) in the di a grams ac cord ing to Leake et al.
(1977) and Haw thorne et al. (2012)

A

B

Fig. 11. Clas si fi ca tion of mus co vite from mar ble Bílý Kámen
2017_8 (A) and of dark mica from mar ble arte fact Stará

Kouøim 2017_10 (B) ac cord ing to Deer et al. (1992) 



to 0.01 apfu, Ca up to 0.01 apfu, and V up to 0.01 apfu). The ex -
cep tion is Ti, the con tent of which fluc tu ates be tween 0.06 and
0.07 apfu (1.05–1.36 wt.% TiO2). The flu o rine con tent is rel a -
tively low and ranges be tween 0.30 and 0.34 apfu. Lower po tas -
sium con tent (0.64–0.69 apfu) in most of anal y ses and par tial
non-stoichiometry sug gests weak chloritization of phlogopite in
places.

Mus co vite, rich in the phengitic com po nent, was iden ti fied
only in sam ples Bílý Kámen 2017_3 and 2017_8. It forms ag -
gre gates, up to 0.3 mm in size, com posed of flaky crys tals of ten
as so ci ated with phyllosilicate from the smectite group and
quartz (Fig. 12D). The celadonite com po nent var ies around
40 mol.% (Fig. 11A). The re duced oc cu pancy of the A-po si tion
(i.e. the lower K+Na con tent) also in di cates an el e vated pro por -
tion of the pyrophyllite com po nent. The in creased Ca con tent
(~0.06 apfu) is un usual, but this may be re lated to sub mi cro -
scopic in clu sions of car bon ates (Ta ble 1).

Chlorite was ob served re plac ing or rim ming am phi bole and
phlogopite, or intergrowing with talc only in ar chae o log i cal sam -
ple 2017_10 (Fig. 12C). The chem i cal com po si tion is close to
clinochlorite with a low amount of Fe (up to 0.07 apfu or
0.89 wt.% FeO; Ta ble 1). 

Talc that was iden ti fied only in ar chae o log i cal sam ple
2017_10 in ti mately intergrowts with chlorite, cal cite and small
grains of un iden ti fied Ti-ox ide (Fig. 12C). Its chem i cal com po si -
tion cor re sponds to rel a tively pure end mem ber, with only
traces of Al (up to 0.02 apfu) and Fe (up to 0.02 apfu). Traces of
Ca (up to 0.01 apfu) could re late to the sub mi cro scopic pres -
ence of car bon ates

APATITE

Ap a tite was found in all sam ples of ten as iso met ric iso lated
grains rang ing in size be tween 50 and 150 mm. In sam ple 2017_3,
it oc curs ob vi ously near ir reg u lar su ture-like con tacts pro duced by
pres sure dis so lu tion (sty lo lites) and filled with a phyllosilicate of the 
smectite group (Fig. 12A). The ap a tite cor re sponds to al most pure
fluorapatite in all cases. Only a trace amount of Cl was found in
sam ples 2017_1 and 2017_8 (up to 0.01 apfu), and a slightly el e -
vated con tent in mar ble 2017_10 (up to 0.08 apfu) (Ta ble 1).
Based on the con ver sion stechio metry, the high est hydro xyla -
patite com po nent con tent was in sam ple 2017_1 (5–10 mol%),
while it did not ex ceed 5 mol% in the other sam ples. Sam ple
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Chem i cal com po si tion (main ox ides, trace el e ments, rare earth el e ments) of eight mar ble sam ples from Bílý Kámen and,

 Sample SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O TiO2 P2O5 MnO LOI Sum Ba Co Cs Nb Rb Sr Th U

 Unit [%] ppm

Bílý

Kámen

2017_1

Rock
Pulp

1.63  0.26  0.15 0.74 54.60  0.04 0.02 <0.01 0.02 0.02 42.5 99.98 52 0.3 <0.1 0.4 0.3 213.1 <0.2  0.1

Bílý

Kámen

2017_2

Rock
Pulp

3.14  0.21  0.16 0.42 53.39  0.04 0.02 <0.01 0.14 0.03 42.4 99.95 16 <0.2 <0.1 0.1 0.5 197.9 <0.2  0.3

Bílý

Kámen

2017_3

Rock
Pulp

1.13  0.07  0.11 0.36 55.13 <0.01 <0.01 <0.01 0.04 0.03 43.1 99.97 3 <0.2 <0.1 0.3 <0.1 198.2 <0.2  0.2

Bílý

Kámen

2017_4

Rock
Pulp

2.55  0.15  0.19 0.79 53.78 <0.01 <0.01 <0.01 0.02 0.02 42.4 99.90 66 <0.2 <0.1 <0.1 <0.1 217.7 <0.2  0.1

Bílý

Kámen

2017_5

Rock
Pulp

4.06  0.14  0.15 0.65 53.02 <0.01 <0.01 <0.01 0.20 0.05 41.7 99.97 7 <0.2 <0.1 <0.1 <0.1 216.5 <0.2  0.2

Bílý

Kámen

2017_6

Rock
Pulp

1.62  0.15  0.16 0.67 54.32 <0.01 <0.01 0.01 <0.01 0.02 43.0 99.95 8 <0.2 <0.1 <0.1 <0.1 283.6 <0.2  0.1

Bílý

Kámen

2017_7

Rock
Pulp

2.29  0.11  0.19 0.76 53.68 <0.01 <0.01 <0.01 0.06 0.04 42.8 99.93 9 0.2 <0.1 <0.1 <0.1 212.3  0.2 <0.1

Bílý

Kámen

2017_8

Rock
Pulp

3.32  0.22  0.24 0.58 53.41 <0.01  0.02 <0.01 0.03 0.02 42.1 99.94 10 0.2 0.7  0.3  2.7 298.5  0.4  0.2

Stará

Kouøim

2017_10

Rock
Pulp

2.76  0.35  0.44 19.11 32.42 <0.01  0.08 0.03 0.01 0.05 44.4 99.65 14 0.9 <0.1  0.1  1.9 112.8  0.5  0.4

In ad di tion, the fol low ing el e ments with val ues be low the limit of de tec tion were also de ter mined: Ni <20 ppm, Sc <1 ppm, Be <1 ppm, Ga <0.5 ppm,
anal y sis per formed by the Bu reau Veri tas Com mod i ties Can ada Ltd.



2017_10 yielded a trace con tent of S up to 0.007 apfu, and all
sam ples show a trace con tent of Si (~0.01 apfu). The con tents of
other el e ments were be low the de tec tion limit.

OTHER ACCESSORIES

A grain of Ca-rich plagioclase, up to 0.1 mm large, was
found in sam ple Bílý Kámen 2017_1. The con tent of an or thite
com po nent ex ceeds 95 mol%. It is as so ci ated with a tiny crack
filled with bar ite. In ar chae o log i cal sam ple 2017_10, Ti-ox ides
(pre dom i nantly rutile), 50 mm in size, were iden ti fied as in clu -
sions in chlorite-talc inter growths (Fig. 12C). Li mo nite pseudo -
morphs af ter prob a bly py rite rep re sent other sub stan tially less
fre quent ac ces sory min er als in sam ple 2017_1.

Our find ings are largely in line with the ear lier petrographic
stud ies of Koutek (1936) and Kachlík (1999) sug gest ing that
the mar ble from Bílý Kámen is pure cal cite mar ble with the ac -
ces sory pres ence of sil i cates (tremolite, mus co vite, chlorite)
and ap a tite. This type is ex cep tional in the Šternberk–Èáslav
Group. Dolomitic mar bles dom i nate there (for ex am ple the
nearby bod ies at Èeský Šternberk). While crys tal line lime -
stones are also wide spread in south ern Moldanubicum, these

con tain di op side and other min er als that do not oc cur in mar ble
from the Bílý Kámen Hill, such as ti tan ite, al la nite and, more
rarely (in the Èeský Krumlov belt of the Var ied Moldanubian
Group), tour ma line (Houzar et al., 2017).

CHEMICAL COMPOSITION

Com plete chem i cal anal y sis of eight mar ble sam ples was
im ple mented in the lab o ra to ries of Bu reau Veri tas Min er als
(Van cou ver, Can ada). As shown in Ta ble 1, there are no sig nif i -
cant dif fer ences in their com po si tion; the whole body is there -
fore ho mo ge neous. In all cases these are very pure cal cite mar -
bles with an av er age of only ~0.62% (0.36–0.79%) MgO and a
min i mum of other ma jor ox ides: SiO2 on av er age 2.47%
(1.63–4.06%), Al2O3 on av er age 0.16% (0.07–0.26%), to tal Fe
ex pressed as Fe2O3 on av er age 0.17% (0.11–0.24 %) and
P2O5 on av er age 0.06% (0.01–0.20%). Other ox ides, i.e. TiO2,
Na2O, K2O and MnO, did not reach even 0.05%. The quan ti ties
of the ma jor ity of other trace el e ments (Ag, Au, Cr, Hg, Ni, Sc,
Be, Bi, Cd, Co, Cs, Ga, Hf, Sb, Se, Sn, Ta, Th, Tl, V, W) were
be low or at the limit of sen si tiv ity of the meth ods used. None of
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T a  b l e  1

for com par i son, one ar chae o log i cal sam ple (drill ing core) from the SBK work shop at Stará Kouøim

Sample Zr Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Mo Cu Pb Zn Ni As Cd

 ppm

Bílý

Kámen

2017_1

 2.6  0.4  0.7  1.1 0.12 0.5 0.07 0.02 0.11 0.02 0.08 <0.02 0.04 <0.01 0.07 <0.01 0.5 1.2 3.7 10 <0.1  0.6 <0.1

Bílý

Kámen

2017_2

 2.7  2.4  2.0  2.4 0.38 1.4 0.27 0.10 0.39 0.05 0.27 0.06 0.17 0.02 0.12 0.02 0.7 1.1 6.5 18  0.1 <0.5  0.2

Bílý

Kámen

2017_3

 4.6  2.1  2.0  2.2 0.34 1.5 0.26 0.08 0.32 0.05 0.29 0.06 0.12 0.02 0.11 0.02 0.3 2.1 3.8 6 <0.1 <0.5  0.3

Bílý

Kámen

2017_4

 2.0  0.5  0.9  1.0 0.14 0.4 0.05 0.02 0.11 0.01 <0.05 <0.02 0.04 <0.01 <0.05 <0.01 0.4 1.1 3.6 12  0.4  0.7 <0.1

Bílý

Kámen

2017_5

 2.8  2.4  2.0  2.3 0.31 1.3 0.24 0.07 0.26 0.04 0.24 0.05 0.09 0.01 0.08 0.01 0.3 1.6 2.4 7 <0.1  0.6 <0.1

Bílý

Kámen

2017_6

 3.1  0.7  1.3  1.8 0.21 0.8 0.16 0.04 0.13 0.02 0.12 <0.02 0.07 <0.01 <0.05 <0.01 0.5 1.0 3.1 11  0.7  0.8 <0.1

Bílý

Kámen

2017_7

 1.5  4.2  1.8  2.8 0.38 1.3 0.49 0.13 0.67 0.11 0.74 0.13 0.40 0.04 0.23 0.05 0.4 0.9 7.0 5  0.8  0.5 <0.1

Bílý

Kámen

2017_8

 2.8  1.0  2.7  3.4 0.30 1.0 0.11 0.05 0.15 0.02 0.14 0.03 0.08 <0.01 0.08 0.01 1.0 1.3 4.2 8  0.3  2.2 <0.1

Stará

Kouøim

2017_10

15.0  1.3  2.2  2.8 0.33 1.2 0.23 0.06 0.23 0.03 0.17 0.03 0.10 0.01 0.13 0.02 1.6 1.7 3.9 37  0.9 <0.05  0.1

Hf <0.1 ppm, Sn <1 ppm, Ta <0.1 ppm, V <8 ppm, Bi <0.1 ppm, Ag <0.1 ppm, Au <0.5 ppb, W <0.5 ppm, Tl <0.1 ppm, Sb <0.1 ppm, Hg <0.01 ppm;



the sam ples from the Bílý Kámen Hill could be clas si fied as
dolomitic mar ble or do lo mite.

For com par i son, we also ana lysed a few mar ble artefacts
from nearby pre his toric work shops in the Kouøim area us ing the 
ED-XRF method. All artefacts showed sub stan tially dif fer ent
com po si tion as con cerns the MgO con tent. It means they are
rep re sented by dolomitic mar bles. To be sure, we also pre -
pared one of these artefacts for a pre cise anal y sis in the lab o ra -
to ries of Bu reau Veri tas Min er als. It was a mar ble drill ing core
from Stará Kouøim (Ta ble 1, Sam ple 2017_10). We could use
only one arte fact be cause the anal y ses in Can ada are de struc -
tive. At first glance, there are ob vi ous dif fer ences in its chem is -
try com pared to the mar ble sam ples from the Bílý Kámen Hill.
The main ones con cerned the higher con tent of MgO (min er al -
og i cally do lo mite) and Al2O3. The to tal Fe, ex pressed as Fe2O3,
is also higher. As re gards the trace el e ments, it is nec es sary to
em pha size the sig nif i cantly in creased Zn and Zr con tents, while 
ra dio ac tive el e ments U and Th are pres ent in slightly higher
con tents. It is there fore ob vi ous that yet an other source of mar -
ble (in this case dolomitic) must have been used dur ing the
Neo lithic pe riod. This could be in the area of the Štern -
berk–Èás lav Group of the Kutná Hora Crys tal line Com plex, for
ex am ple some where in the vi cin ity of Èeský Šternberk. Sim i lar
find ings of mar ble artefacts come from the work of Bøezinová
and Bukovanská (1984), as part of their petrographic as sess -
ment con nected with the re search of Zápotocká (1984). Ac -
cord ing to ex am i na tion of the re sults of colour ing tests and
X-ray diffractography, they also sug gested that the raw ma te rial 
used for mak ing the drill ing cores from Stará Kouøim and the
Kolín area was highly dolomitic lime stones to metadolomites.
They sought their sources in the bod ies of dolomitic mar ble in
the area be tween Èeský Šternberk, Malovidy and Sobìšín.  

DENSITY 

This prop erty seems to be very im por tant be cause it can be
de ter mined by non-de struc tive method. We found sig nif i cant
dif fer ences be tween den si ties of cal cite mar ble from the Bílý
Kámen Hill and that of arte fact (drill ing core) from Stará Kouøim.
Den si ties of the pure cal cite mar ble from pre his toric quar ries
vary be tween 2.678–2.697 g/cm3, while den sity of the drill ing
core from Stará Kouøim is sub stan tially higher – 2.826 g/cm3

and is very sim i lar to den si ties of dolomitic mar ble from other
po ten tial source – the aban doned quarry “Na Støíbrné” near
Èeský Šternberk: 2.838–2.859 g/cm3. 

CONCLUSIONS

Pre his toric quar ries dis cov ered in 1937 on the Bílý Kámen
Hill near Sázava rep re sent the first proof of Neo lithic ex trac tion
of non-si li ceous raw ma te rial in con ti nen tal Eu rope. The aim of
this work is to char ac ter ize com pre hen sively the raw ma te rial
ex tracted. It is a high-grade, white-to-grey cal cite mar ble with an 
ad mix ture of SiO2 up to 4% and MgO up to 1%. Other ox ides
are <0.3%. The mar ble forms a lens ~850 m long and up to
200 m wide in the bi o tite and sillimanite-bi o tite paragneiss of the 
Šternberk–Èáslav Group (south ern part of the Kutná Hora crys -
tal line unit). Sev eral gran ite veins from the nearby Cen tral Bo -
he mian pluton pen e trate the mar ble in sev eral places, and it is
also dis turbed by a NNE–SSW-run ning fault sys tem. Thin -sec -
tions clearly show mar ble mylonitization due to pres sure -tex ture 
dis tur bance. The cal cite it self con tains only a small amount of
Mg and Fe. Sil i cate min er als are rep re sented by rare oc cur -
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Fig. 12. Back-scat tered im ages of in di vid ual ac ces sory min er als in mar ble Bílý Kámen
2017_3 (A, D) and mar ble arte fact 2017_10 (B, C)

For ex pla na tions see the text



rences of am phi bole, mus co vite and a phyllosilicate like
smectite. Among heavy min er als, there is a sig nif i cant pres -
ence of small ap a tite grains in the sur round ings of sty lo lites,
and of Ti-ox ide (prob a bly rutile), while ore min er als are rep re -
sented by pseudo morphs of goethite af ter py rite.

Due to the proven Neo lithic ex trac tion, the mar ble from the
Bílý Kámen Hill near Sázava is con sid ered by ar chae ol o gists
(Zápotocká, 1984) as the source of raw ma te ri als not only for the
brace lets but also for other mar ble per sonal or na ments in cen tral
Bo he mia, the cem e ter ies of the Rössen cul ture near Halle in east
Ger many, and in other places. The mar ble brace lets (or drill ing
cores that doc u ment their pro duc tion) found in the work shops of
the Stroked Pot tery cul ture in the nearby Kouøim and Kolín ar eas
were as sumed to be mar ble from the Bílý Kámen Hill. ED-XRF
anal y ses of more mar ble artefacts, in clud ing a de tailed chem i cal
anal y sis of the drill ing core from Stará Kouøim (ar chae o log i cal
sam ple 2017_10, dolomitic mar ble) given in this pa per, does not,
how ever, cor re spond to the pure cal cite mar ble from the Bílý
Kámen Hill. There are also dif fer ences in oc cur rences of ac ces -
sory min er als (al most pure tremolite, dark mica cor re spond ing to
phlogopite, and pres ence of talc have been re corded in the
dolomitic mar ble of ar chae o log i cal sam ple).

A sim i lar con clu sion about the dif fer ent raw ma te rial of
artefacts (dolomitic mar ble to metadolomite) com pared with the 
crys tal line lime stone from the Bílý Kámen Hill had al ready been
reached ear lier by D. Bøezinová and M. Bukovanská, us ing
colour ing tests and X-ray dif frac tion (Zápotocká, 1984). On the

other hand, the strik ing prox im ity of these work shops to the
sources of mar bles and dolomitic mar bles be tween Sázava and 
Èeský Šternberk sug gests that some other bod ies in the vi cin ity 
of Èeský Šternberk were also prob a bly ex ploited. The sys tem -
atic ar chae o log i cal and geo log i cal ex plo ra tion of this area in the
com ing years, sup ported by the Czech Sci ence Foun da tion,
should re solve these ques tions.

Our find ings are largely in line with the ear lier petrographic
stud ies of Koutek (1936) and Kachlík (1999) sug gest ing that the 
oc cur rence at the Bílý Kámen Hill is pure cal cite mar ble with
rare ac ces sory sil i cates (am phi bole, mus co vite, smectite-like
mica) and ap a tite. This type is ex cep tional in the Štern -
berk–Èás lav Group; dolomitic mar ble dom i nates there (e.g., the 
nearby bod ies near Èeský Šternberk). While mar bles are also
wide spread in south ern Moldanubicum, these con tain di op side
and other min er als that do not oc cur in mar ble from the Bílý
Kámen Hill, such as ti tan ite and al la nite, and, more rarely (in the 
Èeský Krumlov belt of the Var ied Moldanubian Group) also
tour ma line (Houzar et al., 2017).

Ac knowl edge ments. The re search de scribed in this pa per 
was ac com plished with sup port from the pro ject “Mar ble as a
raw ma te rial in the Neo lithic jew els of Cen tral Eu rope” (Pro ject
19-04121S), fi nanced by the Czech Sci ence Foun da tion. The
au thors are grate ful to the jour nal ref er ees for their crit i cal re -
views of the manu script.  
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