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Tr a c ki n g  t h e s ou r c e  of l e ad of m e di e v al  gl a z ed p ott e r y  of t h e M eu s e  v all e y ( B el giu m)
Q 1  t h r ou g h l e a d i s ot o p e  an al y s es

A bst r a ct

L e a d is ot o p e  a n al ys es ( b y M C-I C P- M S) ha v e b e e n  perf o r m e d o n l e a d- gl a z e d p ott er y art ef a cts fr om s e v er al p r o d ucti o n  a n d c o ns um p ti o n sit es i n t he M e us e 

b asi n  ( B el gi um) s p a n n i n g a l o n g-ti m e peri o d  fr om t h e 9 t h t o t he 1 6 t h c e nt ur y C E. C om p aris o n  of t he l e a d  is ot o pe d at a o f t he g l a z es fr om t h r e e M os a n 

w o r ks h o p s wit h  t h os e o f gal e n as fr o m P al a e o z o i c ( Varis c a n) P b- Z n de p o sits fr o m b o t h B el gi um a n d  West er n G er m a n y p oi nts t o a c om m o n  P b s o ur c e t hat w e 

i de n tif y as t he r e g i o nal P b  de p o sits h o st e d  i n Di na n ti a n li m est o nes o f t he Ar d e n n o - R he n is h M assif, m or e s pe cifi c all y  i n t he N a m u r a n d Ver vi ers s y ncli n es i n 

B el g i um a n d  i n t he A a c h e n - St ol ber g  mi ni n g distri ct i n G er m a ny.  T h e o ver all si mil arit y  of is ot o pi c c om p o siti o n s b et w e e n  t he m e d i e val art ef a cts a n d  t he Varis c a n 

g al e n as i m p li es t hat t h e M os a n  m e di e val p o tt ers us e d  a c c essi bl e l oc al P b - Z n or es mi ne d  bet w e e n  N a m ur a n d H uy.  O n t he c o n s um p ti o n sit es of Di na n t, t h e 

sli g h tl y diff er e nt is ot o pi c c o m p o siti o n s of s om e p o tt eri es s u g g e st t h at ot h er r e gi o n al P b s o u r c es w e r e us e d t o pr o d u c e t h e gl a z es. A c o m p a ris o n wit h R o m a n l e a d 

o b j e cts dis c o ver e d  i n n ort h- w est er n E ur o pe ( N o rt her n  G a ul) s h ow s t h e v er y  g o o d c orr es p o n de n c e o f t he P b  is ot o pi c c om p o siti o n s wit h  t h os e of t he M e d i e val 

art ef a cts w h i c h i n di c at es a v er y l o n g c o n ti n uit y of r e gi o nal l e a d s u p p l y a n d c o n s e q u e n tl y of l e a d or e mi n i n g.

K e y w o r ds :

A b b r e vi ati o ns

1 I nt r o d u cti o n a n d ai ms

Gl a z e d c er a mi cs h as b e e n d e v el o p e d i n t h e Mi d d l e E ast si nc e t h e s e c o n d mill e n n i um B C E b u t t his t e c h ni q ue r e m ai ns f o r a l o n g ti m e c o nfi ne d t o t h e E ast M e d it err a ne a n 

ar e a. T h e e arli est u s e o f l e a d gl a z es i n t he Gr e c o - R om a n w o rl d s e e ms t o ha v e o c c u rr e d d uri n g t he l at e H ell e n isti c peri o d, i n A n at o li a, fr om a b o u t t he first c e n t ur y B C 

o n w ar d s. T h e n, l e a d - gl a z e d c er a mi cs w er e f o u n d i n t he West er n M e d it err a ne a n wit h w o r ks h o p s t h at d at e t o t h e A u g ust a n p eri o d ( 2 7 B C  1 4  A D) i de n tifi e d i n b ot h It al y 

a n d  ne ar L y o n  i n G a ul (Walt o n  a n d Tit e, 2 0 1 0). T h e y w er e e xt e nsi v el y u s e d f o r b ot h p ott eri es a n d til es t hr o u g h o ut t he Isl a mi c a n d B y z a n ti ne w o rl ds, a n d i n m e di e v al 

E ur o p e. S u c h h i g h-l e a d gl a z es ha v e h i g her r efr a cti v e i n d e x es a n d h e n c e g r e at er brilli a nc es t h a n t h e al k ali g l a z es (Tit e et al., 1 9 9 8 ). W hil e t his de c o r ati v e t e c h ni q u e 

c o n ti n ue d ar o u n d t h e M e d it err a ne a n ( S p ai n, It al y, t h e Isl a mi c w o rl d) d uri n g t he first c e n t uri es of t he Mi d d l e A ges, t h e u s e o f gl a z e s e e ms t o ha v e d is a p pe ar e d i n n o rt h- 

w est er n  E ur o pe d u ri n g t he 4 t h a n d 5t h c e nt uri es (H u rst, 1 9 6 9). T h e q uesti o n o f its r e a p pe ar a n c e i n t h e 9 t h a n d 1 0t h c e nt uri es is c om p l e x a n d n ot f ull y r es ol ve d ( Ver h a e g h e, 

1 9 9 5 ; H u si, 2 0 0 6 ).

I n t he M e u s e v all e y  i n B el gi um,  t he o l dest p r o d ucti o n s o f gl a z e d c er a mi cs w er e dis c o ver e d  i n H aill ot, w her e at l e ast ei g h t kil ns w er e i n  us e d u ri n g t he s e c o n d  half o f t h e

1 0 t h a n d t he b e g i n ni n g of t he 1 1 t h c e nt ur y (d e L o n g u e v ill e a n d Va nm e c h el e n,  2 0 1 7), a n d i n M o z et, w her e t h r e e kil ns dati n g fr o m t h e first h alf o f t he 1 1 t h c e nt ur y w er e 

d is c o ver e d  (d e L o n g u e v ill e a n d Pl umi er, 2 0 0 7 ). It is i n t he a g g l om er ati o n s of N a m ur a n d H uy, h o w e v er, t h at si g n ifi c a ntl y ol der c o n s um p ti o n c o nt e xts ha v e r e v e al e d M os a n 

g l a z e d c er a mi cs (Gi ert z,  1 9 9 6; de L o n g u e v ill e, 2 0 0 6). T h e pr o p orti o n of c er a mi cs t hat w er e at l e ast p arti all y g l a z e d i ncr e as e d u n til t he y r e p r es e nt e d ne arl y 9 0 % o f t h e 

p r o d ucti o n o f t he H u y p o tt ers' w or ks h o p s fr o m t h e b e g i n ni n g of t he 1 4 t h c e nt ur y. Ar c ha e o l o gi c al st u di es of m e di e val c er a mi cs fr o m t h e M e u s e Vall e y m o st oft e n f oc u s o n 

t y p ol o gi c al a n d t e c h ni c al as pe cts ( Gi ert z, 1 9 9 6 ; C hall e a n d d e L o n g u e vill e, 2 0 1 3 ; d e L o n g u e vill e, 2 0 1 5; d e L o n g u e vill e a n d Va nm e c h e l e n, 2 0 1 7; C h all e et al., 2 0 17 ). 

T h es e a p p r oa c h es ar e s om eti m es c o m p l e m e nt e d b y petr o g r a p hi c a n al y s es t o c h ar a ct eris e t he p r o d ucti o n a n d i de n tif y t he s o u r c es of t he r a w cl a y s (Va n Wers c h e t al., 2 0 2 0).

T h e first c h e mi c al a n al ys es ( o bt ai n e d  b y E D S) c arri e d o ut o n t he M os a n  gl a z es of Di na n t ha v e b r o u g ht t o li g ht s om e i n t er esti n g fi n di n gs: t he g l a z e mi xt ur e w as a p pli e d t o 

r a w cl a y as w ell as t o cl a y aft er a first firi n g; all t he g l a z es a nal y s e d  c o nt ai n zi nc,  i n s m all b ut si g nifi c a nt q ua n titi es ( 0 2. 4% Z n O) w h i c h a p pe ars t o  be a l o c al o r e ve n 

r e gi o nal s pe cifi cit y (G o e m a er e et al.,  2 0 1 5). T h e li g ht yell o w t o  or a n ge tr a n s par e n t gl a z es ar e t y pi c al of a hi g h l e a d t y pe ( 4 2  t o 6 3% P b O) wit h  m o der at e c o n t e nts of Si O 2 

( 2 8 4 2 %) a n d Al2 O 3  ( 5 1 2 %) a n d tr a c es of Z n a n d Fe.  M e di e val r e ci p es t o  pr o d uc e t h e l e a d  gl a z es i n t he M e us e v all e y  ar e u n k n ow n.  T h e nat u r e of t he P b - be ari n g

c o m p o n e n t a p pli e d t o t he c er a mi c b o d y is t h is n ot k n ow n n eit h er. S e v er al p o ssi b iliti es c a n be m e n ti o ne d : p ow d er e d g al e n a, l e a d o x i des, ( P b O, P b 3 O 4 ), m et alli c l e a d ( P b 0 ), 

o t her mi n er als ( P b S O 4 , P bC O 3 ). T h e bi n di n g a ge n t (fl o ur, mil k, w at er) has n o t be e n i d e n tifi e d. E x p eri m e nt al st u di es ar e i n pr o gr ess. A s l e a d is a he a v y el e m e n t ( m ass 

n u m b ers o f all st a bl e is ot o pes >  2 0 0), t he r el ati v e m ass d iff er e nc es b et w e e n  is ot o pes ar e s m all: < 1 % f o r is ot o pi c r ati os 2 0 7 P b /2 0 6 P b  a n d 2 0 8 P b /2 0 6 P b  a n d < 2% f or

Eri c G o e m a er e a, ⁎ , e g o e m a er e @ n at u r als ci e nc es. b e , S o p h i e C hall e b , S yl vi e de L o n g u e v ill e b , T h o m as D el be y c, D a n i el D em a iff ed

a G e o l o gi c al S u r ve y o f B el g i um, R o y al B el g i a n I nstit u t e of N at u r al S ci e nc es, R u e Va u ti er 2 9, 1 0 0 0 Br uss els, B el g i u m

b Dir e cti o n S ci e n tifi q ue et T e c h n i q ue, A g e n c e Wall o n n e d u P atri m o i ne, S er v i c e p u bli c de Wall o n i e, R u e d es Bri g a d es d  Irl a n de 1, 5 1 0 0 J a m b es, B el g i u m

c Cr a n fi el d F o r e nsi c I nstit u t e, Cr a n fi el d U n i versit y, D ef e n c e A c a d e m y o f t he U n it e d Ki n g d o m, S h ri ve n h a m S N 6 8 L A, U n it e d Ki n g d o m

d L a b o r at oir e G-ti m e, D  part e m e n t de G  ol o gi e ( D G E S, C P 1 6 0 / 0 2), U n i versit   Li br e de Br u x ell es ( U L B), A v e n u e F. R o os e v elt 5 0, 1 0 5 0 Br u x ell es, B el g i u m

C o rr es p o n di n g a u t h or.

T h e c or r e cti o n s m a d e  in t hi s  s ecti o n will b e r e vi e w e d a n d a p pr o v e d b y a j o ur n al pr o d u cti o n e di t o r.i

L e a d - gl a z e d p ott er y, Mi d d l e a g e , L e a d is ot o pe a n al ysis , L e a d o r es, S o u r ci n g, M os a n v a ll e y, B e l gi u m

N o  k e yw o r d a b b r e vi a ti o n s a r e a v ail a bl eN o  k e yw o r d a b b r e vi a ti o n s a r e a v ail a bl e

J o ur n al of Ar c h a e ol o gi c al S ci e n c e: R e p ort s: V ol u m e 4 2, A pril 2 0 2 2, Arti cl e n u m b er 1 0 3 3 6 6 
D OI: 1 0. 1 0 1 6/j.j a sr e p. 2 0 2 2. 1 0 3 3 6 6
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2 0 8 P b /2 0 6 P b.  S o, w hat e v er t h e p r oc ess o f t ur ni n g gal e n a i n t o P b- be ari n g  gl a z e, t his will n ot i n d uc e is o t o pi c fr a cti o nati o n.  C o ns e q u e n tl y, t he P b  is ot o pi c c om p o siti o n  of t h e

g l a z e is i de n ti c al t o t hat o f t he o ri gi nal g al e n a a n d c a n t h us be u s e d as a tr a c er of t he P b s o u r c e.

T h e ai ms o f t his pa p er ar e m a n y f ol d: 1) det er mi n e t h e l e a d is o t o pi c si g nat u r e of t he M o s a n m e d i e val g l a z e d c er a mi cs; 2) c om p ar e t h e l e a d c o m p o siti o n o f t he g l a z es f o u n d 

i n t he p r o d ucti o n w o r ks h o p s of H aill ot, A n de n n e a n d H u y, as w ell as wit h t h e s a m p l es f o u n d i n ne ar b y c o n s um p ti o n sit es; 3) i de n tif y t he s o u r c e(s) of l e a d of t he m e d i e val 

p o tt er y w or ks h o ps; 4) est a blis h w het h er t h e s o u r c e(s) of t h e l e a d or es st a y s u n c h a n g e d o r v ari es d u ri n g a ti m e s p a n of ei g ht c e nt uri es; 5) c om p a r e t h e s o ur c e of t h e l e a d 

u s e d b y m e d i e val p o tt ers wit h t he o n e u s e d b y R o m a n cr afts m e n.

We als o  ha d  t he o p p o rt u nit y t o a nal y s e a w at er s u p p l y pi pe i n  l e a d fr om t h e Li B assi n i a  f o u nt ai n. T his w at er t a n k i n H u y is dat e d fr o m 1 4 0 6 b u t t he p i pe c o u l d dat e fr o m 

t he 1 5 t h or 1 6t h c e nt ur y C E ( Pet ers, 2 0 1 8 ). T h e iss ue h er e is t o k n o w if t h e l e a d us e d is o f l oc al o r r e gi o nal o ri gi n a n d if it c a n be c o m p ar e d t o t h e g l a zi n g mi xt ur e m a de b y 

m e d i e val p o tt ers.

2 S a m pl e s a n d e x p e ri m e nt al p r o c e d u r es

2. 1  A r c h a e ol o gi c al s etti n g a n d c e r a mi c a rt ef a cts

T h e 2 5 g l a z e d m e di e val s h er d s a n al y s e d i n t h is st u d y c om e fr o m B el g i a n m os a n sit es, l o c at e d i n t h e p r o vi nc e o f N a m ur a n d e xc a v at e d b y t h e S er v i c e p u bli c de Wall o n i e. 

T h e y  c om e fr o m p r o d ucti o n  c o nt e xts ( H aill ot, H uy,  A n de n n e) a n d  c o ns u m pti o n c o nt e xts ( N a m ur, H uy,  Di na n t) dat e d  bet w e e n  t he e n d  of t he 9 t h a n d t he 1 6 t h c e nt ur y C E (

F i g. 1, F i g. 2, T a b l e 1).

Fi g. 1

G e o gr a p hi c a l, g e ol o gi c a l an d m e t all o g eni c s k et c h m a p of t h e ar e a c o n si d er e d i n t hi s st u d y. Bl u e a n d or a n g e s q u ar es r es p e c ti v el y r e pr es ent t h e p ott er y w or k s h o p s a n d t h e co n s u m pti o n sit es wit h 

l e ad- gl a z e d p ott er y.  T h e P b- Zn mi ni n g di stri c t s of B el gi u m an d t h e  l o c ati o n of g eol o gi c a l s a m pl es ar e mo difi e d aft er D e j o n g h e ( 1 9 9 8). T h e Pb- Z n m e t all o g eni c  m ap of t h e  R hi n e M assif i s 

m o difi e d aft er B o d e  et al. ( 2 0 0 9).

Fi g. 2

I m a g es a r e  o pti mi s ed f or  f a st w eb vi e wi n g. Cli c k o n t h e im a g e t o vi ew t h e origi n al v e r si o n.i

I m a g es a r e  o pti mi s ed f or  f a st w eb vi e wi n g. Cli c k o n t h e im a g e t o vi ew t h e origi n al v e r si o n.i
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M o s a n gl a z e d p ott er y: a . H aill ot (s e co n d h a lf 1 0t h c.- first h alf 1 1t h c.); b. An d e n n e-r  si d en c e  N o l ( mi d dl e 1 1t h c. - first q u art er 1 2t h c.); c. An d e n n e (f irst h alf 1 2t h c.). Pi ct ur es : a) R. Gill es 

A Wa P ; b)  Es p a c e m u s a l d An d e n n e, c)  Es p a c e m u s a l d An d e n n e.

T h e t a bl e  la y o ut di s pl a y e d i n t hi s s e cti o n i s n ot h o w i t will a p p ea r  in t h e fi n al v e r si o n. T h e r e pr e s e nt ati o n b el o w i s s ol el y p ur p o s e d f or pr o vi di n g c or r e cti o n s t o t h e t a bl e. T o pr e vi e wi

t h e a ct u al pr e s ent ati o n of t h e t a bl e, pl e a s e vi e w t h e Pr o of.

Ta bl e 1

S h ort d es cr i pti o n of t h e l e ad- gl a z e d m e di e v a l c er a mi cs o bj e ct s of t h e M e u s e v a ll ey.

A n al yti c al
E x c a v ati o n sit e D i s c o v e ry s etti n g  C h r o n ol o g y   I n v ent o r y n u m b e r D es c ri pti o n

I d.

A n d e n n e  ( N o l) - p ott er's first q u art er 1 2t h
P ott er y w ast ers  pit F 0 0 6 A N D 1 3 N O E. 0 1. 0 4 6. 0 1 2 3   A N D- 0 3  C ari n at ed b o w l. M o s a n or a n g e cl ay. Ye ll o w- or a n g e gl a z e

w or k s h o p c.

A n d e n n e  ( N o l) - p ott er's
P ott e r y w ast ers pit F0 1 5   1 3t h c. A N D 1 3 N O E. 0 1. 0 6 1. 0 0 0 1   A N D- 0 7  B o wl ( t erri n e ). M o s a n whit e  cl ay. Ye ll o w gl a z e

w or k s h o p

A n d e n n e  ( N o l) - p ott er's
Q u a dr a n g ul a r p ott er's kil n F0 6 8   1 4t h c. A N D 1 5 N O E. 0 1. 3 6 9. 0 0 0 2   A N D- 0 9  B o wl ( t erri n e ). M o s a n whit e  cl ay. Ye ll o w gl a z e

w or k s h o p

A n d e n n e  ( N o l) - p ott er's A N D-
Q u a dr a n g ul a r p ott er's kil n F0 6 8   1 4t h c. A N D 1 5 N O E. 0 1. 3 6 9. 0 0 0 2 B o w l ( t erri n e ). M o s a n whit e  cl ay. Ye ll o w gl a z e

w or k s h o p 0 9 bi s

Di n a nt ( C h ur c hill) - s ettl e m e nt   B a ckfill b ef or e fir e. first h alf 1 5t h c.  DI N 0 7 C H U R. 0 1. 1 3 2. 0 0 0 3  Di- 0 0 3  J u g. M o s a n whit e  cl ay. Ye ll o w gl a z e

Tr i p o d co o ki n g p ot. M o s a n w hit e  or gr e y cl ay. Br o w n
Di n a nt ( C h ur c hill) - s ettl e m e nt   B a ckfill b e f or e fir e. first h alf 1 5t h c.  DI N 0 7 C H U R. 0 1. 1 3 2. 0 0 0 7  Di- 0 0 7

m e t all es c e nt gl a z e

Gl o b ul ar p ot w it h h a n dl e s. M o s a n whit e  cl ay. Ye ll o w
Di n a nt ( C h ur c hill) - s ettl e m e nt   B a ckfill of a  c ell ar. 1 5t h c.  DI N 0 7 C H U R. 0 1. 0 8 0. 0 0 1 0   Di- 0 8 0

gl a z e

D i n a nt ( Fil at ur e) - s ettl e m e nt  L atri n e b a ckfill F 4 8  1 4t h - 1 6t h c.   DI N 0 3 FI L. 0 1. 1 2 7. 0 0 1 3  Di- 0 0 1  L arg e  b o wl ( t l e ). M o s a n r e d cl ay. Or a n g e  gl a z e

D i n a nt ( Fil at ur e) - s ettl e m ent   L atri n e b a ckfill F 4 8  1 4t h - 1 6t h c.   DI N 0 3 FI L. 0 1. 1 3 0. 0 0 1 0  Di- 0 1 0  B as k et- h an dl e  p ot. M o s a n whit e  cl ay. Ye ll o w gl a z e

Gl o b ul ar p ot w it h h a n dl e s. M o s a n whit e  cl ay. Ye ll o w
Di n a nt ( Fil a t ur e) - s ettl e m e nt  L atri n e b a ckfill F 4 8  1 4t h - 1 6t h c.   DI N 0 3 FI L. 0 1. 1 3 0. 0 0 1 1  Di- 0 1 1

gl a z e

D i n a nt ( Fil at ur e) - s ettl e m e nt  L atri n e b a ckfill F 4 8  1 4t h - 1 6t h c.   DI N 0 3 FI L. 0 1. 1 3 0. 0 0 1 2  Di- 0 1 2  L arg e  b o wl ( t l e ). M o s a n whit e  cl ay. Gr e e n gl a z e

D i n a nt ( Fil at ur e) - s ettl e m e nt  L atri n e b a ckfill F 4 8  1 4t h - 1 6t h c.   DI N 0 3 FI L. 0 1. 1 2 7. 0 0 2 2  Di- 0 2 2  L arg e  b o wl ( t l e ). M o s a n r e d cl ay. D ar k or a n g e  gl a z e

u ntil t h e en d 1 6t h S h er d of a n i n d et er mi n at e p ot. M o s a n w hit e c l ay. bl ui s h
D i n ant ( Fil a t ur e) - s ettl e m e nt  Fo u n d a ti o n dit c h b a c kfill F 2 5 DI N 0 3 F I L. 0 1. 0 2 0  Di- 0 2 0/ 1

c. y e ll o w gl a z e

u ntil t h e en d 1 6t h Di s h. M o s a n w hit e cl a y. Ye ll o w- or a n g e gl a z e wit h r e d
D i n ant ( Fil a t ur e) - s ettl e m e nt  C ell ar b a ckfill F 2 0 DI N 0 3 F I L. 0 1. 5 2 Di- 0 5 2

c. b ar b oti n e d e c or ati o n

u ntil t h e en d 1 6t h Di s h. M o s a n w hit e cl a y. Ye ll o w- or a n g e gl a z e wit h r e d
D i n ant ( Fil a t ur e) - s ettl e m e nt  C ell ar b a ckfill F 2 0 DI N 0 3 F I L. 0 1. 5 2 Di- 0 5 2 bi s

c. b ar b oti n e d e c or ati o n

D i n a nt ( Fil at ur e) - s ettl e m e nt  B a ckfill of pit F 1 4 6  e n d 1 5t h c.   DI N 0 3 FI L. 0 1. 4 2 3  Di- 4 2 5  L arg e  b o wl ( t l e ). M o s a n r e d cl ay. Li g ht y e ll o w gl a z e

1 0t h - b e g. 1 1t h B ott o m of a n i n d et er mi n at e p ot. M o s a n w hit e c l ay. Li g ht
H a ill ot - p ott er's w or k s h o p  B a ckfill of p ott er's  kil n F 3 0 O H E 0 5 H AI. 0 7. 1 6 0. 0 0 0 1   E G- 6

c.. y e ll o w gl a z e

A b a n d o n m e nt l a y er of p ott er's 1 0t h - b e g. 1 1t h S h er d of a gl o b ul ar p ot. M o s a n w hit e  cl ay. Gr e e ni s h
H a ill ot - p ott er's wor k s h o p O H E 0 5 H AI. 0 7. 2 0 5. 0 0 0 1   E G- 7

kil n s F 9 9 c.. y e ll o w gl a z e
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In the dataset, the oldest vessels, dated between the end of the 9th and the end of the 10th century, are associated with layers from the banks of the Meuse River in Namur 
(Grognon: EG-16) and with a levelling layer of a domestic occupation in Huy (Aux Ruelles: EG-11; Challe et al., in press). Three sherds were taken from the production
wastes of the Haillot workshop, which worked between the middle of the 10th and the middle of the 11th century (EG-6, EG-7, EG-8). Finally, glazed vessels were also
selected from a pit dating from the end of the 10th or the beginning of the 11th century and linked to the settlement of Aux Ruelles street in Huy (EG-9, EG-10). These pre-
Andenne lead glazes are applied as a liquid glazing mixture to white kaolinitic unfired vessels such as simple globular pots, globular pots with pouring spouts and/or 
handles, as well as to larger piriform pots or carinated bowls. The glaze may cover an underlying decoration printed with a wheel or with applied clay bands. The colour of 
the glaze is usually uniform, varying from light to dark yellow, but from the mid-11th century onwards it may be punctuated with brownish spots or dots.

Three glazed sherds were taken from three waste pits of a potter's workshop from Andenne, excavated in 2013 (Residence No l site) (Challe et al., 2017): these sherd pits 
are dated to the first quarter of the 12th century (AND-03), the 13th century (AND-07) and the 14th century (AND-09, AND-09bis). Four other samples (EG-12, EG-13, 
EG-14, EG-15) originate from the Huy potters' workshop (Aux Ruelles street) whose production is dated to the second quarter of the 14th century. The last eleven glaze 
samples were taken from ceramics found in Dinant, Churchill Avenue (Verbeek and Danese, 2009; Verbeek and Siebrand, 2011), and Dinant/Bouvignes, Fourneau street, 
on the site of the old spinning mills (Challe, 2007), excavated in 2003, 2006 and 2009. They were found in the backfill levels of latrine pits, cellars or pits dug in the brass 
workshops, or in the adjoining gardens. They attest to the daily consumption of a middle-class population between the 13th and 16th centuries. These Mosan lead glazes 
cover ceramics of quite varied types (globular pot, tripod cooking pot, jug, basket-handled pot, dish and bowl) made from a white kaolinitic clay or richer in iron oxides. 
The glazes obtained have a wide range of colours: yellow, orange, and more rarely brown, sometimes purplish, metalescent or green.

2.2 Geological setting and reference geological material

Belgium is an old mining country, well-known for its zinc, lead and iron deposits. The exploitation of Zn-Pb deposits likely dates back to the Bronze age (unproven), 
followed by a Roman mining activity (assumed) and an intense exploitation during the Middle Age (documented by archives, Ladeuze et al., 1991). The apogee is reached
during the second half of the 19th c., followed by continuous decline and the closing of the last mine in 1946 (Ladeuze et al., 1991). The mineralogy is simple with galena,
sphalerite, pyrite or marcasite and their weathering products associated in various proportions. Pb-Zn ore deposits (>200 localities) are found in Devonian and
Carboniferous rocks, mainly carbonates, which were intensely folded and faulted during the Variscan orogeny. The main economic Zn-Pb veins occur in faults, which are 
transverse to the Variscan fold axes. Rare veins also occur in siliciclastic rocks of Lower Devonian age or older (Dejonghe and Boni, 2004). Several ore deposit types are 
distinguished: syndiagenetic, vein and connected flats and paleokarstic types. The syndiagenetic deposits are made up of numerous disseminated-type deposits with low 
grades and small tonnages; they are linked to Upper Devonian reef facies carbonate formations. The largest exploited vein-type deposits are hosted in Lower Carboniferous 
carbonate rocks (Dejonghe et al., 1993; Dejonghe, 1998). In the Calamine area, close to the German border, the ore is dominated by the Calamine-type  deposit, a non- 
sulphide Zn ore of supergene origin which is characterized by high Zn/Pb ratios. The La Calamine  deposits were exploited at least since the 14th century (Dejonghe and 
Boni, 2004). Dejonghe (1998) distinguishes three lead zinc districts (Fig. 1).

The Pb-Zn-(Ba) district of the Namur-Verviers Synclinoria: it is the largest belt (120 km long and 10 25 km wide) that extends towards Aachen area 
(Germany) to the east and along the Meuse and Sambre valleys to the west. The mineralisation is hosted in Dinantian limestones. In this paper, this large 
district is subdivided into the Pb-rich Mosan area (between Namur and Li ge) corresponding to the Namur Parautochthon (in which studied medieval 
pottery workshops and consumption sites are all located) and the Zn-rich Verviers Synclinorium, east part of the Ardennes Allochthon. The NE lateral 
extension of this belt in Germany is the Rhenohercynian Zone, which includes most of the Ardenno-Rhenish Massif (Vogel et al., 1987), the Werra 
Anticline and the Harz. In the German Rhine Massif, Pb-Zn ore deposits occurred on both sides of the Rhine. The well-known Pb-Zn Aachen-Stolberg 
mining district (Walther, 1986) is located in the Inde Syncline (North Rhine-Westphalia, Germany) and is the NE prolongation of the Verviers Synclinorium. 
Near Stolberg, calamine has been mined since the 1st century CE (Dejonghe, 1998). The ores from the Brilon district are of epigenetic origin, the Bensberg 
and Aachen-Stolberg districts house hydrothermal Pb-Zn-veins and the ores of Mechernicher Bleiberg are mostly of submarine exhalative origin. Mining
districts in Aachen-Stolberg district (Plombi res-La Calamine), Maubach (mineralization in Triassic limestones, DE), in the Sauerland (Brilon district, North
Rhine-Westphalia, DE) and in the Bergische Land (Bensberg district, DE), east of the river Rhine in North-Rhine Westphalia are reported on the 
metallogenic map of the Rhine Massif (Bode et al., 2009). The oldest known written references of lead ore mining activities between Namur and Huy
(Mosan valley) date back to 1265, in the commune of Seilles, where lead mines were already described as 'old'. Between 1265 and 1522, other mentions
(1265 1289: Seilles, 1265, 1371, 1375, 1352: Sclayn; <1278: Couthuin-Marsinnes; 1356: Ban of Andenne (Andenne and Sclayn), <1395: between Seilles
and Landenne, XIV : Moha (Wanze), 1395 1396: between Vezin (Namur) and Wartet (Namur); 1416 17, 1432, 1436 1438: Landenne and Seilles; <1432: 
Andenne) are numerous (G nicot 1964; Hasquin 1980; Brognet et al. 1993; Van de Roy 1996; Dejonghe 2010).

The Pb-Zn-Ba-F district of the Dinant Synclinorium: the mineralisation is associated to Givetian-Frasnian limestones and dolostones of the so-called 
Calestian Band (a narrow band in relief, 2 to 10 km wide and 130 km long). Fluorite and barite occur in the centre of this mining district.

The Pb-Zn district of the Ardennes: The mineralisation is located in Lower Devonian detrital rocks. Mines are rare and dispersed on a large territory.

Some rare and small Pb-Zn veins are sporadically found in Lower Palaeozoic, Eifelian and Namurian series.

2.3 Lead isotope analytical method

Haillot - potter's workshop Abandonment layer of potter's 10th - beg. 11th OHE05HAI.07.205.0002 EG-8 Sherd of a globular pot. Mosan white clay. Yellow glaze
kilns F99 c..

Huy (Aux Ruelles) - potter's
Pottery wasters pit F60 first half 14th c. HY05RU.01.274.374 EG-12 Sherd of a terrine. Mosan white clay. Yellow glaze

workshop

Huy (Aux Ruelles) - potter's
Pottery wasters pit F60 first half 14th c. HY05RU.01.274.378 EG-13 Cooking pot (sherd). Mosan red clay. Yellow glaze

workshop

Huy (Aux Ruelles) - potter's Cooking pot (sherd). Mosan red clay. Orange brown and
Pottery wasters pit F60 first half 14th c. HY05RU.01.274.379 EG-14

workshop green glaze

Huy (Aux Ruelles) - settlement Fill F132 end 9th - 10th c. HY06RU.01.666.0001 EG-11 Handle of a pot. Mosan white clay. Dark yellow glaze

end 10 th - beg.
Huy (Aux Ruelles) - settlement Backfill of pit F114 HY06RU.01.608.0001 EG-9 Sherd of a globular pot. Mosan white clay. Yellow glaze

11th c.

end 9th - mid.
Namur (Grognon) - riverbank Black earths F229 NRGRO2.17.765.0012 EG-16 Sherd of a globular pot. Mosan white clay. Yellow glaze

10th c.

Huy - fountain Le Bassinia Lead water pipe of a fountain 15th - 16th c. EG-1 Lead water pipe. Pure metallic lead
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L e a d  is ot o pe a n al y sis is a v er y  s uc c essf u l m et h o d t o est a blis h t he g e o g r a p hi c al ori gi n of l e a d pr es e nt i n a nci e n t m et als a n d ot her m a n - m a de m at eri als ( e. g.  gl ass, gl a z e,

p ai n t, c oi ns, all o ys) a n d  t o tr a c e t he d e v el o p m e n t of patt er n s of mi ni n g a n d tr a de r o u t es. T h e is ot o pi c c om p o siti o n  of l e a d or es is vari a b l e a n d de p e n ds o n  a c om b i nati o n  of

f a ct ors, t he a g e o f t he d e p o sit a n d  t he g e o c h e mi c al f e at u r es ( U/ P b, T h/ P b a n d U/ T h r ati os) o f t he s o ur c e-r e g i o n of t he m et al ( e. g.  W o lf et al., 2 0 0 3; Fa u r e a n d M e nsi n g,

2 0 0 5 ). S e ver al a u t h ors (W o lf et al., 2 0 0 3; St os- G al e a n d G al e, 2 0 0 9 ; Walt o n a n d Tit e, 2 0 1 0; T hi b o de a u et al., 2 0 1 2 ; R a e ps a et et al., 2 0 1 5, 2 0 2 0; C arr oll et al., 2 0 2 1; 

T o m c z y k et al., 2 0 2 1 ) us e t his p ow erf u l t e c h ni q ue t o i de n tif y t he s o u r c e of l e a d of ar c h e o l o gi c al art ef a cts o f vari o u s a g e s.

S a m p l e pr e par ati o n. L e a d - gl a z e d c er a mi cs w er e d eli c at el y s a m p l e d (s e ver al milli g r a ms) usi n g a d e n tist s drill. Sm all fr a gm e n ts of p ur e g al e n a w e r e c ar ef ull y s e p ar at e d fr o m

g al e n a-s p h al erit e- p y rit e/ m ar c asit e or e s a m p l es usi n g a s har p k n if e.

C h e mi c al p r oc e d u r e. T h e gl ass fr a gm e n ts w er e cr us he d m a n u all y i n a n a g at e m o rt ar a n d r e d uc e d t o fi n e- g r ai ne d p o w d ers. Ali q u o ts of t he p o w d er ( 4 0  m g) w er e di gest e d 

i n a n a ci d mi x t ur e ( H F: H N O 3  i n pr o p orti o ns 4/ 1) o n a h ot pl at e 1 0 0 1 2 0 C) d uri n g f o ur da y s. L e a d has b e e n  s e par at e d  usi n g s u c c essi ve a ci d  el uti o n o n a n i o n- e xc h a n g e

c o l um n  ( a ni o ni c r esi n Bi o r a d A G 1X 8,  1 0 0 2 0 0 m es h) (f or f urt her d et ails,  s e e Weis et al.,  2 0 0 6). G al e na fr a g m e n ts ( 2 0 m g) w er e si m pl y diss ol ve d  b y nitri c a ci d a n d

d il ut es t o a d esir e d c o n c e n tr ati o n f or m ass s pe ctr o m etri c m e as u r e m e nts.

M ass s p e ctr o m etr y m e as ur e m e nts. P b is ot o pi c c o m p ositi o n s w er e m e as u r e d o n a M C-I C P- M S N U Pl as m a I I nstr um e n t at t he G-ti m e L a b o r at or y of t he D  part e m e nt 

G os ci e n c es, E n vir o n n e m e n t et S oci  t  ( D G E S) of t he U L B.  A nal y ti c al r e pr o d uci b ilit y a n d a c c ur a c y ar e r e g ul arl y c o ntr oll e d b y r e pe at e d  m e as ur e m e nts of t he NI S T 

S R M 9 8 1 c o m m o n l e a d  st a n dar d.  T o c orr e ct f or i nstr u m e n t al m ass bi as, a t halli u m s o l uti o n of k n ow n  is ot o pi c c om p o siti o n  is a d de d  t o e a c h s a m pl e a n d e a c h st a n dar d  i n 

or d er t o h a v e a Tl/ P b r ati o cl os e t o  6. All m e as ur e m e nts w er e d o ne wit h  a mi ni m um i n t e nsit y  of 1 3 0 m V f o r 2 0 4 P b.  T h e is ot o pi c r ati os w er e a ut om ati c all y  c orr e ct e d usi n g 

t he t h alli u m fr a cti o n ati o n  l a w ( c al c ul at e d fr om t h e m e as u r e d 2 0 5 Tl/ 2 0 3 Tl r ati o s c o m p ar e d  t o t he k n o w n  Tl is ot o pi c c om p ositi o n.  T his pr oc e d u r e is l ar gel y  des cri b e d  b y 

C o ll ers o n et al. ( 2 0 0 2) a n d ver y  r e c e ntl y r e vi e w e d b y N a g ais h i et al; ( 2 0 2 1). M ass dis cri mi nati o n  eff e cts w er e als o c orr e ct e d b y st a n dar d  br a c keti n g  (N o b r e Sil va et al.,

2 0 0 9 ). D u ri n g t he a n al y ti c al s essi o n o f O ct o b er 2 0 1 8, t he a v er a g e v a l u es o b t ai n e d f or t h e S R M 9 8 1 st a n d a r ds ( n = 4 0) w er e: 2 0 6 P b /2 0 4 P b : 1 6. 9 3 9 6 0. 0 0 0 9; 2 0 7 P b /2 0 4 P b:

1 5. 4 9 5 6   0. 0 0 1 0; 2 0 8 P b /2 0 4 P b : 3 6. 7 0 1 4  0. 0 0 4 7; 2 0 7 P b /2 0 6 P b : 0. 9 1 4 8  0. 0 0 0 0; 2 0 8 P b /2 0 6 P b : 2. 1 6 6 6  0. 0 0 0 2. T h e P b is ot o pi c val u es w er e n o r m ali z e d usi n g t h e

r e c om m e n d e d  val u es o f G al er a n d  A b o uc h a mi ( 1 9 9 8) : 2 0 8 P b /2 0 4 P b : 3 6. 7 2 1 9  4 4; 2 0 7 P b /2 0 4 P b : 1 5. 4 9 6 3  1 6; 2 0 6 P b /2 0 4 P b : 1 6. 9 4 0 5  1 5. T h e gl o bal a n al y ti c al err ors

ar e  0. 0 0 1% ( 2 0 7 P b /2 0 6 P b ), 0. 0 0 2% ( 2 0 8 P b /2 0 6 P b ) a n d  0. 0 4% ( 2 0 6 P b /2 0 4 P b ).

D u p li c at es f or 2 s a m pl es (T a b l e 2) all ow t o s h o w t h e e x c ell e n t r e pr o d uci b ilit y of t he w h o l e pr oc e d u r e ( c he mi c al p r e par ati o n a n d is o t o pi c m e as ur e m e nts b y m ass 

s pe ctr o m etr y ).

Ta bl e 2

i T h e  t abl e  la y o ut di s pl a y e d i n t hi s s e cti o n i s n ot h o w i t will a p p ea r  in t h e fi n al v e r si o n. T h e r e pr e s e nt ati o n b el o w i s s ol el y p ur p o s e d f or pr o vi di n g c or r e cti o n s t o t h e t a bl e. T o pr e vi e w

t h e a ct u al pr e s ent ati o n of t h e t a bl e, pl e a s e vi e w t h e Pr o of.

L e a d i s ot o pi c co m p o siti o n s of l e a d- gl a z e d M o s a n c er a mi cs a n a l y s e d i n t hi s st u d y.

A n al yti c al I d.   S a m pl e r ef. y e a r   Pl a c e O bj e ct t y p e  2 0 7 P b/ 2 0 6 P b 2 0 8 P b/ 2 0 6 P b 2 0 6 P b/ 2 0 4 P b 2 0 7 P b/ 2 0 4 P b 2 0 8 P b/ 2 0 4 P b

A N D 0 3   A N D 1 3 N O E. 0 1. 0 4 6. 0 1 2 3  2 0 1 8  An d e n n e  C er a mi c   0. 8 5 0 4 3  2. 0 8 8 2 4  1 8. 3 7 6 8 4  1 5. 6 2 8 2 3  3 8. 3 7 5 2 7

A N D 0 7   A N D 1 3 N O E. 0 1. 0 6 1. 0 0 0 1  2 0 1 8  An d e n n e  C er a mi c   0. 8 4 9 9 7  2. 0 8 7 0 6  1 8. 3 8 1 8 5  1 5. 6 2 4 1 9  3 8. 3 6 3 8 7

A N D 0 9   A N D 1 5 N O E. 0 1. 3 6 9. 0 0 0 2  2 0 1 8  An d e n n e  C er a mi c   0. 8 4 9 9 8  2. 0 8 7 2 5  1 8. 3 8 5 2 2  1 5. 6 2 7 4 3  3 8. 3 7 5 2 0

A N D 0 9 bi s  A N D 1 5 N O E. 0 1. 3 6 9. 0 0 0 2   2 0 1 8  An d e n n e  C er a mi c   0. 8 5 0 0 1  2. 0 8 7 3 7  1 8. 3 8 6 8 1  1 5. 6 2 9 3 1  3 8. 3 8 0 5 9

Di 0 2 0   DI N 0 3 FI L. 0 1. 0 2 0 2 0 1 8   Di n ant  C er a mi c   0. 8 5 0 0 4  2. 0 8 7 6 2  1 8. 3 8 1 5 7  1 5. 6 2 4 9 1  3 8. 3 7 3 1 2

Di 0 5 2   DI N 0 3 FI L. 0 1. 5 2 2 0 1 8   Di n ant  C er a mi c   0. 8 4 9 7 9  2. 0 8 6 8 9  1 8. 3 8 7 0 2  1 5. 6 2 5 0 6  3 8. 3 7 1 0 2

Di 0 5 2 bi s  DI N 0 3 FI L . 0 1. 5 2 2 0 1 8   Di n ant  C er a mi c   0. 8 4 9 7 6  2. 0 8 6 7 4  1 8. 3 8 5 6 0  1 5. 6 2 3 2 9  3 8. 3 6 5 2 2

Di 4 2 5   DI N 0 3 FI L. 0 1. 4 2 3 2 0 1 8   Di n ant  C er a mi c   0. 8 4 7 7 5  2. 0 8 6 7 9  1 8. 4 7 1 1 3  1 5. 6 5 8 8 0  3 8. 5 4 4 4 6

Di 0 0 1   DI N 0 3 FI L. 0 1. 1 2 7. 0 0 1 3 2 0 1 8   Di n ant  C er a mi c   0. 8 5 1 0 6  2. 0 8 8 2 0  1 8. 3 6 1 2 5  1 5. 6 2 6 6 3  3 8. 3 4 2 1 3

Di 0 2 2   DI N 0 3 FI L. 0 1. 1 2 7. 0 0 2 2 2 0 1 8   Di n ant  C er a mi c   0. 8 4 9 0 9  2. 0 8 7 1 1  1 8. 4 1 4 6 9  1 5. 6 3 5 3 9  3 8. 4 3 2 3 1

Di 0 1 0   DI N 0 3 FI L. 0 1. 1 3 0. 0 0 1 0 2 0 1 8   Di n ant  C er a mi c   0. 8 5 1 2 0  2. 0 8 8 5 9  1 8. 3 6 0 9 8  1 5. 6 2 8 7 7  3 8. 3 4 8 7 4

Di 0 1 1   DI N 0 3 FI L. 0 1. 1 3 0. 0 0 1 1 2 0 1 8   Di n ant  C er a mi c   0. 8 5 0 3 6  2. 0 8 7 7 2  1 8. 3 6 9 0 6  1 5. 6 2 0 3 4  3 8. 3 4 9 7 6

Di 0 1 2   DI N 0 3 FI L. 0 1. 1 3 0. 0 0 1 2 2 0 1 8   Di n ant  C er a mi c   0. 8 5 0 8 9  2. 0 8 8 6 9  1 8. 3 7 1 4 8  1 5. 6 3 2 0 8  3 8. 3 7 2 4 4

Di 0 0 3   DI N 0 7 C H UR. 0 1. 1 3 2. 0 0 0 3   2 0 1 8  Di n ant  C er a mi c   0. 8 5 8 1 9  2. 0 9 9 9 5  1 8. 2 0 7 3 0  1 5. 6 2 5 1 8  3 8. 2 3 3 2 4

Di 0 8 0   DI N 0 7 C H UR. 0 1. 0 8 0. 0 0 1 0   2 0 1 8  Di n ant  C er a mi c   0. 8 4 9 6 6  2. 0 8 6 5 9  1 8. 3 8 8 4 1  1 5. 6 2 3 9 9  3 8. 3 6 9 1 4

Di 0 0 7   DI N 0 7 C H UR. 0 1. 1 3 2. 0 0 0 7   2 0 1 8  Di n ant  C er a mi c   0. 8 4 9 9 4  2. 0 8 6 8 4  1 8. 3 7 9 3 1  1 5. 6 2 1 2 7  3 8. 3 5 4 1 6

E G- 6  O H E 0 5 H AI. 0 7. 1 6 0. 0 0 0 1   2 0 2 1  H aill ot C er a mi c   0. 8 4 9 8 0  2. 0 8 6 3 0  1 8. 3 7 6 8  1 5. 6 1 6 5  3 8. 3 3 9 1

E G- 7  O H E 0 5 H AI. 0 7. 2 0 5. 0 0 0 1   2 0 2 1  H aill ot C er a mi c   0. 8 5 0 0 0  2. 0 8 7 3 2  1 8. 3 8 5 5  1 5. 6 2 7 6  3 8. 3 7 6 3

E G- 8  O H E 0 5 H AI. 0 7. 2 0 5. 0 0 0 2   2 0 2 1  H aill ot C er a mi c   0. 8 5 0 0 4  2. 0 8 7 4 5  1 8. 3 8 7 5  1 5. 6 2 9 9  3 8. 3 8 2 3

E G- 9  H Y 0 6 R U. 0 1. 6 0 8. 0 0 0 1  2 0 2 1   Hu y- A u x R u e ll es  C er a mi c  0. 8 5 0 0 9  2. 0 8 7 0 9  1 8. 3 7 3 4  1 5. 6 1 8 8  3 8. 3 4 7 0

E G- 1 1   H Y 0 6 R U. 0 1. 6 6 6. 0 0 0 1 2 0 2 1   Hu y- A u x R u e ll es  C er a mi c  0. 8 5 0 0 3  2. 0 8 7 3 9  1 8. 3 8 6 8  1 5. 6 2 9 1  3 8. 3 8 0 2

E G- 1 2   H Y 0 5 R U. 0 1. 2 7 4. 3 7 4 2 0 2 1   Hu y- A u x R u e ll es  C er a mi c  0. 8 4 9 5 9  2. 0 8 6 4 5  1 8. 3 8 9 0  1 5. 6 2 3 2  3 8. 3 6 7 2

E G- 1 3   H Y 0 5 R U. 0 1. 2 7 4. 3 7 8 2 0 2 1   Hu y- A u x R u e ll es  C er a mi c  0. 8 5 0 0 9  2. 0 8 7 2 2  1 8. 3 7 4 5  1 5. 6 2 0 0  3 8. 3 5 1 6

E G- 1 4   H Y 0 5 R U. 0 1. 2 7 4. 3 7 9 2 0 2 1   Hu y- A u x R u e ll es  C er a mi c  0. 8 5 0 0 8  2. 0 8 7 1 4  1 8. 3 7 3 3  1 5. 6 1 8 6  3 8. 3 4 6 9

E G- 1 6   N R G R O 2. 1 7. 7 6 5. 0 0 1 2 2 0 2 1   N am ur - Gr o g n o n   C er a mi c  0. 8 5 0 1 0  2. 0 8 7 1 2  1 8. 3 7 3 0  1 5. 6 1 8 9  3 8. 3 4 6 3

E G- 1 B a ss i ni a w at er ad d u c ti o n pi p e  2 0 2 1  Hu y  Wa t er pi p e  0. 8 5 3 1 3  2. 0 9 6 8 8  1 8. 3 5 3 0  1 5. 6 5 7 4  3 8. 4 8 3 6

2 s 0. 0 0 0 0 1   0. 0 0 0 0 2  0. 0 0 0 4  0. 0 0 0 4  0. 0 0 1 0
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2. 4  R ef e r e n c e d at a b as es

T h e i de n tifi c ati o n of t he o r e de p o sit(s) fr o m w hi c h t h e l e a d of t h e l e a d- gl ass es is d eri v e d d e p e n ds cr u ci all y o n t h e a v ail a bl e d at a b as es f or t h e or e de p o sits.

I n t his pa p er,  f or s o ur ci n g p ur p os es, w e us e t h e fr e e- a c c ess dat a b as es: 1) t h e O xf or d Ar c h a e ol o gi c al L e a d Is ot o p e d at a b as e ( O X A LI D: St os- G al e a n d G al e, 2 0 0 9 ) of or es

a n d art ef a cts; 2) t h e d at a b as e of or es P b is ot o p e c o m p o siti o ns c o m pil e d b y  Bli c h ert- T oft et al. ( 2 0 1 6)  a n d 3) t h e d at a p u b lis h e d b y B o d e ( 2 0 0 8) a n d B o d e et al. ( 2 0 0 9)  f or 

g al e n as fr o m t h e R hi n e mi ni n g distri cts as w ell as A u g u st a n/ Ti b eri a n ( e arl y R o m a n I m p eri al p eri o d) ar c h a e ol o gi c al l e a d o b j e cts. T h e d at as ets r e g ar di n g B el gi a n or es ( P b- 

Z n d e p osits) a n d R o m a n art ef a cts ar e n ot y et i n t h es e d at a b as es alt h o u g h P b is ot o p e c o m p ositi o ns w er e pr e vi o usl y p u blis h e d b y P ast e els et al. ( 1 9 8 0) , C a u et et al. ( 1 9 8 2),

C a u et a n d Weis, 1 9 8 3 a n d R a e ps a et et al. ( 2 0 1 5, 2 0 2 0) .

2 . 5 St atisti c al t r e at m e nt m et h o d

T h e  u ni v ari at e K er n el D e nsit y Esti m ati o n ( K D E) pl ots ar e us e d t o pr o vi d e a vis u al r e pr es e nt ati o n of t h e d at a f or t h e t hr e e P b is ot o pi c r ati os. T h e b a n d wi dt hs w er e 

e sti m at e d o n t h e t ot al p o p ul ati o n f or e a c h r ati o usi n g t h e S h e at h er a n d J o n es m et h o d ( S h e at h er a n d J o n es, 1 9 9 1 ). T h e r es ults ar e o v erl a y e d o n fr e q u e n c y hist o gr a ms w h er e 

th e bi n wi dt h ar e t u n e d t o vis u all y s u p p ort t h e K D E pl ot. F or e a c h of t h e K D E c ur v es, t h e m o d es a n d  a nti- m o des ar e i d e n tifi e d usi n g t h e R pa c k a g e m ulti m o d e  (

A m eij eir as- Al o ns o et al., 2 0 2 1 ). T h es e f e at ur es c a n b e us e d t o d es cri b e t h e distri b uti o n of e a c h P b is ot o pi c r ati o b ut s h o ul d n ot b e dir e ctl y i nt er pr et e d as m e a ni n gf ul gr o u ps

si n c e t h e l o c ati o n of t h e m o d es a n d a nti- m o d es is hi g hl y d e p e n d e nt o n t h e s el e ct e d b a n d wi dt h. E a c h p e a k i n t h e K D E c ur v es is d efi n e d b y a m o d e a n d li mit e d b y t w o a nti- 

m o d es. T h e cl ust eri n g o f t he d at a is p erf or m e d o n t h e n or m alis e d v al u es o f t h e t hr e e r ati os t hr o u g h t h e a p pli c ati o n of t h e d e nsit y- b as e d or d eri n g m et h o ds O P TI C S (A n k erst 

e t al., 1 9 9 9) pr es e nt i n t h e R p a c k a g e d bs c a n  ( H a hsl er e t al., 2 0 1 9). T his m et h o d all o w s t he d et e cti o n of cl ust ers i n d at a of v ar yi n g d e nsit y a n d v er y f e w

p ar a m et ers ar e r e q uir e d t o b e t u n e d. T h e r es ults of t h e cl ust eri n g ar e dis pl a y e d o n t h e K D E 2 D c o nt o ur pl ot w h er e t h e gr o u ps i d e ntifi e d b y t h e O P TI C S m et h o d ar e

e n cl os e d i n c o n v e x h ulls.

3 R es ults a n d dis c ussi o n

T h e  P b is ot o pi c c o m p ositi o n of l e a d- gl a z e d c er a mi cs, t h e f o u nt ai n w at er pi p e fr o m H u y a n d g al e n as h as b e e n r e p ort e d i n T a bl es 2 a n d 3 .

T a bl e 3

P b i s ot o pi c c o m p o siti o n s of s el e ct e d g al e n a s fr o m t h e N a m ur- A m a y ar e a. C o m p ari s o n wit h t h e d at a of P ast e el s et al. ( 1 9 8 0)  a n d C a u et et al. ( 1 9 8 2).

S a m pl e r ef.  Pl a c e  ( vill a g e CI T Y) C o nt e xt
O bj e ct

t y p e
2 0 7 P b/ 2 0 6 P b 2 0 8 P b/ 2 0 6 P b 2 0 6 P b/ 2 0 4 P b 2 0 7 P b / 2 0 4 P b 2 0 8 P b / 2 0 4 P b

E G- 0 2 ( 2 0 2 0)  M a r c h e-l es- D a m es ( N A M U R)  Di s u s e d mi n e  P b- Zn or e  M o s a n 0. 8 4 9 9 0  2. 0 8 6 6 5   1 8. 3 7 5 7  1 5. 6 1 7 4  3 8. 3 4 3 3

E G- 0 3 ( 2 0 2 0)  A n d e n ell e ( A N D E N N E) D i s u s e d mi n e  P b- Z n or e  M o s a n 0 . 8 5 0 2 3  2. 0 8 7 2 8  1 8. 3 6 4 7  1 5. 6 1 4 2  3 8. 3 3 1 8

E G- 0 4 ( 2 0 2 0)  S eill es ( A N D E N N E)
Di s u s e d

q u arr y
P b- Z n or e  M o s a n 0. 8 4 9 9 3  2. 0 8 6 8 2  1 8. 3 8 2 6  1 5. 6 2 3 9  3 8. 3 6 0 5

E G- 0 5 ( 2 0 2 0)  Ve dri n ( N A M U R) Di s u s e d mi n e  P b- Z n or e  M o s a n 0 . 8 5 4 2 0  2. 0 9 3 7 8  1 8. 3 0 0 7  1 5. 6 3 2 4  3 8. 3 1 6 9

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

C a u et et al. 

( 1 9 8 2)

2 s ( m e a n)  0. 0 0 1 0 0  0. 0 0 2 0 0  0. 0 4 2 5  0. 0 3 7 5  0. 1 1 2 5

L A R O C H E- E N- A R D E N N E Di s u s e d mi n e  P b- Z n or e  Ar d e n n es  0. 8 5 2 6  2. 0 9 1 2  1 8. 3 1  1 5. 6 1 1   3 8. 2 8 9

L o n g vill y ( B A S T O G N E) D i s u s e d mi n e  P b- Z n or e  Ar d e n n es  0. 8 3 8 0  2. 0 7 4 7  1 8. 2 8 6  1 5. 6 2 3  3 7. 9 3 8

L o n g vill y ( B A S T O G N E) D i s u s e d mi n e  P b- Z n or e  Ar d e n n es  0. 8 5 4 4  2. 0 9 3 6  1 8. 3 0 4  1 5. 6 3 9  3 8. 3 2 1

M A R T E L A N G E Sl at e q u arr y  P b- Z n or e  Ar d e n n es  0. 8 5 0 7  2. 0 8 2 4  1 8. 3 2 1   1 5. 5 8 5  3 8. 1 5 2

A v e- et- A uff e ( R O C H E F O R T) P b- Z n or e  C al esti a n  0. 8 5 2 2  2. 1 0 4 2  1 8. 3 6 7  1 5. 6 5 3  3 8. 6 4 7

B E A U R AI N G P b- Z n or e  C al esti a n  0. 8 5 4 3  2. 0 9 1 4  1 8. 2 7 6   1 5. 6 1 4  3 8. 2 2 2

B E A U R AI N G P b- Z n or e  C al esti a n  0. 8 5 3 2  2. 0 9 2 1  1 8. 3 2 3   1 5. 6 3 4  3 8. 3 3 3

D o ur b es ( VI R OI N V A L) P b- Z n or e  C al esti a n  0. 8 5 2 1  2. 0 9 1 9  1 8. 3 9  1 5. 6 7  3 8. 4 7

D U R B U Y P b- Z n or e  C al esti a n  0. 8 4 8 7  2. 0 8 7 2  1 8. 3 9  1 5. 6 0 8  3 8. 3 8 3

M a z e ( VI R OI N V A L) P b- Z n or e  C al esti a n  0. 8 4 9 4  2. 0 8 7 4  1 8. 4 2 5  1 5. 6 5 1   3 8. 4 6 1

Ni v erl e ( D OI S C H E) P b- Z n or e  C al esti a n  0. 8 4 8 9  2. 0 8 7 1  1 8. 4 2 4  1 5. 6 4   3 8. 4 5 2

Oll o y-s ur- Vir oi n ( VI R OI N V A L) P b- Z n or e  C al esti a n  0. 8 4 7 8  2. 0 9 4 6  1 8. 4 0 2  1 5. 6 0 2  3 8. 5 4 5

S a ut o ur 1 ( P HI LI P P E VI L L E) P b- Z n or e  C al esti a n  0. 8 4 9 4  2. 0 8 4 3   1 8. 4 1 7  1 5. 6 4 3  3 8. 3 8 6

C a u et et al.  S a ut o ur 2 ( P HI LI P P E VI L L E) P b- Z n or e  C al esti a n  0. 8 5 6 5  2. 0 9 3 3  1 8. 2 1 7   1 5. 6 0 2  3 8. 1 3 4

i T h e t a bl e l a y o ut di s pl a y e d i n t hi s s e cti o n i s n ot h o w it will a p p e a r i n t h e fi n al v e r si o n. T h e r e pr e s e nt ati o n b el o w i s s ol el y p ur p o s e d f or pr o vi di n g c or r e cti o n s t o t h e t a bl e. T o pr e vi e w

th e a ct u al pr e s e nt ati o n of t h e t a bl e, pl e a s e vi e w t h e Pr o of.



é

(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Solre-st-G ry (BEAUMONT) Pb-Zn ore Calestian 0.8570 2.0976 18.209 15.605 38.195

Vierves-sur-Viroin (VIROINVAL) Pb-Zn ore Calestian 0.8472 2.0845 18.479 15.656 38.519

Villers-en-Fagnes (PHILIPPEVILLE) Pb-Zn ore Calestian 0.8481 2.0880 18.452 15.649 38.527

Heure (SOMME-LEUZE) Pb-Zn ore Calestian/Famenne 0.8507 2.0868 18.377 15.633 38.35

BLEIBERG/PLOMBIERES Pb-Zn ore East 0.8485 2.0859 18.423 15.631 38.428

BLEIBERG/PLOMBIERES Pb-Zn ore East 0.8540 2.0946 18.257 15.591 38.241

CHAUDFONTAINE Pb-Zn ore East 0.8503 2.0885 18.368 15.618 38.362

Dickenbusch (WELKENRAEDT) Pb-Zn ore East 0.8505 2.0847 18.397 15.647 38.353

Cauet et al. 
(1982)

Fossey Mine-Hergenrath (LA 
CALAMINE)

Disused mine Pb-Zn ore East 0.8501 2.0868 18.385 15.63 38.366

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Cauet et al. 
(1982)

Pasteels et al. 
(1980)

Pasteels et al. 
(1980)

Pasteels et al. 
(1980)

Pasteels et al. 
(1980)

Pasteels et al. 
(1980)

Pasteels et al. 
(1980)

Pasteels et al. 
(1980)

Pasteels et al. 
(1980)

La Rochette (TROOZ) Pb-Zn ore East 0.8504 2.0931 18.361 15.614 38.431

LONTZEN Disused mine Pb-Zn ore East 0.8503 2.0900 18.368 15.618 38.39

Membach (BAELEN) Disused mine Pb-Zn ore East 0.8564 2.0922 18.185 15.573 38.046

Membach (BAELEN) Disused mine Pb-Zn ore East 0.8565 2.0966 18.283 15.66 38.333

Rabotrath (LONTZEN) Disused mine Pb-Zn ore East 0.8478 2.0840 18.406 15.605 38.359

Rocheux-Oneux (THEUX) Disused mine Pb-Zn ore East 0.8510 2.0865 18.38 15.642 38.35

Rocheux-Oneux (THEUX) Disused mine Pb-Zn ore East 0.8495 2.0859 18.384 15.618 38.347

Schmalgraf mine (LA CALAMINE) Disused mine Pb-Zn ore East 0.8495 2.0868 18.444 15.669 38.489

Schmalgraf mine (LA CALAMINE) Disused mine Pb-Zn ore East 0.8494 2.0875 18.354 15.59 38.314

ENGIS Pb-Zn ore Mosan 0.8502 2.0865 18.375 15.622 38.34

ENGIS Pb-Zn ore Mosan 0.8502 2.0875 18.368 15.617 38.344

Haie-Monnet - Seilles (ANDENNE) Disused mine Pb-Zn ore Mosan 0.8480 2.0870 18.402 15.605 38.405

Haie-Monnet - Seilles (ANDENNE) Disused mine Pb-Zn ore Mosan 0.8499 2.0874 18.398 15.636 38.404

Vedrin (NAMUR) Disused mine Pb-Zn ore Mosan 0.8506 2.0875 18.37 15.625 38.347

Vedrin (NAMUR) Disused mine Pb-Zn ore Mosan 0.8499 2.0872 18.353 15.599 38.306

HERBEUMONT Outcrop Pb-Zn ore Ardennes 0.8523 2.0907 18,319 15,613 38,299

(BASTOGNE) Collection Pb-Zn ore Ardennes 0.8544 2.0936 18,304 15,639 38,321

B- Tamison (BEAURAING) Borehole Pb-Zn ore Calestian 0.8540 2.0939 18,314 15,640 38,347

DISON Outcrop Pb-Zn ore East 0.8502 2.0896 18,379 15,625 38,404

Le Rocheux-Oneux (THEUX) Heaps Pb-Zn ore East 0.8495 2.0859 18,384 15,618 38,347

Montzen (PLOMBIERES) Collection Pb-Zn ore East 0.8540 2.0946 18,257 15,591 38,241

Membach (BAELEN) Heaps Pb-Zn ore East 0.8565 2.0966 18,283 15,660 38,333

Neu Moresnet (SCHMALGRAF) Collection Pb-Zn ore East 0.8494 2.0875 18,354 15,590 38,314



3. 1  L e a d is ot o p e si g n at u r e of t h e M o s a n m e di e v al c e r a mi c gl a z e s

O mitti n g  t h e  t w o  o utli ers  ( dis c uss e d  b el o w),  t h e  l e a d- gl a z e d  c er a mi cs  dis pl a ys  n arr o w  r a n g es  of  is ot o pi c  c o m p ositi o ns: 2 0 6 P b/ 2 0 4 P b:  1 8. 3 6 1  t o  1 8. 3 8 9; 2 0 7 P b/ 2 0 4 P b:

1 5. 6 1 7 t o 1 5. 6 3 5; 2 0 8 P b/ 2 0 4 P b: 3 8. 3 3 9 t o 3 8. 4 3 2; 2 0 7 P b/ 2 0 6 P b: 0. 8 4 9 1 t o 0. 8 5 1 2; 2 0 8 P b/ 2 0 6 P b: 2. 0 8 6 5 t o 2. 0 8 8 7 ( Fi g. 3 ). T h es e ti g htl y gr o u p e d v al u es c a n b e c o nsi d er e d

as g o o d fi n g er pri nts f or pr o v e n a n c e st u di es, fr o m t h e l e a d or e t o t h e m et al: t h e y i n di c at e t h at t h e pr o v e n a n c e of t h e l e a d of t h e m e di e v al gl a z es d o es n ot c h a n g e f or ei g ht

c e nt uri es ( 9t h t o 1 6t h). O n e s a m pl e fr o m t h e c o ns u m pti o n sit e of Di n a nt ( Di 4 2 5) h as a sli g htl y diff er e nt is ot o pi c c o m p ositi o n wit h l o w er 2 0 7 P b/ 2 0 6 P b ( 0. 8 4 7 7) a n d hi g h er
2 0 6 P b/ 2 0 4 P b  ( 1 8. 4 7 1 1)  b ut  c o m p ar a bl e 2 0 8 P b/ 2 0 6 P b  ( 2. 0 8 6 8).  T his  c o m p ositi o n  is  n e v ert h el ess  n ot  v er y  f ar  fr o m  t h e  r estri ct e d  d o m ai n  of  t h e  ot h er  m e di e v al  gl a z e d

c er a mi cs. A n ot h er s a m pl e fr o m Di n a nt ( Di 0 0 3), wit h si g nifi c a ntl y hi g h er 2 0 7 P b/ 2 0 6 P b a n d 2 0 8 P b/ 2 0 6 P b v al u es pl ots cl e arl y o utsi d e t his d o m ai n. Wit h its str ai g ht t a p eri n g li p

a n d a n o v al h a n dl e wit h a t hr o at, Di 0 0 3 is a pit c h er of v er y at y pi c al t y p ol o g y i n t h e A n d e n n e-t y p e pr o d u cti o n. Its p etr o gr a p hi c a n al ysis h o w e v er s h o w s t h at it is m a d e wit h

a cl a y si mil ar t o t h at us e d f or t h e ot h er p ott eri es l o c at e d i n t h e M os a n ar e a: t his o bj e ct c o ul d h a v e b e e n m a d e wit h a diff er e nt gl a z e r e ci p e a n d pr es u m a bl y als o wit h a

diff er e nt  b at c h  of  l e a d.  T h e  l e a d  fili n g  fr o m  t h e  B assi ni a  f o u nt ai n  is  als o  cl e arl y  disti n ct  is ot o pi c all y:  it  h as  si g nifi c a ntl y  hi g h er 2 0 8 P b/ 2 0 6 P b  ( 2. 0 9 6 9)  a n d 2 0 7 P b/ 2 0 6 P b

( 0. 8 5 3 1) r ati os.

P ast e e l s et al.

( 1 9 8 0)

P ast e el s et al. 

( 1 9 8 0)

P ast e el s et al. 

( 1 9 8 0)

P ast e el s et al. 

( 1 9 8 0)

P ast e el s et al. 

( 1 9 8 0)

P ast e el s et al. 

( 1 9 8 0)

P ast e el s et al. 

( 1 9 8 0)

Wal h or n ( R A B O T H R A T H) O ut cr o p   Pb- Z n or e  E ast  0. 8 4 7 8   2. 0 8 4 0  1 8, 4 0 6  1 5, 6 0 5  3 8, 3 5 9

B- 1 Ta m i s o n ( B E A U R AI N G)  B or e h ol e  Pb- Z n or e  E ast  0. 8 5 3 2   2. 0 9 2 1  1 8, 3 2 3  1 5, 6 3 4  3 8, 3 3 3

Ve dri n ( N A M U R) C oll e c ti o n  Pb- Z n or e  M o s a n 0. 8 4 9 9   2. 0 8 7 2  1 8, 3 5 3  1 5, 5 9 9  3 8, 3 0 6

H ai e M o n et - S e ill es ( A N D E N N E)  H e ap s  P b- Z n or e  M o s a n 0. 8 4 9 9   2. 0 8 7 4  1 8, 3 9 8  1 5, 6 3 6  3 8, 4 0 4

S eill es- Tr a m a k a  ( A N D E N N E)  O ut cr o p  Pb- Z n or e  M o s a n 0. 8 5 0 0   2. 0 8 7 7  1 8, 3 8 6  1 5, 6 2 8  3 8, 3 8 5

E N GI S C oll e c ti o n  Pb- Z n or e  M o s a n 0. 8 5 0 2   2. 0 8 7 5  1 8, 3 6 8  1 5, 6 1 7  3 8, 3 4 4

Ri c h ell e  ( VI S E) O ut cr o p   Pb- Z n or e  M o s a n 0. 8 5 0 2   2. 0 8 1 5  1 8, 3 6 3  1 5, 6 1 3  3 8, 2 2 2

P ast e el s et al. 

( 1 9 8 0)

M A U B A C H- M E C H E R NI C H - 

G er m a n y
C oll e c ti o n  Pb- Z n or e  ( Tri as)  0. 8 4 9 7   2. 0 8 5 6  1 8, 4 4 3  1 5, 6 7 1  3 8, 4 6 4

i I m a g es a r e  o pti mi s ed f or  f a st w eb vi e wi n g. Cli c k o n t h e im a g e t o vi ew t h e ori gi n al v e r si o n.

Fi g. 3



 

ü

Ö

T h e or es st e m fr o m l o c al P b- Z n or e d e p osits of t h e N a m ur P ar a ut o c ht h o n ( u n d er gr o u n d mi n es o p e n e d o n t h e t w o M e us e v all e y si d es, ass o ci at e d t o t h e P b- Z n- F e v ei ns

cr oss c utti n g t h e Di n a nti a n li m est o n es) i n B el gi u m a n d/ or l e a d or e d e p osits i n t h e Di n a nti a n li m est o n es of t h e Ver vi ers S y n cli n e ( p art of t h e Ar d e n n es All o c ht h o n, ar o u n d

8 0 k m e ast w ar d fr o m A n d e n n e) a n d i n t h eir e xt e nsi o n z o n e t o t h e w est u ntil t h e R hi n e i n G er m a n y. T h er e ar e n o si g nifi c a nt g e o c h e mi c al diff er e n c es b et w e e n t h es e mi ni n g

–

–

L e a d i s ot o p e  bi n ar y di agr a ms  f or t h e an a l y s e d M o s a n m edi e v a l l e ad gl a z es a n d t h e  B assi ni a pi p e ( gr e e n s q u ar e). T h e gl a z e d at a ar e pl ott ed a c c or di n g t o t h e ir l o c ati o n [ c er a mi c wor k s h o p s of

H aill ot (f ull gr e y cir cl e), A n d e n n e (f ull bl a c k c ir cl e) an d H u y ( e m pt y bl a c k tri a n gl e); D i n ant (r e d cr o ss) a n d N a m ur (f ull bl u e  cir cl e) ar e co n s u m pti o n sit es; t h e b ass i ni a pi p e i s s y m b oli s e d b y a f ull 

gr e e n s q u ar e].

3. 2  S o u r ci n g of t h e m e di e v al M os a n gl a z es

T h e st u d i e d m e di e val l e a d g l a z es ha v e b e e n s u b d i vi de d i n t w o s u b g r o u ps, t h o s e c o ll e ct e d i n t he w o r ks h o p s a n d t h o s e s a m p l e d o n c o ns um p ti o n sit es. T h eir is ot o pi c 

c o m p o siti o n s ar e c o m p ar e d  t o t h os e o f B el gi a n gal e n as ( T a b l e 3, E ur o pe a n d at a b as es f o r gal e n as a n d g al e n as fr o m G er m a n o r e de p o sits. At t h e r e g i o nal s c al e o f B el gi u m 

a n d West er n G er m a n y, s e v er al s u b g r o u ps of P b de p o sits c a n b e d isti n g uis he d o n t h e b asis o f t heir P b is o t o pi c c om p o siti o n s: f o r B el gi um, t h e B el g i a n Ar de n n es a n d t h e 

m aj o rit y of t he C al esti a n p l a c es; f or G er m a n y, t he B ass e- S a x e, Si e g erl a n d, H u n sr c k, T a u n u s a n d B er g is c h es L a n d- B e r ns b e r g distri cts. T h e P b is ot o pi c d at a of t h e G e r m a n

g al e n as l ar g el y  e xt e n ds t h e d o m ai n  of B el gi a n gal e n as t o w ar d s b o t h hi g her a n d  l ow er is o t o pi c r ati os (F i gs. 4 a n d 5). It is q uit e cl e ar t hat t h e l e a d  of t he m e d i e val p o tt er y

w o r ks h o p s, t h e l e a d fr o m t h e c o n s um p ti o n sit e of N a m ur a n d t he m aj o rit y of m at eri al fr om Di n a n t ar e ver y cl o s e, is o t o pi c all y, t o t he g e o l o gi c al M os a n sit es ( es p e ci all y 

b et w e e n N a m u r a n d E n gis) as w ell as t o s e ver al sit es o f E ast er n B el gi um ( es p e ci all y T h e u x a n d L a C al a mi n e) a n d o f West er n G er m a n y ( N ort her n A a c h e n - St ol ber g 

Distri ct, t h e N o rt hw est Eif el). D e p o sits fr o m stli c h e Eif el a n d t h e m aj o rit y of gal e n as fr o m t h e Bril o n d istri ct ( S a uerl a n d ) c a n n ot defi n iti vel y b e r u l e d o ut as p ossi bl e P b 

s o u r c es.

i I m a g es a r e  o pti mi s ed f or  f a st w eb vi e wi n g. Cli c k o n t h e im a g e t o vi ew t h e ori gi n al v e r si o n.

Fi g. 4

L e a d i s ot o p e r ati o s f or M o s a n m e di e v al l e a d gl a z es ( bl a c k d ot s) . C o mp ari s o n w it h u n diff er e nti at ed l e a d or es  fro m  B el gi u m ( G e ol- B E) an d m a n y G er m a n di stri c t s.

i I m a g es a r e  o pti mi s ed f or  f a st w eb vi e wi n g. Cli c k o n t h e im a g e t o vi ew t h e ori gi n al v e r si o n.

Fi g. 5

L e a d i s ot o p e r ati o s f or M o s a n m e di e v a l l e ad gl a z es ( bl a c k d ot s) a n d (s el e c t ed) l e a d or es fr o m B e l gi u m an d G er m a n y. D a t a wit hi n t h e f oll o wi n g r a n g es ar e s h o wn: 2 0 7 P b/ 2 0 6 P b 0. 8 4 7  0.8 5 9, 
2 0 6 P b/ 2 0 4 P b 1 8. 2 0 0  1 8. 4 8 0.



 

d istri cts be c a u s e t h e y  s har e t h e s a m e mi n er ali z ati o n  pr oc ess,  t he s a m e a g e a n d  t he s a m e h o st r o c k s: t h er e is a g e o l o gi c al c o nti n u um b et w e e n  N a m ur a n d Bl ei ber g.  B y

n arr o wi n g d o w n t h e d at a f u rt her, t h e mi n i n g sit es t hat b e st m a t c h t h e l e a d us e d b y t h e M o s a n c e r ami c w o r ks h o p s ar e t h e mi n es of M ar c h e-l es- D a m es a n d S e ill es, b ut 

s e v er al o t her M o s a n  sit es ( A n de n ell e,  E n gis, Ve dri n) c a n n ot be e x cl u d e d.  Di 4 2 5 a n d Di 0 0 3 gl a z e d c er a mi cs fi n d a g o o d m at c h wit h t he l e a d  e xtr a ct e d fr om t h e Bril o n

d istri ct ( S a uerl a n d ) a n d t o a l ess er e xt e nt wit h t he C al esti a n  B a n d ( Vir oi n val,  P hili p pe v ill e). It t h us a p p e ars t h at l o c al a n d  r e gi o nal p r o xi mit y s o ur c es fit wit h all t he st u d i e d

m e d i e val g l a z es.

3. 3  K D E di a g r a ms

T h e u n i vari at e K D E p l ots a n d t he fr e q u e n c y h ist o gr a ms of t he t h r e e is ot o pi c r ati os 2 0 7 P b /2 0 6 P b,  2 0 8 P b /2 0 6 P b,  a n d 2 0 6 P b /2 0 4 P b a r e dis pl a y e d i n t h e F i g. 6. T h e 

i de n tifi c ati o n of s e ver al m o d es i n e a c h o f t he K D E p l ot ass ess es t he m u lti m o dalit y o f t he d istri b uti o ns. T h e c o m p aris o n b et w e e n t h e K D E p l ots a n d t he p o p u l ati o ns i n t h e 

h ist o gr a ms pr o vi des a first s cr e e n i n g of t he d at a.

i I m a g es a r e  o pti mi s ed f or  f a st w eb vi e wi n g. Cli c k o n t h e im a g e t o vi ew t h e ori gi n al v e r si o n.

Fi g. 6

K D E pl ot s a n d fr e q u e n c y hi st o gr a ms f or 2 0 7 P b/ 2 0 6 P b, 2 0 8 P b/ 2 0 6 P b, a n d 2 0 6 P b/ 2 0 4 P b. G l a z es an d g e ol o gi c a l s a m pl es fro m  B el gi u m an d G er m a n y.

T h e 2 0 7 P b /2 0 6 P b p l ot s h ow s 9 m o d es wit h a c al c u l at e d ba n d wi d t h s et at 0. 0 0 0 4 4. B el ow t h e s e c o n d a n ti- m o de l o c at e d at 0. 8 4 2 6, t h e p o p u l ati o n o nl y c om p ris es ge o l o gi c al 

s a m pl es fr o m L o w er S a x o n y i n G er m a n y a n d o n e g e o l o gi c al s a m pl e fr om t h e Ar d e n n es r e g i o n i n B el gi um. T h e p o p u l ati o n fitti n g wit h t he li mits o f t he p e a k wit h a m o d e at 

0. 8 4 7 7  is m ai nl y c om p ris e d of ge o l o gi c al s a m pl es fr om t h e S a u erl a n d  ar e a i n G er m a ny,  f e w ge o l o gi c al s a m pl es fr om B el g i um a n d  o ne ar c h a e o l o gi c al s a m pl e dis c o ver e d i n

Di n a n t ( Di 4 2 5). T h e li mits of t he 4 t h pe a k s wit h  t he h i g her p r o ba b ilit y de n sit y  c om p ris e d 1 3 2 s a m pl es i ncl u d i n g al m ost all t h e ar c h a e o l o gi c al s a m pl es, 7 5 G er m a n

g e o l o gi c al fr om t h e S a u erl a n d ar e a, t h e Hi g h Eif el, t h e n o rt her n Eif el, a n d t h e n o rt h- w est er n Eif el, a n d 3 3 B el gi a n gal e n as fr o m t h e M e us e Vall e y, t h e C al esti a n b a n d, a n d 

t he E ast er n  B el gi um.  M ost o f t he r e m ai n i n g B el gi a n ge o l o gi c al s a m pl es fr om t h e C al esti a n  ba n d  a n d t he E ast er n  B el gi um ar e c o m p ris e d bet w e e n  t he 4 t h a n d t he 7 t h a nti-

m o d es.  T h e ar c ha e o l o gi c al s a m pl e Di 0 0 3 fr om Di n a n t is als o i ncl u d e d  i n t his r a n ge.  Aft er t he 7 t h a nti- m o de at 0. 8 5 8 4  t he p o p u l ati o n is c om p ris e d of G er m a n ge o l o gi c al

s a m p l es m ai n l y fr om t he B er g is c hes L a n d.

T h e 2 0 8 P b /2 0 6 P b  pl ot is ver y  si mil ar t o t he 2 0 7 P b /2 0 6 P b p l ot: 1 0 m o des ar e i d e n tifi e d i n t he K D E c u r ve wit h a c al c u l at e d ba n d wi d t h s et at 0. 0 0 7 3. T h e distri b uti o n of t h e 

s a m p l es is als o q uit e si mil ar t o t he p r e vi o us o n e wit h  a m ai n m o de at 2. 0 8 7 1  t hat c o m p ris es 1 6 5 s a m pl es. T h e m ai n diff er e nc e is t h e p r es e nc e o f m or e s a m pl es fr om t h e

Eif el r e gi o n i n t his p e a k c o m p ar e d t o t h e m a i n p e a k i n t h e 2 0 7 P b /2 0 6 P b p l ot. T h e ar c h a e ol o gi c al s a m pl e Di 0 0 3 fr o m Di n a nt is als o l o c at e d o utsi d e of t h e m a i n m o d e i n t his

p l ot, wit h a h i g her 2 0 8 P b /2 0 6 P b r ati o.

T h e p l ot f or t he 2 0 6 P b /2 0 4 P b r ati o e x h i bits 8 m o des wit h a c al c u l at e d ba n d wi d t h at 0. 01 1 7. T h e s e c o n d p e a k wit h a m o d e l o c at e d at 1 8. 2 1 2 7 i n cl u d es m ai n l y ge o l o gi c al 

s a m p l es fr om G er m a n y  wit h a vast m aj o rit y of s a m pl es fr om t h e S a u erl a n d  ar e a a n d t he B er g is c hes L a n d.  O nl y t hr e e gal e n as fr o m B el g i um a n d  t he ar c h a e o l o gi c al s a m pl e

Di 0 0 3  fr om Di n a n t ha v e v al u es i n  t his i nt er val.  T h e p o p ul ati o n bet w e e n  t he i n t er vals o f t he 3 r d pe a k  is c om p ris e d of 1 2 G er m a n gal e n as fr o m t h e S a u erl a n d  ar e a a n d t h e

N ort h er n Eif el, a n d 1 3 g al e n as fr o m B el g i um, w h er e t h e s a m p l es fr om t h e Ar d e n n es ar e a ar e c o n c e n tr at e d. T h e 4t h pe a k wit h a m o d e at 1 8. 3 7 8 2 h as t h e h i g hest p r o ba b ilit y 

d e n sit y wit h 1 4 3 s a m p l es bet w e e n t h e a n ti- m o des. It c o m p ris e d 2 4 ar c ha e o l o gi c al s a m pl es a n d 1 2 9 ge o l o gi c al s a m pl es: a m o n g t he m, 8 5 ar e c o mi n g fr o m G er m a n y, m ai n l y 

fr om t h e S a u erl a n d ar e a a n d t h e Eif el ar e as i n G er m a n y ; 1 4 ar e ge o l o gi c al s a m pl es fr om t h e M e us e v all e y i n B el g i um, 1 4 ar e fr o m t h e E ast er n B el g i um a n d 6 fr o m t h e 

B el g i a n C al esti a n ba n d. Aft er t h e 4 t h a nti- m o des, t h e p o p u l ati o n m ai nl y c om p ris es G er m a n gal e n as wit h f o u r s a m pl es fr om t h e C al esti a n b a n d, o n e fr o m E ast er n B el g i u m 

a n d t he ar c h a e o l o gi c al s a m p l e Di 4 2 5 fr om Di n a n t.

T h e K D E a n al y sis s h o w s t h at m o st o f P b is ot o pi c dat a fr o m t h e m e d i e val c er a mi c g l a z es f all i n t he m ai n i n t er val g at h eri n g a l ar g e n u m b er o f gal e n as fr o m G er m a n y a n d 

fr om B el g i um.  Tr a ci n g t he g e o l o gi c al ori gi n of t he l e a d  us e d  f or t he c er a mi c g l a z es s e e ms diffi c ult e ve n  if s om e ar e as li k e t h e L o w er S a x o n y,  t he B er g is c hes L a n d  a n d t h e

Ar d e n n es ar e a c a n  pr o ba b l y be e x cl u d e d  as c a n di dat es. T h e us e o f d e nsit y- b as e d cl ust eri n g m et h o d ( O P TI C S) o n t h e t hr e e is ot o pi c r ati os c a n i m pr o v e t h e r es ol uti o n of t h e

g r o u pi n g. Fi g. 7  s h o w s t he r es ults of t he O P TI C S cl u st eri n g o n a K D E 2 D c o n t o ur pl ot bas e d o n t he d e nsit y o f 2 0 6 P b /2 0 4 P b a n d  2 0 8 P b /2 0 6 P b.

i I m a g es a r e  o pti mi s ed f or  f a st w eb vi e wi n g. Cli c k o n t h e im a g e t o vi ew t h e ori gi n al v e r si o n.

Fi g. 7
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K D E 2 D c o nt o ur pl ot b as e d o n t h e t ot a l d en sit y of t h e  2 0 6 P b/ 2 0 4 P b a n d 2 0 8 P b/ 2 0 6 P b r ati o s f or gl a z es a n d g a l en as fr o m B el gi u m a n d G er m a n y, wit h a b a n d w i dt h s et at 0.0 1 5. T h e r es ult s of t h e 

O P TI C S c l u st eri n g ar e di s pl ay e d b y t h e co n v e x h ull s.

T h e c o nt o ur p l ot s h o w s t he p r es e nc e o f fi ve d isti nct d e n sit y ar e as w h i c h r o u g hl y c orr es p o n d t o t he m ai n p e a ks a n d v all e ys o bs er v e d o n t h e 2 0 6 P b /2 0 4 P b K D E p l ot. M ost 

t he c er a mi c g l a z e d s a m pl es ar e l oc at e d at t h e c e n tr e of t he p l ot i n t he h i g h pr o ba b ilit y de n sit y ar e a. T h e p artiti o n s fr o m t h e O P TI C S cl ust eri n g s h o w t h at t h e c e n tr al ar e a of 

t he p l ot c om p ris es f o ur nest e d  hi er ar c hi c al cl ust ers wit h  cl ust er 4  bei n g  t he n arr o w est o n e,  m ostl y  f oc u s e d  o n t he v er y  de n s e c e n tr al z o ne o f t he p l ot. T his cl ust er i ncl u d es

2 3 o f t h e 2 6 c er ami c g l a z es, 3 5 G e r m a n g al e n as ( 8 t h e n ort h- w est er n Eif el, 9 fr om t h e n ort h er n Eif el, 6 fr om t h e Hi g h Eif el, 1 1 fr om t h e S a u erl a n d ar e a a n d 1 fr om T a u n us)

a n d 1 9 g a l e n as fr om B el g i um ( 3 fr o m t h e C al esti a n b a n d, 7 fr o m t h e E ast er n B el g i um a n d 9 fr o m t h e M e u s e Vall e y ar e a). T his cl u st er r o u g h l y c orr es p o n ds t o t h e 

p o p u l ati o n of t he p ri nci p al p e a k  i de n tifi e d i n t he t h r e e u ni vari at e K D E p l ots, b ut its r e d uc e d  si z e e xcl u d es s e v er al g al e n as fr o m G er m a n y  a n d f e w gal e n as fr o m t h e 

C al esti a n b a n d a n d E ast er n B el g i um. T w o o t her u n s u b d i vi de d cl u st ers r efl e ct t h e t e n d e n c y o b s er v e d o n t h e u n i vari at e K D E p l ots. Cl ust er 5 (l eft si d e o f t he p l ot) is l ar gel y 

m a d e o f ge o l o gi c al s a m pl es fr om t h e S a u erl a n d ar e a wit h t h r e e gal e n as fr o m B el g i um a n d t h e c er a mi c g l a z e Di 0 0 3 fr om Di n a n t. Cl ust er 6 i n cl u d es a v ast m aj o rit y of 

G er m a n g al e n as fr o m t h e B er g is c hes L a n d, t h e S a u erl a n d ar e a a n d t h e S i e gerl a n d, as w ell as 3 B el g i a n gal e n as. O n t h e l o w er ri g h t si de o f t he p l ot, t he g r o u pi n g of 7 

s a m p l es fr om L o w er S a x o n y is n o t i de n tifi e d b y t he O P TI C S cl u st eri n g m et h o d b e c a u s e t h e mi n i m um cl u st er si z e is s et at 2 0 i n d i vi d uals. T h e cl ust er 4 fr o m t h e O P TI C S 

al g o rit hm s h o w s t h at m o st ar c h a e o l o gi c al gl a z e d s a m pl es ar e cl os e t o  m ost o f t he g al e n as fr o m E ast er n  B el gi um a n d  M e us e Vall e y.  If t he s o ur c e o f t he l e a d  of t h e

ar c h a e o l o gi c al c er a mi cs c a n n ot be d et er mi n e d  m or e pr e cis el y, it a p pe ars h o w e v er t h at m a n y  gal e n as fr o m G er m a n y  c o ver a wi d e r a n g e o f is ot o pi c val u es t h at o v erl a p  t h e

B el g i a n gal e n as i n t h e g r o u p 4. T h e m ost p arsi m o n i o us i n t er pr et ati o n of all dat a f a v o u r e d c o ncl u si o n t h at t h e g al e n as c o m e fr o m t h e (l o c al sit es o f) E ast er n B el gi um a n d t h e 

M e u s e Vall e y. O b v i o usl y, it c o u l d c om e fr o m f u rt her afi el d b e c a u s e t h er e is o v erl a p b et w e e n d iff er e nt or es, b ut t he f a ct t h at t h e l o c al s o u r c es is a m at c h m a kes t h is t he m o r e 

li kel y s c e n ari o.

3. 4  Tr a c ki n g t h e l e a d s o u r c e f o r t h e l e a d pi p e of t h e B assi ni a

T h e P b u s e d f o r t he 1 5 t h/ 1 6t h c e nt ur y w at er pi pe is d isti nct fr o m t h at o f t he 9 t h- 16 t hc e n t ur y l e a d- gl a z e d c er a mi cs. T his pe c u li ar P b d oes o b v i o usl y n ot deri v e fr o m t h e l o c al 

v aris c a n  P b- Z n or es. T o ass ess t he s o u r c e of t his l e a d, w e ha v e u s e d  t he d at as ets o f l e a d fr om d iff er e nt E ur o pe a n  c o u ntri es wit h t he f o ll owi n g  s e ar c h crit eri a: 2 0 7 P b /2 0 6 P b

0. 8 5 3 0  0. 8 5 3 2, 2 0 6 P b /2 0 4 P b 1 8. 3 5 4  1 8. 6 5 2 a n d 2 0 8 P b /2 0 6 P b  2. 0 9 6 5 2. 0 9 7 0. T hr e e p ossi b l e m at c hes h a v e b e e n  f o u n d i n t he g al e n a d at a c o m p il ati o n of Bli c h ert- T o ft et

al.  ( 2 0 1 6): t w o mi ni n g sit es i n t he Fr e n c h C v e n n es ( S ai n t- L a ur e nt-l e- Mi ni er a n d Vi al as, G ar d D e part m e n t) a n d o ne i n t h e A ustri a n T y r ol. N ot e t hat t h e S ai n t- L a ur e nt-l e- 

Mi n i er ar e a has b e e n mi n e d si n c e t h e Br o n z e A g e a n d c o n ti n ue d u n til t he b e g i n ni n g of t he 2 0 t h c e nt ur y. A d diti o nal h ist ori c al r es e ar c h m ust b e c o n d u ct e d t o v erif y t h is 

t e nt ati ve s o u r c e i de n tifi c ati o n.

3. 5  C o nti n uit y of l e a d mi ni n g si n c e t h e E a rl y A nti q uit y i n t h e N o rt h w est G a ul

A c o m p aris o n o f t he P b is o t o pi c c om p o siti o n s of l e a d- gl a z e d m e di e val c er a mi cs w as att e m p t e d wit h t hr e e gr o u ps of ar c he o l o gi c al it e ms: 1) a gr o u p of fi ve R o m a n l e a d 

i n g ots, o n e fr om t h e f a m o us R o m a n T o n g r es cit y (ci vit as T u n g r or u m)  a n d f o ur fr om s hi p wr e c ks i n t h e M e d it err a ne a n ) w h os e i ns cri pti o ns p oi nt t o a pr o d u cti o n i n 

G er m a n i a (B o d e et al., 2 0 0 9 ; R a e ps a et et al., 2 0 1 5, 2 0 2 0 ); 2) a gr o u p of 2 9 R om a n  art ef a cts fr om B el g i um,  L u x e m b ur g, N ort her n  Fr a nc e a n d  T h e N et h erl a n ds (R a e ps a et 

et al.,  2 0 1 5, 2 0 2 0) a n d 3) a l ar ge g r o u p ( n = 9 0) of A u g ust a n / Ti beri a n G er m a n i a l e a d art ef a cts fr om R o m a n milit ar y f o rtr ess es a n d c a m ps l o c at e d t o t h e e ast o f t he ri v er 

R h i ne i n G er m a n y (B o d e, 2 0 0 8 ; B o d e et al., 2 0 0 9 ).

Bi n ar y  P b is ot o pi c di a gr a ms (F i g. 8) cl e arl y s h ow t h at t h e R o m a n l e a d i n g o ts fr om G er m a n i a ( gr o u p 1) ha v e t h e s a m e is o t o pi c c om p o siti o n s as t h e M os a n m e d i e val g l a z es. 

T h e cl u st er o f R om a n art ef a cts ( g r o u p 2: R om a n l e a d art ef a cts B E- N L- L U- F R) l ar g el y o v erl a ps wit h t h e i n g o ts a n d t he m e d i e val g l a z es. T h e l e a d fr om R o m a n i n g o ts a n d 

art ef a cts fr o m t h e N o rt her n  G a ul as w ell as t he l e a d  fr om t h e m e d i e val B el g i a n gl a z es pr o ba b l y deri v e fr o m t h e s a m e r e g i o nal m et al s o u r c es w hi c h w o ul d i m pl y a 

c o n ti n uit y i n t he P b s o u r c e si nc e t h e A n ti q uit y t o t he m e d i e val a g e. T his is a str o n g ar g u m e n t i n f a v or of c o nti n u o us o p er ati o n s i n l o c al a n d r e g i o nal mi n i n g distri cts. B y 

c o n tr ast, t he l e a d o b j e cts of t he A u g u st a n / Ti beri a n p eri o d ( g r o u p 3: R hi ne R o m a n art ef a cts) o v erl a p wit h t h e m e d i e val g l a z es b ut dis pl a y a wi der d istri b uti o n. T h e 

c o m p aris o n  of t he P b  is ot o pi c c om p o siti o n s of 2 4 0 R om a n  l e a d o bj e cts fr om s e v er al ar c h a e o l o gi c al sit es i n G er m a n y ( gr o u p 3) wit h t h os e fr o m G er m a n  or e de p o sits (

D u r ali- M uell er et al.,  2 0 0 7) i n di c at es a wi der r a n g e o f de p o sit t y p es mi n e d  d uri n g t he E arl y  R om a n  peri o d  o n b ot h si des o f t he R h i ne ri v er,  i ncl u d i n g t he s a m e d e p o sits as

t h os e u s e d  f or t he m e d i e val g l a z es a n d t he R o m a n  art ef a cts dis c o ver e d  i n N ort her n  G a ul. T h e P b of t he l ar g e m aj o rit y ( > 8 5%) o f t he o b j e cts fr om t h e g r o u p 3 is deri v e d

fr om t h e Eif el o r e de p o sits. T his r a n g e a p p e ars m o r e li mit e d f or t he L at e A n ti q uit y t ha n f o r t he A u g u st a n / Ti beri a n p eri o d, p r o ba b l y be c a u s e t h e d e p osits e ast o f t he R h i n e 

w er e n o l o n ger a c c essi b l e.

i I m a g es a r e  o pti mi s ed f or  f a st w eb vi e wi n g. Cli c k o n t h e im a g e t o vi ew t h e ori gi n al v e r si o n.
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Lead isotope ratios for Mosan medieval lead glazed pottery (workshops and consumption sites, this study) compared to Roman artefacts from Belgium (Raepsaet et al., 2015, 2020) and Germany (
Bode, 2008; Bode et al., 2009). The two groups of glazed ceramics (ceramic workshops and consumption sites) are distinguished.

Sourcing the lead used in the archaeological ceramic glazes analysed in this study would require crossing the Pb isotopic ratios with other geochemical data such as trace 
elements. But geochemical studies will face other problems that are difficult to solve as the addition of colouring agents (Cu, Fe, Mn) or frits by the potter, the migration of 
chemical elements from the paste to the glaze, the lack of detailed analyses from the ores.

4 Conclusions

The Pb isotopic compositions of lead-glazed medieval ceramics from the 9th to the 16th centuries AD, sampled along the Meuse Valley in Belgium, were measured in an 
attempt to identify the geographical/geological origin of the metal and to check whether the Pb source changes over an eight century time span. It is known that some 
mining regions were gaining and/or losing their importance according to the social, political and economic factors in the area. The tightly grouped Pb isotopic compositions 
of the 25 analyzed archeological samples imply that the metal source(s) remain unchanged, without any mixing. The main glazed ceramics found in Mosan medieval 
consumption sites have been produced regionally with raw material (clays and lead) similar of those found in the three studied workshops.

The best match for the metal is probably the local Pb-Zn mines from Andenne and surrounding area, but it is important to note that there are no isotopic differences between 
several mining districts all along the 120 km-long Variscan belt that extends from Central Belgium (Namur area) to Western Germany (Bleiberg district).

Rare ceramics found in the consumption site of Dinant are glazed with lead from other regional mining districts. Due to the scarcity of written sources, historical data 
regarding the beginning of mining activity are widely lacking for the mines opened in the Meuse valley. On the oldest (18th century) Pb-Zn-Fe mine maps, it is only 
mentioned old workings .

The Pb-glazed medieval ceramics display isotopic compositions quite similar to those of Roman objects (Pb ingots labelled Germania  and artefacts found in NW Europe 
in the Early Roman period) It thus appears that the same regional/local ore deposits were mined from the Roman period to the Middle Age. The lead of the 15th/16th (?) 
century Bassinia pipe from Huy has an unexpected clearly distinct isotopic composition which requires an exogenous source.
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