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The flint mine site Wierzbica 'Zele' (Poland)
and Bronze Age workshop materials after forty years
of new research (1979-2018)

Jacek Lech & Dagmara H. Werra

Abstract

 Between 1980-1988, the 'Zele' �l�nt m�ne �n ��er���ca, �a��m ���tr�ct ���lan��, wa� am�ng the m��t e�ten���el� e�ca-�l�nt m�ne �n ��er���ca, �a��m ���tr�ct ���lan��, wa� am�ng the m��t e�ten���el� e�ca-
�ate� preh��t�r�c �l�nt m�ne ��te� �n Eur�pe. 'Zele' �� ���t�ngu��he� �� the pre�ence �n the �ur�ace �� �mall l�me�t�ne �la�� an� 
ru��le m��e� w�th �l�nt� an� pl�ughe� ���l. On the �a��� �� re�earch carr�e� �ut �� �ar, �t �� certa�n that the m�ne wa� �perate� 
��r �e�eral hun�re� �ear� �n the Br�n�e Age. The purp��e �� the pre�ent art�cle �� t� �e�cr��e the e�ca�at��n� an� the ma�n 
re�earch re�ult�. The paper pre�ent� new character��t�c� �� the 'Zele' �l�nt, a �ar�et� �� 'ch�c�late' �l�nt �r�m Central ��lan�, an� 
the m�rph�l�g�cal an� we�ght �tructure� �� �l�nt �n�ent�r�e� �r�m the m�n�ng ��te.

Keywords: Br�n�e Age, �l�nt m�ne, ch�ppe� �l�nt�, 'parac�re', 'ch�c�late' �l�nt, ��er���ca 'Zele', archae�l�g� �� ��lan�.

Résumé

 De 1980 et 1988, la minière à silex de « Zele » à Wierzbica dans le district de Radom (Pologne) fut l’une des mines de 
silex préhistoriques la mieux fouillée d’Europe. Le site de « Zele » se caractérise par la présence en surface des plaquettes et débris 
de calcaire mélangés à du silex et du sol cultivé. Sur base des recherches réalisées jusqu’à présent, il est certain que la minière 
fut en activité durant plusieurs siècles, au cours de l’âge du Bronze. Cette contribution a pour objet de décrire les fouilles et les 
principaux résultats des recherches. L’article présente également les nouvelles caractérisations du silex de type « Zele », une variété 
de silex « chocolat » du centre de la Pologne ainsi que la structure morphologique et quantitative de l’assemblage lithique du site 
minier. 

Mots-clés : âge du Bronze, minière à silex, silex taillés, « paranucléus », silex « chocolat », Wierzbica « Zele », archéologie de 
Pologne.

1. IntroductIon

 ��er���ca �� a large ��llage w�th me��e�al 
r��t�, the �eat �� the mun�c�pal�t�, twent� 
k�l�metre� ��uth �� �a��m, a me��um ���e� c�t� 
�n Central ��lan�. The ��llage an� the ��er���ca 
'Zele' �l�nt m�ne ��te l�e �n the area �� the Iłża 
F�relan�, near the ��r�er w�th the �a��m 
�la�n �F�g. 1�.

 The ��te �51°14’47’’N, 21°03’10’’E� 
ha� �een the �u�ject �� �e�eral art�cle� an� 
�e�eral unpu�l��he� c�n�erence paper� �e.g. 
Młynarczyk, 1983; Lech, 1984, 1995, 1997a, 
1997�; Lech et al., 2011, Lech et al., 2015�.

Fig. 1 – ��er���ca, �a��m D��tr�ct ���lan��. Autumn 
1979. A general ��ew �n the area �� the preh��t�r�c 

�l�nt m�ne site 'Zele' and �t� �urr�un��ng�.
�h�t� �� J. Lech.
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2. the 'Zele' flInt

 The ��te �� ��tuate� �n a �elt �� ch�c�late 
�l�nt �ep���t� wh�ch �ccur �n the Upper Jura���c 
l�me�t�ne an� kar�t�c cla��. Un�er t�p���l, �n the 
natural �trat���cat��n �� the ��te, there �� a la�er �� 
�le��t�cene �an�� m��e� w�th ��ul�er cla�. Un�er-
neath, there �� a la�er �� cla� c�nta�n�ng �l�nt� �� 
����erent �hape� an� ���e� an�, �t�ll �eeper, a la�er 
�� weathere� Upper Jura���c �Late O���r��an� 
��l�t�c an� cla�e� l�me�t�ne�, al�� w�th �l�nt� 
�Lech, 1984, p. 186, 1995, p. 467; PřichystaL, 
2013, p. 108�. In ��me place�, �mall �lattene� �l�nt 
n��ule� an� ta�ular �l�nt plate� �ccur ju�t �el�w 
the �ur�ace, �ut the large n��ule� �� �l�nt are ��un� 
at �eeper an� at the �eepe�t e�pl��tat��n le�el�.

 The 'Zele' �l�nt e�pl��te� �nl� at ��er���ca 
�� a �ar�ant �� 'ch�c�late c�l�ure� �l�nt' �r�m 
Central ��lan�. It ha� �een g��en the general 
name �� 'Zele' t�pe ch�c�late �l�nt, wh��e weak 
gl��� an� the appearance, at t�me�, �� �harp 
��r�er� �etween the �lack an� �r�wn c�l�ur� 
�n the ��l�ca ���t�ngu��he� �t �r�m �ther t�pe� �� 
ch�c�late �l�nt �F�g. 2�. The raw mater�al appear� 
�n �ar��u� ��rm� �r�m �mall, �lat n��ule� t� large 
plate �hape� an� �ul��u� n��ule�, �er� large 
�ul��u� n��ule�, reach�ng e�en 100 cm �n 
��ameter. The latter �ccur� �n preh��t�r�c �eature� 
�er� rarel�, �ecau�e the�r �ep���t� are ��tuate� 
�eeper an� u�uall� were n�t e�pl��te� �schiLd, 
1971, p. 8-11, 34-35, 1976, p. 147-150, 1987, 
p. 137-139, 148; Lech et al., 2011, p. 109-111�.

 The 'Zele' �l�nt �� character��e� �� l�w 
p�r���t� �F�g. 3:1�. The p�re� are u�uall� �mall 
an� are ��ten ��rme� �� the �����l��ng �� 
calc�te cr��tal� pre�ent �n the n��ule. Negat��e� 
�� rh�m��he�ral calc�um car��nate cr��tal� 
�F�g. 3:2� an� trace� �� c�mpletel� ��l�c���e� 
m�cr������l� ha�e ��ten �een ��un�. The�r 
pre�ence �� u�uall� �����le at the e�ge� �� n��ule� 
that ha�e un�erg�ne a pat�nat��n pr�ce��. 
�em��al �� e�en a �mall am�unt �� ��l�ca re�eal� 
the pr�mar� �e��mentat��n �tructure�.

 �hen anal���ng the 'Zele' �l�nt, the 
cath���lum�ne�cence �� acce���r� m�neral� 
wa� ���er�e�, m��t ��ten �range lum�ne�cence 
�� calc�te �F�g. 3:3�. The character �� the 
lum�ne�cence ��e� n�t �epen� �n the ��rm �n 
wh�ch the calc�um car��nate �ccur�. B�th the 
��ngene��� calc�te an� �mall, rel�c e�tru���n� 
�� calc�te lum�ne�ce �n the �ame wa�. In �ne 
ca�e calc�te wa� ���er�e� t� gl�w �range, 
��rm�ng �rregular �hape� aggregate� �ccurr�ng 
�n 'ch�c�late' �l�nt �r�m the �l� quarr� �� the 
'�r��jaźń' cement w�rk� �n ��er���ca. A �r�ght 
�ell�w lum�ne�cence �n cath���lum�ne�cence 
ra��at��n �� character��t�c �� �mall c�ncentrat��n� 
�� �ar�te �ccurr�ng �n �l�nt �r�m the ��er���ca 
'Zele' ��te an� �r�m the ��er���ca quarr� �F�g. 3:4�. 
Th�� t�pe �� lum�ne�cence �� c�nnecte� w�th the 
pre�ence �� apat�te. Apat�te u�uall� ha� a �er� 
weak gre�-�r�wn gl�w, a character��t�c �eature 
when �t �u�l�� ph��phate �rgan�c rema�n� pre�ent 
�n �l�nt. The �ec�n� t�pe �� lum�ne�cence �� 
apat�te �� a �lue c�l�ur, ���er�e� �nl� �n the ca�e 
�� �mall aut�gen�u� apat�te he�ag�nal pr��m�. 
Th�� t�pe �� apat�te wa� ��un� �n �l�nt �r�m the 
��er���ca quarr� an� �r�m the ��er���ca 'Zele' 
��te ��ee F�g. 3:5; Werra & siuda, 2015a an� �; 
the pre�ente� re�ult� were ��ta�ne� �ur�ng w�rk 
�n the pr�ject ��nance� w�th �un�� pr����e� �� 
the Nat��nal Sc�ence Centre – ��ELUDIUM 2 
DEC-2011/03/N/HS3/03973�.

3. the fIrst research and excavatIons 
of the WIerZbIca 'Zele' flInt mIne

 The ��te wa� ���c��ere� �e��re the 
Sec�n� ��rl� �ar �� the well-kn�wn ��l��h 
preh��t�r�an Ste�an Kruk�w�k� �schiLd, 1997-
1998, p. 347-348�. S. Kruk�w�k� �1890-1982�, a 

Fig. 2 – ��er���ca, �a��m ���tr�ct ���lan��.
The preh��t�r�c �l�nt m�ne ��te 'Zele'. N��ule� �� 
'ch�c�late' �l�nt �� the 'Zele' t�pe �me��um ���e�, 

�r�g�nat�ng �r�m e�ca�at��n� �n Cutt�ng I/80.
�h�t� �� J. Lech.
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pre-em�nent re�earcher �� the �alae�l�th�c an� 
ch�ppe� �n�u�tr�e�, wa� al�� a p��neer �n �tu��e� 
�� preh��t�r�c �l�nt m�n�ng �n ��lan� �Lech & 
PiotroWska, 2009�.

 In the �eg�nn�ng �� 1972 the g��ernment 
�� the ��l��h �e�ple� �epu�l�c �egan t� �u�l� a 
new cement plant �n ��er���ca. A� part �� the 
pr�ject, a c�ncrete r�a� a�apte� t� the tra���c �� 
hea�� �eh�cle� wa� �u�lt acr��� 'Zele', lea��ng t� 
a quarr� �� Jura���c l�me�t�ne, �e�ng prepare� 

��r the new plant. The r�a� �n �t� ��uth ���e, �� 
a��ut �ne metre cut �nt� a �l�ght ele�at��n �� the 
terra�n. The re�cue e�ca�at��n� were nece��ar�.

 In the �ummer �� 1979 �t wa� �ec��e� 
t� �����e the re�earch pr�ject �nt� tw� �tage�. 
Stage I – the rec�nna���ance, 1979-1980, wa� 
t� �ec��e a��ut the �c�pe �� the w�rk an� the 
meth��� u�e� �n the ne�t �tage. Stage II wa� t� 
�eg�n w�th e�ca�at��n� �n 1981. The a�m wa� t� 
rec�nn��tre the m�ne – t� �eterm�ne the t�pe �� 

Fig. 3 – ��er���ca 'Zele', �a��m ���tr�ct ���lan��. 
Scann�ng electr�n m�cr��c�pe ph�t��:
1. Sur�ace �� 'Zele' t�pe ch�c�late �l�nt;

2. Negat��e� �� rh�m��he�ral calc�um car��nate 
cr��tal�. Lum�ne�cence �n cath���lum�ne�cence 

ra��at��n; 3. Orange c�l�ur lum�ne�cence �� calc�te;
4. Yell�w c�l�ur lum�ne�cence �� �mall 

c�ncentrat��n� �� �ar�te;
5. Blue c�l�ur lum�ne�cence �� �mall aut�gen�u� 

apat�te he�ag�nal pr��m�.
�h�t�� 1 an� 2 �� �. S�u�a.

�h�t�� 3-5 �� M. S�k�r�ka-Jaw�r�w�ka.
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e�pl��tat��n un�t�, the�r e�tent, the ��un�ar�e� �� 
the m�n�ng ��el�, the per��� when the �ep���t wa� 
e�pl��te� an� ��rect��n� �� the �l�nt w�rk. The�e 
were re�cue e�ca�at��n� a� the area wa� �t�ll 
�nten�e� ��r �n�u�tr�al �n�e�tment. The e�ca�a-
t��n� were t� make �uch u�e p�����le.

 Fr�m Oct��er 10-17, 1979 a ���temat�c 
�ur�e� �� the 'Zele' �ur�ace wa� carr�e� �ut �� 
Hanna Mł�narc��k w�th the part�c�pat��n �� three 
�ther archae�l�g��t� �Jacek Lech, ���tr M�glu� 
an� Franc���ek M. Stępn��w�k��. In �ne week, 
the team �rew a map �h�w�ng the �ccurrence �� 
�a��c categ�r�e� �� archae�l�g�cal mater�al� ��l�nt� 
an� l�me�t�ne p�ece�� �n the �ur�ace �� the ��te 
�n a �cale �� 1:500. The area �� ���tr��ut��n �� the 
mater�al�, re�em�l�ng �n �hape a human k��ne�, 
wa� �eterm�ne�. In 1979 �t� l�nger a��� �tretche� 
400 m an� �h�rter 300 m �Młynarczyk, 1983, 
p. 88-91; Lech, 1983, p. 64-67; Lech, 1984, ��g. 1, 
2, p. 188-190�. On the �ur�ace �� the pl�ughe� 
��el��, there were numer�u� �l�nt �pec�men� – 
natural �m��tl�� an� w�rke�. N� �ragment� �� 
p�tter�, e�ther �r�m preh��t�r�c �r me��e�al t�me� 
were ��un�. It wa� �el�e�e� that the ��er���ca 
'Zele' �l�nt m�ne wa� u�e� �nterm�ttentl� �r�m the 
Late �alae�l�th�c t� the Earl� Br�n�e Age �Lech, 
1983, p. 67; Młynarczyk, 1983, p. 105�.

 In 1980 T�ma�� Her��ch, c�n�ucte� the 
��r�t electr�cal re���t���t� �mag�ng �n part �� the 
��te where the ��r�t cutt�ng wa� �e�ng planne� 
�herbich, 1993�. The re�ult� were u�e� t� 
l�cate Cutt�ng I/80 �F�g. 4�. The ��r�t e�ca�at��n� 
�n 1980 were a�me� at �eterm�n�ng the natural 
ge�l�g�cal �trat�graph� �� the ��te, �eterm�n�ng 
the t�pe an� ���e �� �eature� u�e� t� e�pl��t the 
raw mater�al an� ��cument�ng the �eature� that 
were �mpa�re� �� the c�ncrete r�a�. The� were 
carr�e� �ut �� H. Mł�narc��k, w�th the part�c�-
pat��n �� J. Lech, �n the �ummer �� 1980. The 
cutt�ng, 10 � 5 m, �nclu�e� tw� ��ne� �� gr�un� 
re���t���t�, ���t�ngu��he� a� a re�ult �� the elec-
tr�cal re���t���t� �ur�e�. The archae�l�g��t� were 
l��k�ng ��r the ke� t� appl��ng th�� meth�� �n 
the c�ur�e �� �urther e�ca�at��n� �� the ��te. At 
a �epth �� 30 cm, the area �� �urther e�pl�rat��n 
wa� l�m�te� t� 3 m � 10 m. The ��ta�ne� pr���le 
wa� cut thr�ugh the ��ne� w�th the greate�t ���er-
��t� �� �u��trate re���tance. Cutt�ng I/80 wa� �ug 
near the �l�pe �� the r�a� pa���ng thr�ugh the 

��te, �� a� t� �e �ure �� c�m�ng acr��� the �ha�t�. 
F��e �pen �ha�t� �� up t� �e�eral metre� w��th at 
the �ur�ace were ��un�. The�r �epth range� �r�m 
4.5 m t� 5.5 m. Trench II/80, 240 m2 �n area, wa� 
l�cate� at the ���e �� the r�a� �etween the e�ge 
�� the c�ncrete r�a� �ur�ace an� the �l�pe. The 
�l�pe �� the r�a� an� the r�a����e were cleare� 
an� rec�r�e� �F�g. 5�.

 In the �ear� 1981-1988 �tage II wa� 
c�mplete�. H. Mł�narc��k ��r�m 1982 H. Lech� 
le� the e�ca�at��n� �n 1982. In 1983 the 'Zele' 
e�ca�at��n� were c�n�ucte� �� J. Lech an�, �n 
the �ear� 1985-1988 �urther e�ca�at��n� were 
c�n�ucte� �� H. Lech �Lech, 1984, 1995, 1997a, 
1997�; �ee Lech & PerLikoWska-Puszkarska, 
2009, p. 269-270�.

 Dur�ng the ��r�t tw� e�ca�at��n �ea��n� 
�1980 an� 1981�, 23 �ha�t� an� 3 �ther �eature�, 
pr��a�l� al�� �ha�t�, were l�cate�. F��teen �ha�t� 
were ���c��ere� �n the archae�l�g�cal cutt�ng�. 
Fragmentar� �ect��n� were �eterm�ne� ��r 12 
�� them �n the pr���le� �� the cutt�ng� an� �n the 
�alk. Full �ert�cal cr���-�ect��n� were ��ta�ne� ��r 
�ha�t� 1, 6 an� 7 �F�g. 4 an� F�g. 5�. The re�ult� �� 
the ��r�t three e�ca�at��n �ea��n� at the 'Zele' ��te 
were �umme� up �n an art�cle �� H. Mł�narc��k 
�1983�. The purp��e �� �urther �n�e�t�gat��n� �� the 

Fig. 4 – Wierzbica, Radom district (Poland).
The prehistoric flint mine site 'Zele'. View of Cutting 
I/1980. The excavations were supervised by Hanna 

Młynarczyk. Photo by J. Lech.
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'Zele' m�n�ng ��el� wa� t� �e��ne �t� ��un�ar�e�, t� 
���t�ngu��h �etween the ����erent m�n�ng �eature� 
an� t� �eterm�ne the�r chr�n�l�g� �F�g. 6�.

 T��a� we kn�w that ��l�ce�u� r�ck� were 
e�pl��te� an� u�e� ��nce the Earl� Br�n�e Age 
t� the en� �� the Br�n�e Age an� �eg�nn�ng �� 
the Ir�n Age �Lech et al., 2011; Lech & Werra, 

2018, p. 580-581; F�g. 6�, �ut �n 1983 �t �ecame 
�� great �mp�rtance t� ��ta�n �urther charc�al 
�ample� t� �er��� the ��r�t re�ult�. There��re, the 
purp��e �� the 1983 e�ca�at��n� carr�e� �ut �� 
J. Lech wa� t� �n�e�t�gate Sha�t 28.

 The e�ca�at��n �� Sha�t 28 c��ere� an 
area �� 16 m2 �F�g. 5�. The �ha�t went ��wn ��r 

0 100 m

Fig. 5 – ��er���ca, �a��m ���tr�ct ���lan��. The preh��t�r�c �l�nt m�ne ��te 'Zele'.
Map �� the ���tr��ut��n �� cutt�ng� an� �ha�t� 1980-2014:
1. Cutt�ng� w�th�ut �ha�t�; 2. Sha�t� ment��ne� �n the te�t;

3. �ema�n� �� un��n��he� �u�l��ng� an� �tructure� �� a new l�me�t�ne quarr�;
4. Cutt�ng� �r�m 2012 an� 2014; 5. Cutt�ng w�th �ha�t�.

Mea�urement an� �raw�ng �� J. Fellmann; c�mplete� �� H. Lech an� D.H. �erra.
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4.5 m, w�th 2.5 m cutt�ng thr�ugh weathere� 
l�me�t�ne r�ck �n wh�ch �l�nt n��ule� �ccurre� 
at �ar��u� le�el� �F�g. 7�. Sha�t 28 pr����e� a r�ch 
�ampl�ng �� charc�al c�ntemp�rane�u� w�th the 
t�me when �t wa� �unk an� �r�m the earl� �tage� 
�� �t� �ack��ll�ng �F�g. 6�. The�e �ample�, l�ke the 
��r�t �ne� �r�m the 'Zele' �ha�t�, were �ent t� 
the �e�earch La��rat�r� �� the Br�t��h Mu�eum 
�Lech, 1995, p. 469-479; Lech & LeLigdoWicz, 
2003, p. 293, ta�. 1; Lech et al., 2011, p. 111-113, 
��g. 5�. The re�ult� �h�we� unequ���call� that 
Sha�t 28 wa� �ug �n the Late Br�n�e Age, ar�un� 
1000 cal BC, at the t�me �� the Lu�at�an culture 
�r�m the Central Eur�pean Urn��el� c�mple� 
�c�. Harding, 2002, p. 273-274�. The �ate� ��r 
the ��ur charc�al �ample� �ent t� Gr�n�ngen 
arr��e� �n Oct��er 1983. Three �� them �ate� 

w�th certa�nt� Sha�t 17 �r�m Cutt�ng III/82 t� the 
Earl� Br�n�e Age – the t�me �� the M�er�an�w�ce 
culture. The ��urth �ample, �r�m the �ame cutt�ng, 
c�llecte� �el�w the wa�te �ump �� Sha�t 18, 
aga�n �n��cate� the Late Br�n�e Age �Lech, 1984, 
p. 194, ta�le 1�. In t�tal, all 15 ra���car��n �ate� 
��r charc�al �ample� �r�m 8 �ha�t� l�cate� �n tw� 
���tant reg��n� �� the m�ne are �r�m the Br�n�e 
Age �r Earl� Ir�n Age ��ee Lech & LeLigdoWicz, 
2003, p. 293, ta�. 1�.

 In the �ear� 1985-1988 the ��un�ar�e� 
�� the m�n�ng ��el� were �e��ne� �n a �er�e� �� 
e�ca�at��n�. In t�tal, �etween 1980 an� 1988, 
44 archae�l�g�cal ��g� were carr�e� �ut at the 
��te an� �n �t� �mme��ate ��c�n�t�, an� 81 �ha�t� 
an� ����erent e�pl��tat��n un�t� were l�cate� 
�F�g. 5�. S�me �� the �ha�t� were e�pl�re�.

4. neW excavatIons

 Change� �n ��lan�’� p�l�t�cal ���tem, 
wh�ch enta�le� pr��at��at��n an� rat��nal��at��n 
�� the �n�u�tr�, le� t� the cl��ure an� 
l�qu��at��n �� the cement plant �n ��er���ca �n 
2000. S�nce 2010 re�earch �� the 'Zele' m�ne 
ha� �een carr�e� �ut �� the Aut�n�m�u� Un�t 
��r �reh��t�r�c Fl�nt M�n�ng at the In�t�tute �� 
Archae�l�g� an� Ethn�l�g� ��l��h Aca�em� 
�� Sc�ence� �IAE �AN�.

 In 2014, a�ter a h�atu� �� alm��t 30 �ear�, the 
Aut�n�m�u� Un�t �r�m IAE �AN, �n c��perat��n 
w�th the In�t�tute �� Archae�l�g� �� the Car��nal 
Ste�an �����ń�k� Un��er��t� �n �ar�aw �UKS��, 
returne� t� the e�ca�at��n� �� Sha�t 1. The 
rea��n� ��r the re�umpt��n �� e�ca�at��n w�rk 
wa� that �ur�ng the �tu���ng �� �l�nt mater�al� 
��ta�ne� �r�m th�� �eature �n 1980, ��ne �ragment� 
�� �lake� an� wa�te, n�rmall� pr��uce� �ur�ng 
the pr�ce���ng �� raw mater�al, were ��un� t� 
�e a��ent. The purp��e �� the new e�ca�at��n� 
wa� t� ��ta�n the ent�re �l�nt mater�al, �nclu��ng 
the ��ne an� �er� ��ne �ract��n�, t� recreate the 
�r�g�nal �tructure �� the �n�ent�r� �r�m the ��ll�ng 

Fig. 6 – ��pp���te page�  'Zele' m�ne �n ��er���ca, �a��m ���tr�ct, c�mpare� t� �ther m�ne� �� ��l�ce�u� r�ck 
�r�m the Br�n�e Age �n the ea�t part �� Central Eur�pe, �n the l�ght �� ra���car��n �ate� �c�n�ent��nal �ate� 

�.c.�. Date� w�th �tan�ar� err�r greater than ± 110 ra���car��n �ear� ha�e �een �m�tte�.

Fig. 7 – Wierzbica, Radom district (Poland).
The prehistoric flint mine site 'Zele'. Cutting III/1983.

Cross-section of shaft 28. Drawing by M. Ślązak.
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�� Sha�t 1. An a���t��nal rea��n ��r return�ng 
t� the e�ca�at��n �� Sha�t 1 wa� the �ntent��n 
�� aga�n unc��er�ng the natural �trat�graph�c 
�equence ��un� �n 1980 �etween �ha�t� 1 an� 
2, �n c�nnect��n w�th the re�earch pr�ject, 
"D���erent�at��n �� Upper Jura���c 'ch�c�late �l�nt' 
�r�m Central ��lan�, �r�m the p��nt �� ��ew �� 
��ent���cat��n �n archae�l�g�cal re�earch" hea�e� 
�� Dagmara H. �erra �pr�ject ��nance� �r�m 
�un�� pr����e� �� the Nat��nal Sc�ence Centre 
– ��ELUDIUM 2 DEC-2011/03/N/HS3/03973�. 
The �ntent��n wa� t� take �r�m the ����erent 
le�el� w�th ch�c�late �l�nt n��ule� �ample� ��r 
petr�graph�c, ge�chem�cal an� pal�n�l�g�cal 
anal��e� �Werra & siuda, 2015a; Werra et al., 
2015�. It wa� al�� h�pe� that charc�al w�ul� �e 
��un� ��r the ra���car��n �at�ng �� Sha�t 1, ��nce 
n�ne wa� ��ta�ne� �n 1980.

 In 2014 e�ca�at��n� �� the 'Zele' ��te 
were c�n�ucte� �� Dr Dagmara H. �erra �n 
c��perat��n w�th Jacek Lech. Cutt�ng I/2014, 
mea�ur�ng 7 � 13 m wa� �pene� at the ��te, a� 
well a� a �mall pr��e trench �S1/2014�, 2.13 � 
1.37 m �nten�e� t� �eterm�ne the ��r�er �� 
Cutt�ng II/81 ne�t t� the c�ncrete r�a� wh�ch 
ran acr��� the n�rth part �� the ��te. The e�ge� 
�� th�� trench were t� �er�e a� a���t��nal p��nt� 
�ta��l���ng the mea�ur�ng gr��. Alt�gether, Cutt�ng 

I/2014 c��ere� an area �� 78 m2. The e�pl�rat��n 
wa� ��ne manuall�, �n la�er� �� 10-20 cm, a� �t 
wa� nece��ar� t� rem��e the la�er �� mater�al 
thr�wn �ut �r�m the r�a� ��tche�. A ��gger wa� 
empl��e� �nl� when rem���ng mater�al that ha� 
�een u�e� �n 1980 t� ��ll �n Cutt�ng I/80 �F�g. 8�.

 The e�ca�at��n� ��el�e� large am�unt� �� 
�l�nt mater�al, m��t �� �t natural. Cutt�ng I/2014 can 
�e �����e� �nt� tw� ��ne� – the ea�tern �E�, where 
wa�te heap� �r�m the �ha�t� were reg��tere� an� 
the we�tern ��� part, where the ��ll�ng �� Cutt�ng� 
I/80 an� I/2012 wa� l�cate�. In ��ne � �� Cutt�ng 
I/2014, where the ��ll�ng �� Cutt�ng I/80 wa� 
e�pecte�, e�ca�at�r� reache� the le�el at wh�ch 
w�rk ha� en�e� �n 2012 �le�el w�th pr�tect��e 
pla�t�c ���l�. E�ca�at��n w�rk then c�nt�nue� �n 
�r�er t� �eterm�ne the ��r�er� �� Cutt�ng I/80. 
At the ��r�t le�el �n the N� c�rner, the �utl�ne 
�� the �ha�t’� wa�te heap wa� n�te�. A 20 cm 
la�er wa� rem��e� �n �r�er t� clear the heap. A� 
e�pl�rat��n pr�cee�e�, mater�al wa� c�llecte� 
�eparatel� �r�m each metre an� all the mater�al 
�r�m the e�ca�ate� �e��ment� wa� ���te�. In part E, 
un�er a la�er �� �re�hl� �ep���te� earth �r�m the 
�eg�nn�ng �� the 21�t centur� an� an �l� la�er 
�� pl�ughe� ���l, a c�ncentrat��n �� l�me�t�ne 
ru��le wa� unc��ere�, t�gether w�th a �ew 
p�ece� �� �l�nt. The arrangement �� the e�ca�ate� 

Fig. 8 – ��er���ca, �a��m ���tr�ct ���lan��.
'Zele' m�ne. V�ew �r�m E �nt� cutt�ng �r�m 2014. �n the a��ance� pha�e �� the e�ca�at��n�.
In the ��regr�un� Sha�t 82 �� �e�ng �rawn, wh�le a ��gger �� unc��er�ng �l� cutt�ng I/1980,

�uper���e� �� Dr Dagmara H. �erra. �h�t� �� J. Lech.



The �l�nt m�ne ��te ��er���ca 'Zele' ���lan�� an� Br�n�e Age w�rk�h�p mater�al� 93

mater�al �ugge�t� that the rema�n� �� �ha�t heap� 
were unc��ere�. E�ca�at��n here wa� ��ne �� 
han�, clear�ng the gra�uall� re�eale� �tructure 
�� the heap a� �t wa� pre�er�e�. Alt�gether, the 
unc��ere� wa�te heap� were �prea� ��er an area 
�� 48 m2. All the e�ca�ate� la�er� were ���te�. 
��rk then c�ncentrate� �n �urther e�pl�rat��n 
�� the ��ll�ng �� Sha�t 1 �� mak�ng an a���t��nal 
cut al�ng an ea�t-we�t a��� runn�ng hal� wa� 
thr�ugh the �eature. A� w�rk �n clear�ng the 
newl� unc��ere� wa�te heap� an� the�r �eta�le� 
rec�r��ng wa� a la��r��u� ta�k, e�ca�at��n� 
�� Sha�t 1 were �ragmentar�. Onl� tw� 10 cm 
le�ell�ng la�er� were rem��e� �n the ea�t part 
�� the Sha�t 1 ��ll�ng. O� the 16,971 �l�nt p�ece� 
��ta�ne� �r�m Cutt�ng I, 3577 were arte�act� 
an� 13,394 were natural �ragment� w�th�ut an� 
trace� �� knapp�ng. There wa� al�� �ne �t�ne. The 
a�erage we�ght �� �ne �pec�men wa� 11.95 g.

5. bronZe age Workshop materIals

 Fr�m the �l�nt mater�al ��un� �ur�ng the 
e�ca�at��n� �n 2014, a �ample �� 999 p�ece� 
wa� anal��e�. The m�rph�l�g�cal anal���� wa� 
carr�e� �ut �n ��ur m�rph�l�g�cal gr�up� u��ng 
the meth�� pre�ente� �n earl�er art�cle� �Lech 
& LongWorth, 2006, p. 415; Lech, 2012, 
p. 91-109�. The re�ult� are g��en �n F�g. 9:1. 
F�ur �pec�men�, �.e. 0.4 % �� the wh�le �n�en-
t�r�, were attr��ute� t� the ��r�t gr�up �F�g. 9:2�. 
The�r t�tal we�ght wa� 755.9 g, wh�ch c�me� t� 
13.6 % �� the we�ght �� the wh�le �n�ent�r�. The 
gr�up �� �la�e� an� �la�e �ragment� �nclu�e� 
22 �pec�men� �2.2 %� we�gh�ng t�gether 59.5 g 
�1 %�. Gr�up III – Flake� an� wa�te wa� the m��t 
numer�u� an� c�mpr��e�, 972 p�ece� �97.4 %� 
we�gh�ng t�gether 3820.9 g �68.9 %�. The ��urth 
m�rph�l�g�cal gr�up – t��l� wa� repre�ente� 
�� ju�t �ne arte�act – a �t�ne hammer �0.1 %� 
we�gh�ng 906.2 g �16.3 %�.

 At the �ame t�me, at the Aut�n�m�u� Un�t 
��r �reh��t�r�c Fl�nt M�n�ng �� IAE �AN mater�al 
�r�m the we�t part �� Sha�t 1, e�ca�ate� �n 1980, 
wa� al�� anal��e�. A �ample �� 915 �l�nt �pec�-
men� wa� al�� �et apart an�, a�ter �eparat�ng �t 
�nt� ��ur m�rph�l�g�cal gr�up�, wa� c�mpare� 
�n term� �� quant�t� an� we�ght w�th the �tructure 
�� the mater�al �r�m 2014 �F�g 9:3-4�.

 Ow�ng t� the �mall num�er �� �pec�-
men� �n the m�rph�l�g�cal gr�up� I, II an� IV 
�r�m the e�ca�at��n� �n 2014, �t wa� �ec��e� 
that ��r c�mpar���n w�th the 1980 re�earch, the 
mater�al �r�m gr�up III, �lake� an� wa�te, w�ul� 
�e m��t �u�ta�le. In the mater�al �r�m Cutt�ng 
I/1980, 3123 �pec�men� �r�m the�e gr�up� were 
rec�r�e�, �nclu��ng 2338 natural �ragment� 
an� �l�nt n��ule� �n gr�up III. 576 p�ece� were 
c�unte� a� �lake� an� 209 a� �n�u�tr�al wa�te 
�F�g. 9:5�. �h�le �n Cutt�ng I/2014 were ��un� 
3827 �pec�men� an� �ragment�. Am�ng them 
580 were �lake�, m�cr��lake� an� ch�p�, an� 392 
were attr��ute� t� the gr�up �� �n�u�tr�al wa�te 
�F�g. 9:6�.

 The e�ca�at��n� �� Cutt�ng I/1980 
��el�e� pr�mar�l� c�mplete �lake� �522 �pec�-
men�, we�gh�ng 30,625.7 g� an� techn�cal �lake�. 
M�cr��lake� an� ch�p� were n�t reg��tere�. The 
a�erage we�ght �� c�mplete �lake� wa� 58.72 g, 
an� �� techn�cal �lake� 107.31 g �54 �pec�men�, 
we�gh�ng 5794.5 g�. The c�m��ne� a�erage 
we�ght �� �pec�men� �r�m Gr�up III �w�th�ut 
natural p�ece�� wa� 59.69 g �F�g. 9:7�. Am�ng 
the mater�al �r�m Cutt�ng I/2014 m�cr��lake� 
an� ch�p� pre��m�nate� – 320 �pec�men� 
�we�gh�ng 107.3 g�, ��ll�we� �� c�mplete �lake� 
�255 �pec�men� we�gh�ng 2074.5 g� an� w�th 
�nl� – 5 techn�cal �lake� �we�gh�ng 302.7 g�. The 
a�erage we�ght �� ch�p� wa� 0.08 g, m�cr��lake� 
– 0.4 g, c�mplete �lake� – 4.24 g, techn�cal 
�lake� 60.54 g. The c�m��ne� a�erage we�ght 
�� �pec�men� �r�m Gr�up III �w�th�ut natural 
p�ece�� wa� 3.93 g �F�g. 9:8�.

 The c�mplete �lake� were al�� 
c�mpare� �n term� �� ���e �F�g. 10:1-2� an� 
we�ght �F�g. 10:3-4�. In mater�al �r�m Cutt�ng 
I/1980 a�erage �lake� pre��m�nate�, �r�m 50 
t� 80 mm �n ��ameter �217 �pec�men��, w�th 
an a�erage we�ght �� 32.72 g. Ne�t came large 
�lake� �a���e 80 mm �n ��ameter�, we�gh�ng 
�n a�erage 142.71 g. There were 149 �mall 
�lake�, we�gh�ng �n a�erage 8.66 g. A� pre��-
�u�l� ment��ne�, �ur�ng the�e e�ca�at��n� n� 
m�cr��lake� �r ch�p� were c�llecte�. The ��tua-
t��n c�ncern�ng the ���e an� we�ght �� �lake� 
�n the e�ca�at��n� �� 2014 wa� re�er�e�. There 
were m��t m�cr��lake� w�th a ��ameter �� 10 t� 
20 mm – 258 �pec�men� w�th an a�erage we�ght 
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�� 0.4 g. In �ec�n� place were �mall �lake� 
�20-50 mm� �� wh�ch there were 225 �pec�men� 
w�th an a�erage we�ght �� 4 g. 62 ch�p�, we�gh�ng 

�n a�erage 0.08 g. were ��un�, ��ll�we� �� 26 
me��um ���e� �lake� �a�erage we�ght 32.2 g�, 
an� �nl� ��ur large �lake� we�gh�ng �n a�erage 
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82.75 g. Th�� c�mpar���n �llu�trate� the �n�luence 
�� re�earch ��ject��e� an� meth��� �� c�llect�ng 
�l�nt mater�al �n the �l�nt �n�ent�r�e� un�erg��ng 
�urther �n�e�t�gat��n�.

Fig. 9 – ��pp���te page�  ��er���ca 'Zele', �a��m ���tr�ct ���lan��, �tructure �� �l�nt mater�al�.
1-4: a. F�r�t Gr�up: Natural n��ule� an� the�r large �ragment�, r�ugh�ut�, prec�re� an� c�re�; �. Sec�n� Gr�up: 

Bla�e� an� the�r �ragment�; c. Th�r� Gr�up: Flake� an� wa�te; �. F�urth Gr�up: Implement�;
1. Cutt�ng I/2014. General �tructure �� �ample �n the ��ur m�rph�l�g�cal gr�up� �915 �pec�men��;

2. Cutt�ng I/2014. �e�ght �tructure �� �l�nt mater�al �n the ��ur m�rph�l�g�cal gr�up� �915 �pec�men��;
3. Cutt�ng I/1980. General �tructure �� �l�nt mater�al �r�m �ample �n the ��ur m�rph�l�g�cal gr�up� 

�998 �pec�men��; 4. Cutt�ng I/1980. Structure �n term� �� we�ght �� �l�nt mater�al �r�m �ample �n the ��ur 
m�rph�l�g�cal gr�up� �998 �pec�men��; 5-8: a. c�mplete �lake�; �. �pec���c �lake t�pe�; c. m�cr��lake� an� ch�p�; 

�. wa�te; 5. Cutt�ng I/1980. Structure �� �l�nt mater�al �r�m �ample �n the Th�r� M�rph�l�g�cal Gr�up – �lake� 
an� wa�te �785 �pec�men��; 6. Cutt�ng I/2014. Structure �� �l�nt mater�al �r�m �ample �n the Th�r� M�rph�l�g�cal 
Gr�up – �lake� an� wa�te �972 �pec�men��; 7. Cutt�ng I/1980. �e�ght �tructure �� �l�nt mater�al �r�m �ample �n 

the Th�r� M�rph�l�g�cal Gr�up – �lake� an� wa�te �785 �pec�men��; 8. Cutt�ng I/2014. Structure �� �l�nt mater�al 
�r�m �ample �n the Th�r� M�rph�l�g�cal Gr�up – �lake� an� wa�te �972 �pec�men��. �repare� �� D.H. �erra.

 T� �um up:
1. In ��th c�mpare� �n�ent�r�e�, �����e� �nt� 

��ur m�rph�l�g�cal gr�up�, �lake� an� wa�te 
pre��m�nate;

Fig. 10 – ��er���ca 'Zele', �a��m ���tr�ct ���lan��, �tructure �� �l�nt mater�al�.
a. large �lake� > 80 mm; �. me��um �lake� – 50 t� < 80 mm;

c. �mall �lake� 20 t� < 50 mm; �. m�cr��lake� 10 t� < 20 mm; e. ch�p� ⩽ 10 mm;
1. Cutt�ng I/2014. Structure �� �ample �n the Th�r� M�rph�l�g�cal Gr�up – �lake� an� wa�te �972 �pec�men��;
2. Cutt�ng I/1980. Structure �� �ample �n the Th�r� M�rph�l�g�cal Gr�up – �lake� an� wa�te, �n term� �� ���e 

�522 �pec�men��; 3. Cutt�ng I/2014. Structure �� �ample �n the Th�r� M�rph�l�g�cal Gr�up – �lake� an� wa�te, 
�n term� �� ���e �972 �pec�men��; 4. Cutt�ng I/1980. �e�ght �tructure �� �l�nt mater�al �r�m �ample �n the Th�r� 

M�rph�l�g�cal Gr�up – �lake� an� wa�te, �n term� �� ���e �785 �pec�men��. �repare� �� D.H. �erra.
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2. B�th �n�ent�r�e� ha�e �ewe�t �pec�men� �r�m 
Gr�up IV: T��l� – �el�w 1 %;

3. In the mater�al �r�m Cutt�ng I/1980 there wa� 
a �mall num�er �� �la�e� an� the�r �ragment� 
�gr�up II� – 4.37 %, an� �n Cutt�ng I/2014 the 

am�unt� were e�en �maller – 2.2%
4. In the mater�al e�ca�ate� �n 1980 the F�r�t 

M�rph�l�g�cal Gr�up c�mpr��e� 10 %, wh�le �n 
2014 ��ur �tem� were ��un�, �nclu��ng �ne t��l, 
mak�ng up 0.4% �� the wh�le �n�ent�r�, wh�ch 

Fig. 11 – ��er���ca ʻZele ,̓ �a��m ���tr�ct ���lan��. Fl�nt arte�act� �r�m the �l�nt m�ne ��te. 1. �a�te �la�e;
2. Backe� �la�e �� ʻZeleʼ t�pe; 3. �arac�re. Draw�ng �� E. Gum�ń�ka �1, 3� an� I. N�ew�a��m�ka �2�.
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�llu�trate� �n th�� ca�e the �n�luence �� �mall �rac-
t��n� �� mater�al �n the �mage �� �t� �tructure 
an�, m�re w��el�, the nece���t� �� c�mpar�ng 
the �n�ent�r�e� c�llecte� �n the �ame wa� w�th 
the �ame �r at lea�t ��m�lar prec����n;

5. In term� �� we�ght �nl� gr�up II wa� ��m�lar �n ��th 
�ear�: I/1980 – 1.7 % an� I/2014 – 1.07 %

6. In mater�al �r�m Cutt�ng� I/1980 an� I/2014, 
gr�up III ha� the large�t percentage �hare �n 
term� �� we�ght. H�we�er, �t� �nternal �truc-
ture �� c�mpletel� ����erent. In Cutt�ng I/1980, 
�nl� large, me��um an� �mall �lake� were 
reg��tere�. M�cr��lake� an� ch�p� were n�t 
c�llecte�. Thu�, the �malle�t �pec�men� ha� a 
��ameter �� up t� 20 mm. In Cutt�ng I/2014, 
�mall �lake�, m�cr��lake� an� ch�p� pre��m�-
nate�, �� the �malle�t c�llecte� �pec�men� 
ha� a ��ameter �� le�� than 10 mm. 

7. In Cutt�ng I/2014 me��um �lake� pre��m�nate� 
�n term� �� we�ght �38 %�, th�ugh �e�ng �ew 
�n num�er, �n �ec�n� place were �mall �lake� 
�42 %� an� then large – 15 %. M�cr��lake�, 
alth�ugh numer�u�, �� we�ght c�n�t�tute� 
�nl� 5 % �� the �n�ent�r�.

6. on the morphology of artefacts

 Am�ng the arte�act� a���c�ate� w�th the 
'Zele' m�ne are c�mm�n �l�nt �lake� an� wa�te, 
earl� ���ac�al a�e r�ugh�ut� an� rare �la�e� 
�F�g. 11:1�. Ver� rare �ut �mp�rtant are �acke� 
kn��e� �� the 'Zele' t�pe �F�g. 11:2� ma�e �r�m 
large �la�e� �r �lake� �Lech, 1984, p. 195, 
1997�, p. 96-97; Lech et al., 2011, p. 114-115�. 
Fre�h anal��e� �� �l�nt mater�al� �r�m earl�er e�ca-
�at��n� �� the 'Zele' m�ne �r�ught t� �ur n�t�ce 
the pre�ence �� a gr�up �� arte�act� wh�ch �� �����-
cult t� �nterpret �n the l�ght �� what we kn�w �� 
�ar a��ut the u�e �� �l�nt �� �arm�ng c�mmun�-
t�e� an� �n the l�ght �� �ur rat��nal�t�. The gr�up 
�nclu�e� �ragment� �� �l�nt n��ule� w�rke� �� �l�nt 
knapper� �eem�ngl� w�th�ut an� u�e�ul purp��e. 
M��t �� the �pec�men� �eem t� qual��� a� c�re� 
�ut w�th cl��er anal���� �n m��t ca�e� �t �� n�t 
p�����le t� �eterm�ne what m�ght �e the a�m �� 
e�pl��t�ng �uch c�re�. S�met�me�, �ne m�ght 

c�nclu�e that the knapper’� ��ject��e wa� t� 
�e�tr�� the p�ece �� �l�nt he wa� w�rk�ng.

 �r��e���r Ol��a ha� ma�e ��m�lar ���er-
�at��n� w�th re�erence t� late �l�nt knapp�ng when 
�e�cr���ng preh��t�r�c m�n�ng �n the 'Kruml���ký 
le�' �n M�ra��a �oLiva, 2010, p. 266 an� �ther�; 
oLiva, 2011, p. 99-106�. It w�ul� �eem that what 
we ha�e here �� �l�nt m�n�ng an� knapp�ng ��r 
partl� r�tual��t�c purp��e�, w�th l�m�te� pract�cal 
u�e, ma��e relate� t� an ance�tral cult �oLiva, 
2010, p. 294-302, 2011, p. 104-106; �ee Lech, 
1997a, p. 110-112, 1997�, p. 96-97�. In the l�ght 
�� �tu��e� �� the mater�al �r�m the 'Zele' m�ne 
carr�e� �ut �n recent �ear�, th�� e�planat��n 
�eem� m��t c�n��nc�ng. The �pec�men� treate� 
�n th�� wa� �� knapper� are n�t �n �act c�re� 
�ut 'parac�re�' an� �uch a categ�r� �� arte�act� 
can clearl� �e ���t�ngu��he� am�ng the 'Zele' 
�l�nt� �F�g. 11:3�. H�w the�e tw� c�mpletel� 
����erent ten�enc�e� �n �l�nt w�rk�ng are relate� 
t� each �ther, whether the� are c�ntemp�ra-
ne�u� �r �r�m ����erent per����, we cann�t a� 
�et e�pla�n.

7. fInal remarks

 ��er���ca 'Zele' wa� the ��r�t Eur�pean 
�l�nt m�ne �ate� e�clu���el� t� the ent�re Br�n�e 
Age, �r�m �t� earl� t� late per���. �hat �n the 
��r�t hal� �� the 1980� wa� a �urpr��e an� ar�u�e� 
��u�t�, wa� c�n��rme� �� e�ca�at��n� �n the 
��ll�w�ng �ear�.

 There are �n��cat��n� that t�war�� 
the en� �� the Br�n�e Age �l�nt m�n�ng �er�e� 
��m��l�c purp��e� an� al�� ��r preparat��n �� 
�r��nar� an� ��ph��t�cate� �l�nt t��l� �Lech, 
1984, p. 198-200; Lech et al., 2011; oLiva, 
2011, p. 104-106; Lech et al., 2015; Lech & 
Werra 2018, p. 580-581�. Th�� �� pr��a�l� the 
mean�ng �� the character��t�c 'Zele' t�pe kn��e�, 
wh��e range �� �ccurrence �� much w��er than 
�n�t�all� th�ught. The pre�ence �� �uch �acke� 
kn��e� �� al�� a���c�ate� w�th the r�tual ��ne� �� 
��uthern Scan��na��a �högberg, 2009, p. 263; 
Masojć & bech, 2011�.
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