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ABSTRACT: S ix ums excavated at the tophet of Catthage and now in Dutch public collections are described. 
The cremated bones and the charcoal in these urns have been studied in detail. Some other remains in the urns 
tume d out to be la ter, some even subrecent additions. The cremated bones from five of the six ums have been 
dated, using the bio-apatite fractiot1. A short summary of the scope and l imitations of radiocarbon da ting is 
added. 

KEYWORDS:  Carthage, tophet, chronology, physical anthropology, cremations, wood species, identification, 
radiocarbon dating, bio-apati te . 

l .  INTRODUCTION 

Dutch public collections contain a respectable num­
ber of pots, which originate in one single, well-de­
fined archaeological context: the tophet of Cat"thage, 
the p lace where the cremated remains of thousands 
of children had been buried in a ritual way (fig. l ) . 
The present contribution is a preliminary archaeo­
metrical report on the contents of six of these cre­
mation ums. A coherent publication of these pots 
and of their contents is in preparation . 1  The hotly de­
bated question whether the chi ldren buried in the 
tophet were murdered ritually or just died from na­
tural causes, is complicated and extensive. 2 In the 
present context this subject will not be discussed in 
detai l .  

2. ARCHAEOLOGICAL COMMENTS [R.F.D.]  

2 . 1 .  Provenance 

Nineteen vessels and fragments from the tophet of 
Catthage can be found in the collections of the Rijks­
museum van Oudheden in Leiden (RMO) and the 
Allard Pierson Museum in Amsterdam (APM). The 

vases in Leiden were bought on the 20th of Febru­
ary 1 952 from Mr. G.A.H. Bisseling in The Hague3, 
who had acquired them in Cartbage. The vases in 
Amsterdam were once in the collection of Mr. A. W. 
de Groot and Mr. R.  Leuven (Utrecht) and had been 
on loan to the archaeological collection of the Ar­
chaeological I nstitute of the State University of  
Utrecht during the Seventies and Eighties. They were 
donated to the Allard Pierson MlIselul1 in 1 990, af­
ter the closure of the Archaeological Institute in 
Utrecht.4 

Also the pieces in Amsterdam had been acqllired 
in Cat·thage; they are said to have cOtne from the 
'Sanctuary of Tanit in Salammb6', one of the com­
mon names to designate the tophet. It  remains un­
clear, however, in which part of the tophet they were 
discovered. Most of the pieces in Leiden were said 
to have been found in the 'Tempie of Tanit, Car­
thage', thLls sharing the provenance with the vessels 
il) Amsterdam. Excavations in the tophet started in 
1 922 and have contitlUed with intervals t i l l  the 
end of the 1 970s (Lancel, 1 995: pp. 227-248). The 
Leiden and Amsterdam L1ms may have been found 
during one of these excavations. Three of the Leiden 
pieces, two ums and one lid, give some clues as to 
their original position within the tophet (see e .g .  
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Fig. I. Carthage, tophet excavations of Kelsey in 1 925 (after: Khun de Prorok 1926 ' 48) , a. p. . 

below) . In the context of the present contribution, six 
of these 1 9  vessels and their contents are discussed. 

2 .2 .  A jug from Kelsey's excavations 

One of the ums in Leiden, the one-handled jug Cat. 
No. 3 (fig. 5), al lows for a bette r reconstruction of 
an exa�t location within the tophet area. Its entry in 
the Lelden museum's registers gives the 'burial plot 
of Tanit ' as the provenance, again differing from the 
entries of the other vessels .  An original registration 
label found inside indicates that it was found in the 
'Sanc�uary of Tanit ' .  Such labels were used by the 
Amencan mISSIOn tn 1 925, directed by Francis W. 
Kelsey. This excavation was mainly financed by the 
flamboya.nt 'Count' Byron KJ1Un de Prorok (fig. 2),  
an Amencan of Hungarian origin, who had bought 
the p lot of land, where in 1 922 Franc;:ois Icard and 
Paul GieIly started the first regular excavations in the 
tophet.; Although the excavation never reached the 
stage of final publ ication, a very good preliminary 
report appeared aiready in the following year (Kel­
sey, 1 926) and the British archaeologist Donald B .  
Harden published the pottery some years later.6 Ac­
cQl'ding to the Journal with InventolY af Objects 
Foulld, of which B rien Garnand (Chicago) kind ly 

provided us with copies of the relevant pages, I1lltTI­
ber S 1 466 (our Cat.No. 3; fig. 5) was excavated on 
Wednesday Apri l 1 5, 1 925 together with some 73 
urns.7 This date is also indicated twice on the loose 
label fo.und in the um ('april 1 5 '  and' 1 5 ' ) ,  thus 
confirml11g the fact that um and contents do belong 
together. Garnand suggests that the stamped number 
'�7 � on the back of the label probably is the pre­
IIlTIl11ary number given to the urn on that day (they 
assIgned numbers on a daily basis).8 The location 
number written on the label is 3 1 6, which eorre­

�ponds to the loeation of the preeeding and follow­
mg urns (S 1 463, S 1 464, S 1 465, S 1 469, S 1 470, 
S 1 47 1 ) . As Garnand infonns us, location numbers 
would have meaning only as a point on the site plan, 
not as a speelfie 10ClIS or a paJtieular stratum. These 
I1llmbers are referred to in the Journal witll Invel1-
tO/y

, 
af Objects Found, though. The depth ('eleva­

tIOn ) at whieh the preeeding two ums S 1 464 and S 
1 465 were found is 0.75 (meter), presumably ealcu­
lated from the ground level, i.e. the levei on whieh 
the first stelae stood. 

Af ter
' 
the exeavation the 2000-odd ums from the 

Kelsey exeavations (ef. fig. 2) remained in the pri­
vate museum on the site, which was formed by the 
Amencan expedition in 1 925.9 
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Fig. 2. Urns from the Carthaginian tophet, Kelsey excavation 
1 925; B. Khl\l1 de Prorok in the centre (after: Khun de Prorok, 

1 926a: p. 72). 

2 . 3 .  Stratigraphy and chronology o f  the tophet o f  
Calthage 

The conventional tripartite dating scheme of the Car­
thaginian tophet was first adopted by the American 
and British excavators of the Kelsey mission. IO Based 
on three general stratigraphical layers, initial ly called 
Level 1 , 2 and 3 ,  but later Tanit I, Tanit II and Tanit 
III, they developed a chronological framework which 
spans the whole period of Carthage 's  existence. The 
basis for the dating was formed by few imported 
Greek pottery vessels found in the different layers, 
as well as the comparison of the urns from the tophet 
with urns found in import-dated graves elsewhere in 
Carthage. Recent American excavations on the site 
al lowed for a refinement and a further subdivision 
of the conventional stratigraphy and absolute dates 
(Stager, 1 992: p.  73 ; Stager & Greene, in prep. ) .  The 
excavators distinguished nine phases in the stratigra­
phy, but the publication of these in relation with the 
pottery found in them is still in preparation .  There­
fore, the slightly adapted old tripartite scheme is used 
here, provided with the new general absolute dates 
of the recent American excavations: Tanit I (750-600 

BC), Tanit I la  (600-400 BC), Tanit IIb (400-300/ 
250 BC), and Tanit I I I  (300/250- 1 46 BC) .  

2 .4.  Postdepositional processes 

After the burial of an urn in the tophet precinct, more 
Ol' less loosely sealed with a plate, various processes 
affected the preservation of the contents of the Ul11S. 

Apart from the regular deterioration of organic ma­
terials in the Carthaginian soil, it could be shown in 
different i nstances in  the Leiden and Amsterdam 
sample that the only partly fi l led containers had col­
lected water in periods of heavy rainfal l .  The calcar­
eous deposits on the interim' of som e urns indicate 
the waterlevels, which may even be oblique due to 
the urn's position in the ground. 

Also after excavation, the urns and their contents 
had been subject to various sorts of treatment. The 
contents of the Leiden pottery containers had aiready 
been washed and screene d af ter their discovery in 
Catthage, Perhaps because of the earlier screening, 
no 'valuable '  artifacts, such as scarabs Ol' the l ike 
have been recorded in these urns, although such ori­
ginal offerings should not necessarily have been in­
cluded in antiquity, After the cleaning of the contents 
of these Leiden pieces, the urns would have been 
stored away for some time in Cat'tbage, probably in 
a small depository on the site itself. This could ex­
plain how supposedly recent charcoal got included 
in one of the urns (see below). The finding of mod­
em wood scrapings in some of the Leiden urns can 
probably be related to the shipment of the urns at the 
time of acquisition. The fact that upon study even 
some waste paper and matchsticks were found in a 
few of the Leiden urns is caused by the fact that the 
remains lay loose in tbe urns, which stood unsealed 
in the museum ' s  storerooms, The find of a ' Medi­
terranean ' ant in one of the Amsterdam amphorae is 
probably explained by the storage conditions on the 
site in Catthage (see below) .  

2 .5 .  Archaeological comment on the s ix  urns 

The discussion of the six ums containing the crema­
tion remains fol lows more Ol' less in the order of 
c lassification establ i shed in 1 937 by D,B . Hat'den,  
which is still unsurpassed in its morphological, tech­
nological and typochronological details .  Harden stalis 
his classification from morphological distinctive cri­
teria, which can be traced back to differences in 
potting technique. He keenly distinguishes different 
clays and surface treatments. Decoration plays only 
a minor role in his c lassification. The basics of it are 
as follows: he starts from the three major stratigra­
ph icaI groups (Tanit I, II and I II), within which he 
discerns different pottery shapes, referred to as A, 
B, C, etc . The clas ses may have been subdivided in 
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subclasses a and b, mainly on the basis of the shape 
and technical details of the base. A further division 
is made on the basis of rim shape, the way the neck 
is joined to the body, etc . ;  these varieties are ind i­
cated as i, ii, iii, etc. 

Given the fact that the pottery in the tophet served 
very particular ends, the repertoire of shapes is rather 
limited, mainly consisting of amphorae, jugs, 'cook­
ing pots', and every shape that could have served as 
a l id .  A lthough some of the pottery shapes in the 
tophet must have been made especial ly for the ritual 
of burying cremated remains, most shapes are en­
countered both in settlement and funerary contexts. 
Therefore, reference i s  made to other typologies of 
Carthaginian and Phoenician/Punic pottery. In an 
attempt to trace the development of the ovoid and 
carina ted shapes in the Phoenician amphora reper­
toire, some of the ums from the tophet have been 
recently discussed (Docter, 1 997: § VII .2 .l; § VIII .  
2 .3 ) .  Throughout the series of these amphorae and 
'urns' a general shift in decoration can be distin­
guished, which is based on the gradual disappearance 
of the more accomplished of the five different deco­
ration schemes: 

l .  Bichrome Ol' red slip decoration in zones with 
geometri ca l pattems in the reserved handle zone; 

2. B ichrome decoration in zones; 
3. Red slip decoration in zones; 
4 .  Horizontal l ine decoration; 
5. Plain ware (no painted decoration). 

The occurrence of these schemes is chronologically 
distinctive, although a certain overlap is evident. 

2 .5 . 1 .  Bichrome ware amphora af Tanit I 

Leiden, RijksmusellIll van Oudheden, G 195212.7 (fig. 3). 

Dimensions: Height 22.1 cm. Diameter (Illouth) 11.1 cm, (bell y) 

21.6 cm, (base) 7.1 cm. Capacity 3.73 litre. 

Condition: intact; few flakes from handle and body; decoration 
wom off. 

Clay: well-fired, reddish yellow (5 YR 7/6) ; inclusions: rOllnded 

qllartz mff3 (numerous, very fine, <0.2 mm), lil11estone particles 

mgl (few, large, 1.0-1.5 mm). 

Surface: very paie brown (10 YR 8/3), scum; red slip on rim, 

shoulder, zone on belly, metopes in handle zone and horizontal 

lines on handles, weak red (10 R 5/4); black paint, lines border­

ing red slip zones on silOulder and belly. 

Surfaee smoothened. 

Contents not in situ, washed: crel11ated remains of l child, 6-9 

years, I lamb and I unknown allimal (young dromedary?); 1 7  

fragments o f  carbonised wood. 

Bibliography: Doeter, 1997: tab le 62.A, No. 10. 

The amphora can be assigned to a shape, which oc­
curs in the oldest stratum of the tophet, Tanit I, con­
ventionally dated to the second half of the 8th and 
the 7th century Be. With its bichrome decoration and 
additional painting in the reserved handle-zone it is 
typical of Harden's clas s I A .  More specifically, it  
belongs to variety i i i ,  which has a "low, beaded lip, 
no neck, ovoid body" (Harden, 1 937:  pp. 65-67, fig. 
3c, d). Al l  Class lA amphorae stand on low base­
rings with a central knob on the underside. The han­
dles are either round, 'sausage-shaped' Ol' s lightly 
elliptical. an the typological basis of both formal and 
decorative elements, the amphora Cat.No. 6 has re­
cently been attributed to sub-class Catthage 5 A l  
(Doeter, 1 997: table 62.A, No. 1 0) .  

I � 
Fig. 3. Al11phora Tanit I, Leiden RMO G 1952/2.7 (drawing Ch. Briese). 
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2 .5 .2 .  Neck-amphora af Tanit IIa 

Leiden, Rijksmuseum van Oudheden, G 1952/2.2 (fig. 4). 

Dimensions: Height 21. 7 cm. Diameter (mouth) 10.5 cm, (belly) 

16.0 cm, (base) 7.4 cm. 

Condition: intact; surface slightly worn and parti y flaked. 

Clay: well-fired, light red (2.5 YR 6/8) with red co re (2.5 YR 4/ 

8-5/8); inc\usi.ons: rouilded quartz and limestone partic\es mffJ 

(numerous, very fine, <0.2 mm), limestone and black partic\es 

mg l (few, large, 1.0-1.5 mm). 

Surface: very paie brown ( I O  YR 8/3), scum; red slip on rim, red 

( I O  R 5/8); black paint, three lines on bell y and two on neck. 

Lower half of body, below handles, burnished horizontally, matt; 

rim and neck above handles smoothened horizontally, shining. 

Contents not in situ, washed: cremated remains of l new-bom. 

The neck-amphora belongs to Harden's class II D 
("ovoid amphorae with ta11 neck and vertical handles 
joining middle of the neck and shoulder"; Harden, 
1 937: pp . 7 1 ,  74-75, fig. 4r). The bases of tbis type 
are concave with a central knob; the handles are 
cylindrical, ellipticai or 'sausage-shaped' in section. 
Amphorae of thi s class show a characteristic ridge 
(or ' step') halfway up the neck where the handles are 
attached. The Leiden piece ean be attributed to Har­
den 's  first variety of the class (i), wbich apart from 
the "thiekened, overhanging Iip, ta11, vertical neck 
with step ar ridge half-way up" is characterised by 
an "angular junetion of neck and shoulder". 

W ith regard to the dimensions of the Leiden 
piece, something more ean be said. The two pieces 
mentioned by Harden ( 1 937:  p. 75) in the heading 
of c1ass I I  Di are rather large versions, having beights 
of 27.9 and 30 cm respectively. The Leiden amphora 
is with only 20.7 cm relatively sma11 and seems in 
this respect to find better comparisons in the one­
handled jugs of Harden' s  c10sely related class II E .  
In  her recent c1assification of Carthaginian pottery, 
M .  Vegas does not mention this shape, probably 
because of its apparent absence in settlement con­
texts. In the light of their c10se relationship, it is not 
unlikely that at least part of the fragmentat·y mate­
rial, which Vegas listed as belonging to the one­
handled shape 24 . 1  (Vegas, 1 999 :  pp. 1 59-1 6 1 ,  fig. 
56), actua11y belongs to two-handled versions. 

I n  the tophet, the majority of the class belongs 
to the firs t part of the Tanit II stratum (Ila; Harden 
1 937: p. 87), which is conventiona11y dated between 
600 and 400 Be. 

2 .5.3 . One-handled jug af Tanit Ila 

Leiden, Rijksmuseum van Oudheden, G 1952/2.6; on base in 

black ink S 1466; on loose label "Sanchmry of Tanit. Date april 

15. Location 3 16, 15; Serial N°"; on the back of label "27" (fig. 

5). 

Dimensions: Height 19.6 cm. Diameter (ovoid mouth) 9 .4- 10 .14 

cm, (belly) 15.5 cm, (base) 7.7 cm. 

Condition: intact; two large chips from wall, where large lime­

stone particles have expanded. 

Fig. 4. Neck-amphora Tanit Ila, Leiden RMO G 1952/2.2 (draw­

ing Ch. Briese). 

Fig. 5. One-handled jllg Tanit Ila, Leiden RMO G 1952/2.6 (draw­

ing Ch. Briese/M.A. Los). 

Clay: well-fired, light red (2.5 YR 6/8); inclllsions: rOllnded qllartz 

mffJ (nllmerolls, ve ry fine, <0.2 mm), limestone partic\es mggl 

(few, very large> 1.5 mm, two even 9 mm). 

Surface: white ( I O  YR 8/2) - very paie brown ( I O  YR 8/3), 

sCllm; decoration: matt reddish gray paint (5 Y R  5/2); red slip 

on rim, red (2.5 YR 5/6), bllrnished horizontally. 

Surface smoothened. 

Bibliography: Ch. Briese, in: Gehrig & Niemeyer, 1990: p. 205, 

cat. 179. 

Contents not in sihl, washed: cremated remains of l new-bom 

and I lamb. 
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The jug belongs to Harden 's  class I I  E :  "one-handled, 
ovoid jugs with vertical ,  stepped necks" (Hm'den, 
1 937 :  pp. 7 1 ,  75-76, fig. 4s-u, esp. fig. 4s). These 
jugs develop from the 'neck-ridge jugs' of the Le­
vant. Their bases are concave with a central knob on 
the underside; the handles may be either cylindrical 
Ol' e l l iptical  in section. In the classification of P .  
Cintas this jug is l isted as  shape 93 (Cintas, 1 950 :  
p .  95, p I .  7,93) .  I n  the recent classification of Car­
thagin ian pottelY by M. Vegas the shape occurs as 
number 24, 1  (Vegas, 1 999 :  pp . 1 59- 1 6 1 ,  esp. fig .  
56,7-8) . Fragments of the shape occur regularly in 
settlement contexts from the 7th centlny BC onwards. 
Two excellent para l lels discussed by M. Vegas were 
found in a pottery production area and are dated 
within the 6th and 5th centuries BC (Vegas, 1 999 :  
p.  1 60, fig. 56,  7-8) .  

In  the tophet, jugs of this variety are only found 
in the first part of the Tanit I I  stratum (Ila; Hm'den, 
1 937 :  p. 87), which is conventionally dated between 
600 and 400 Be. 

2 . 5 .4 .  PIa in ware amphara af Tanit II 

Amsterdam, AJlard Pierson Museum, 12.499/1 (fig. 6). 

Dimensions: Height 20.0 cm. Diameter (mouth) 9.4 cm, (beJly) 

15.7 cm, (base) 7.6 cm. 

Condition: almost complete, part of rim and sIlOulder missing; 6 

smaJl fragments of rim broken and mended. 

Clay: weJl-fired, reddish yeJlow (5 YR 6/6); inclusions: rounded 

quartz mrfJ (numerous, ve ry fine, <0.2 mm). 

Surface: pIa in, reddish yeJlow (5 YR 6/6) - pink (7.5 YR 7/4), 

scum; traces of red slip on base, red ( I O  R 5/6); calcareous in­

crustations on lower half of body (post-depositional). 

Contents in situ: cremated remains of 3 new-boms and I lamb; 

I base sherd of plain ware plate, originaJly used as lid (?), I smaJl 

waJl sherd of local closed vessel, 13 smaJl limestone fragments. 

At first sight, the amphora belongs to Hm'dens' c lass 
II C :  "Iow-bel l ied, usua lly piriform, amphorae with 
pia in lip and angular Ol' convex shoulder; vertical 
handles on shoulder" (Harden, 1 937 :  pp. 71-73,  fig. 
4e-h). The class is divided in foUl' subclasses on 
account of the shape of the base. The Amsterdam 
p iece belongs to subclass a, which is characterised 
by a "concave base with cenh'al knob on under side". 
It would have belonged to the third variety ( i i i), 
which has a "beaded Iip, plain, angular shoulders". 
Remarkably, the knob in the Amsterdam amphora is 
virtuaIly absent; mOl'eover, there is a tendency to­
wards a flat base. There are more anomal ies in the 
Amsterdam amphora. Although the largest diameter 
l ies at a rather low point, and would thus al low an 
attribution to class II C, the heavy curve below the 
shoulder carination rather points in the direction of 
examples of c lass n F (see below). Perhaps i t  repre­
sents an intermediate stage in the development of 
such plain ware amphorae. 

Harden (1937 :  p. 73) remarked that some ex-

-

Fig. 6. Amphora Tanit II, Amsterdam APM 12.499/1 (drawing 

Ch. Briese / M.A. Los). 

amples of class n Ca had been decorated with red 
horizontal bands Ol' purplish-black horizontal l ines. 
Although the Amsterdam amphora i s  a plain ware 
version of the class, traces of red slip below the base 
may be an indication of the fact that it was made and 
fired at the same time and probably in the same kiln 
as painted vessels, perhaps even painted versions of 
the I I  Ca class. 

Amphorae of class n Ca normally belong to the 
first part of the Tanit n stratum (na; Harden, 1 937 :  
pp .  72,  87) ,  which i s  dated between 600 and 400 Be. 
S ince the Amsterdam amphora shows a tendency 
towards examples of class II F, which predominantly 
occur in the second part (400-300/250 Be), a date 
in the first half of the 4th century BC is l ikewise 
possible. 

2 . 5 . 5 .  Plain ware amphara af Tanit IIb 

Amsterdam, AJlard Pierson Museum, 12.500 (fig. 7). 

Dimensions: Height 17.0 cm. Diameter (mouth) 8.2 cm, (beJly) 
13 .6 cm, (base) 6.4 cm. 

Condition: almost intact, one handle missing, smaJl hole in waJl. 

Clay: weJl-fired, light red (2.5 YR 6/6); inclusions: rounded quartz 
mff3 (numerous, very fine, <0.2 mm), limestone particles and 

vacuoli mrf2 (many, very fine, <0.2 mm). 

Surface: plain, light red (2.5 YR 6/6); calcareous incnlstations 

on lower body, diagonal line indicating position of urn after depo­
sition. 

Flat base, string cut; surface smoothened; four shaJlow incised 

lines at the height of the lower handle attachmenl. 

Contents in situ: cremated remains of 2 new-boms and I lam b?; 

2 smaJl waJl
' 
sherds of local closed vessels, worn; 4 small lime­

stone fragments; 4 fragments of carbonised wood; sand. 

The second plain ware amphora in Amsterdam cer­
tainly belongs to Harden 's  c lass II C, albeit to sub-
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Fig. 7. Amphora Tanit !Ib, Amsterdam APM 12.500 (drawing Ch. 

Briese/M.A. Los). 

class b, which is characterised by a flat base (Harden, 
1 937 :  pp. 7 1 , 73-74, fig. 4i-j, esp. fig. 4j) . Handles 
are either flattened el l ipticai or ' sausage-shaped' in 
section. The clay i s  usually fired buff or brown, but 
occasional ly pink or red tones occur. All examples 
of the class are undecorated (pIa in ware). 

Such amphorae are found in levels  belonging to 
the second part of the Tanit II stratum (Ilb; Harden, 
1 937 :  p. 87), dated between 400 and 300/250 BC.  

2 . 5 . 6 . P/ain ware amphora of Tanit III 

Leiden, Rijksmuseum van Oudheden, G 1952/2.12a (fig. 8). 

Dimensions: Height 17.1 cm. Diameter (mouth) 5.8 cm, (belly) 

1 l .0 cm, (base) 6.7 cm. 

Condition: intact; slight surface damage below handle. 

Clay: well-fired, white (2.5 Y 8/2); inclusions: rounded quartz 

mmf2 (many, medium sized 0.2-0.5 mm). 

Surface: plain, white (2.5 Y 8/2) scum, in patches dal·ker, light 

brownish gray (2.5 Y 6/2). 

Base string cut; irregular clay lumps on base. 

Contents not in situ, washed: cremated remains of 2 new-boms 

and Ilamb. 

The amphora can be attributed to a Tanit III class: 
Harden ' s  class III C "oval amphorae with vertical 
handles", variety i i  "flat, beaded lip, angular shoul­
der, oval body, flat base, handles flattened-ell iptical 
in section" (Harden, 1 937 :  pp. 80-82, fig. 6[-h, esp. 
fig.  6g) . "These vases have their  greatest diameter 
at or near the middle and the shape is closely paral­
lel to c lass F of Tamt II. The type is the predomi­
nant one in Tanit I II, hundreds of examples having 
been found" (Harden, 1 937 :  p. 8 1 ) .  The amphora is 
not very carefully made and finished. Tophet stra­
tum Tanit I I I  is conventionally dated between 300/ 
250 and 1 46 BC. 

Fig. 8. Amphora Tanit 111, Leiden RMO G 1952/2.12a (drawing 

Ch. Briese/M.A. Los). 

3. THE STUDY OF THE CREMATED REMAINS 
[E .S . ]  

The contents of s ix urns from the tophet in Cat·thage, 
consisting of cremated remains, were studied.11 The 
object of the physical anthropological study is to 
assess who have been buried here. In the light of the 
archaeological and historicai context and the theo­
ries on child sacrifice in this period, the research 
questions are as follows.12 Do the urns contain hu­
man or animal bones or both? What is the age of the 
individuals? Is there one or are there more than one 
individual present per um? What could have been the 
cause of death? 

3 . 1 .  Material and methods 

Because of the process of cremation, the collection 
of the burnt bones, and the deposition in an um, the 
bones are fragmented and incomplete. The weight, 
fragmentation and the inventory of the bones present 
are an indication for the completeness and tims of­
fer the possibilities for the physical anthropological 
study. The colour of the bones gives an indication 
for the burning temperature (Wahl, 1 982) .  The cre­
mated bones are described according to the fol Iow­
ing skeletal palis : the neurocranium (part of the skull 
where the brains are s ituated), the v iscerocranium 
(facial  part of the skul i), the axial skeleton (ribs, 
vertebrae, pelvis etc .), and the extremities (arms, 
hands, legs, feet) . The weight, fragmentation and 
colour of the bones have been recorded per skeletal 
part (see below). Indications for the minimum num­
ber of individuals are the presence of more than one 
specific bone and/or age differences represel1ted by 
the bone material .  The age at death is assessed by 
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Table I. ReslIits of the physical anthropological study. 

Urn 

APM 12.499/1 

APM 12.500 

RMO G 195212.2 

RMO G 195212.6 

RMO G 1952/2.7 

RMO G 195212.12 

Weight (g) 

47 

62 

47 

56 

123 

88 

No. of individuals 

3 

2 

I 
2 

the dentition (Ubelaker, 1 984) and the development 
of the skeleton (Krogman & IS9an, 1 986). The con­
tents of the two urns in Amsterdam were excavated 
!ayer by layer in order to establish whether there was 
a specific deposition sequence. 

3 .2 .  Results 

The six urns contained the remains of ten individu­
als in total (table I ) .  In spite of the incompleteness, 
as can be seen by the low weight of the cremated 
remains, it has been possibie to assess the age of al l  
the individuals. Only children were buried here, eight 
of which were new-boms and one a chiId of older 
age (individual 8) .  Two urns contained several indi­
v iduals .  Obviously they were cremated together, as 
their remains were assembled and buried in the same 
vessel .  Whether these children were siblings remains 
uncertain, but it is difficult to imagine twins or even 
triplets being cremated. Five of the six urns contained 
animal bones as well, belonging almost exclusively 
to new-bom lambs. No other burial gifts were pre­
sent. The contents of the urns APM 1 2 .499/ 1 an 
1 2.500 were studied layer by layer but revealed no 
sequence of deposition. The colour of the bones va­
ries from brown, blac!<, blue greyish to white. This 
means that the burning degree is rather variable, 
O-c. 800°C. 

3.3. Discussion 

All the urns contained cremated remains, which be­
longed to children. These children, except one, were 
new-boms. It has not been possibie to detect the 
cause of death. Whether it was a natural one or a 
child-sacrifice cannot be determined from the bones. 

In North-West European cemeteries with crema­
tion graves, which are contemporaty or of a later date 
(Iron Age and Roman times, e .g.  Valkenburg, Spijke­
nisse), the graves of new-boms are missing because 
they were not cremated but buried and therefore have 
often not preserved. The prevail ing explanation is 

Age at death 

[nd.1 = new-bom 

lnd.2 = new-bom 

Ind.3 = new-bom 

J nd.4 = new-bom 

jnd.5 = new-bom 

Ind.6 = new-bom 

Ind.7 = new-bom 

Jnd.8 = 6-9 years 

Ind.9 = new-bom 

Ind. I O =new-born 

Animal bone 

lamb 

lamb? 

lamb 

lamb + unknown 

lamb 

that stil l  boms bad not yet achieved a status i n  so­
c iety and were, thus, buried i nstead of cremated; 
burial being less energy consuming than cremation. 
A cremation ritual consists of a series of actions: the 
col lection of wood, the building of a funeral pyre, 
the cremation itsel f, the collection of the cremated 
remains and the burial of the remains in a vessel .  The 
children of C31thage had been cremated, which would 
have been an exception in the case of natura l deaths. 
The presence of the new-bom lambs indicates that 
a l l  these children died at approximately the same time 
of the year, that is to say during the same season, 
early in the New Year. If these children had died a 
natural death, surely this would not have occurred 
only in the beginning of the new-year, but all year 
round.  

As for the cause of death there is only circum­
stantial evidence, consisting of the archaeological and 
historicai context and the seasonality that is evident 
from the animal bones in the graves. EspeciaIly the 
seasonality of the burials is more indicative of child 
sacrifice than natural death. 

3.3.1. The cremafed remains in um APM 12.499/1 
(fig. 6, table 2) 

Age at death: The remains represent three individu­
als because there are three specific bones present (the 
right Pars Petrosa). It is not possibie to separate al l  
the bones according to a specific individual as al l  
three individuals are the same age. According to the 
teeth and the robustness all tlu'ee individuals are new­
boms. 

3.3.2. The cremafed remains in um APM 12.500 
(fig. 7, table 3)  

There are two individuals present (skuli-base). I t  is 
not possibie to separate al l  the bones according to a 
specific i ndividual as both individuals are the same 
age . According to the teeth and the robustness both 
individuals are new-boms. 
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Table 2. Description of the cremated remains of APM 12.499/ I. 

Skeletal part Weight Fragmentation(cm) Burningdegree Parts of bones present 

Neurocranium 19 1-4 0-4 os pari eta le, sphenoid, 3 x right pars petrosa, L-pars 

petrosa 

Viscerocranium 3 1-3 3-4 mandibula, mixilla, teeth, orbita, 

Axial skeleton '6 1-2 3-4 vertebrae, costae, scapula 

Extremities 16 1-6 2-3-4 femur, tibia, fibula, ulna, phalanges, metacal'Pals 

Residue 3 <I  
Animal bone 3 I 3-4 lamb 

Table 3. Description of the cremated remains of APM 12.500. 

Skeletal part Weight Fragmentation (cm) Burningdegree Parts of bones present 

Neurocranium 18 

Viscerocranium 3 

Axial skeleton 22 

Extremities 9 

arpals, metatarsals 

Residue IO 
Animal bone 

1-4 

1-2 

1-3 

1-3 

<I  
I 

3-4 

3-4 

3-4 

3-4 

4 

3 . 3 . 3 .  The cremated remains in urn RMO G 19521 
2.2 (f ig. 4, table 4) 

Age at death : According to the dentition, this indi­
v idual is new-bom. 

3.3.4. The cremated remains in urn RMO G 19521 
2.6 (fig. 5, table 5)  

Age at death: According to the dentition, this indi­
vidual is new-bom. 

3 . 3 . 5 .  The crell1ated rell1ains in urn RMO G 19521 
2.7 (fig. 3, table 6) 

Age at death: According to the dentition and the 
development of the post cranial skeleton, this indi­
vidual is c. 6-9 years old. This relatively high age 
is quite exceptional within the tophet of Carthage. 

3 .3 .6 .  The crelllated relllains in 11m RMO G 19521 
2.120 (fig. 8, table 7) 

Age at death: There are two individuals present (2x 
left and 2x right pars petrosa) .  I t  is not possibie 
to separate all  the bones according to a specific in­
dividua l  as both individuals are of the same age . 
According to the teeth and the robustness both in­
dividuals are new-boms. 

sphenoid, L-pars petrosa, L-incusparietale, frontale 

teeth (I I x) 

vertebrae, costae, scapula (2x) , clavicula 

femur, tibia, humerus, radius, ulna, phalanges, metac-

lamb? 

4. AN ANT IN URN APM 1 2 .499/ 1 [T.H . ]  

In the amphora (APM 1 2.4991 1 ; fig. 6) an insect head 
was found. By comparison with specimens in the 
collection of the Zoological Museum Amsterdam and 
using the key of Bernard ( 1 968), it could be identi­
fied as a Call1ponotus species, subgenus Tanaelll)'r­
mex. Although the natural microsculpture gives the 
head a charcoal-Iike impression, it was uncharred and 
even some of the hairs were sti l l  in p lace. 

Tanaem)'rll/ex species mostly make their nests in 
the ground and live i n  many of the outdoor environ­
ments of Northem Africa. Many ants carry the re­
mains of dea d workers (ants) at some distance outside 
the nest, after having used the body fluids for feed­
ing the inhabitants of the nest. It  is, therefore, not 
unlikely that the remains of the ant were deposited 
into the um by the other ants of the nest. Given tlle 
uncharred state of the head this probably happened 
af ter the deposition of the human and falmal remains 
into the urn, possibly in the period of excavation, or 
even during storage of the urn on the excavation 
premlses. 

5. CHARCOAL REMAINS FROM THE URNS 
[l.L .M .S .] 

Two urns in the sample contained carbonised wood 
fragments, which were large enough to be deter­
mined, one from Leiden (G 1 952/2 .7 ;  fig. 3)  and one 
from Amsterdam (APM 1 2 .500;  fig. 7). The wood 
remains once formed part of the funerary pyre. The 
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Table 4. Description of the cremated remains of RMO G 1952/2.2. 

Skeletal part Weight Fragl1lentation (cm) Burning degree Parts of bones present 

Neurocranium 

Viseeroerani um 

Axial skeleton 

Extremities 

Residue 

Animal bone 

15 

3 

I l 

IO  
8 

1-3 3-4 

1-2 4 

1-3 3-4 

l-S 3-4 

<l 

Table 5. Description of the cremated remains of RMO G 1952/2.6. 

sphenoid, L+R pars petrosa, parietale, temporale 

orbita, teeth, os zygomaticum 

vertebrae, costae, scapula, clavicula, i1ium 

femur, tibia, hUl1lerus, ulna, phalanges, metaearpals 

Skeletal part Weight Fragmentation (cm) Burning degree Parts of bones present 

Neurocranium 10 1-3 1-4 L+R pars petrosa 

Viscerocranium 2 1-2 1-4 teeth, os zygomaticum 

Axial skele ton 6 1-2 1-4 vertebrae, costae, scapula, ilium 

Extremities 8 1-2 1-4 fem ur, tibia, fibula, radius, phalanges 

Residue 30 <l 
Animal bone 3 2 3-4 lamb 

Table 6. Description of the cremated remains of RIvIO G 1952/2.7. 

Skeletal part Weight Fragmentation (cm) Burning degree Parts of bones present 

Neurocranium 97 l-S 1-4 sphenoid, R-pars petrosa, parietale, temporale, 

frontale, occipitale 

Viscerocranium 14 1-4 3-4 mandibu1a, teeth 

Axial skeleton 40 1-4 1-4 vertebrae, costae, scapula, ilium, ischium, clavicula 

Extremities 72 1-6 2-4 femur, tibia, fibula, humerus, ulna, radius, pha1anges, 

metaearpals, metatarsals 

Residue 100 <I 2-4 

Animal bone 5 3 3-4 1amb (sheep/goat)+unknown 

Table 7. Description of the cremated remains of RMO G 1952/2.12a. 

Skeletal part Weight Fragmentation (cm) Burning degree Parts of bones present 

Neurocranium 19 1-3 3-4 

Viscerocranilllll 5 1-2 3-4 

Axia1 skeleton 16 1- 2 3-4 

Extremities 14 1-3 3-4 

Residue 3-4 <I 
Animal bone 8 2 3-4 

study of these remains was a logi cal sequel to a more 
profound study done in the Eighties on the carbonised 
wood remains from tophet Ul11S of the recent Ameri­
can excavations (Stuijts, 1 990) . The present resuIts 
match the earlier ones and seem to confirm the gen­
eral picture, which is summarised here for the sake 
of convenience. 

2x L- + 2x R-pat·s petrosa, temporale, sphenoid 

orbita, teeth, mandibu1a 

vertebrae, costae, scapula, ischium 

femur, tibia, fibula, humerus, ulna, radius, phalanges, 

metaearpals, metatarsals 

lamb 

In the American tophet samples only a few wood 
species were used on a regular basis. EspeciaIly Olea, 
Pistacia (cf. Pistacia lentiscus), Prunus subspecies 
and Qllercus were important. A c lear shift in the 
choice of wood can be observed over the three gen­
eral periods of tophet use. Until the 6th cenull)' BC, 
Pistacia was predominant in the tophet Ul11S, later on, 
Olea superseded it. As people prefelTed drawing fuel 
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(budding wood) from as neal' as possible, these two 
suppliers of fuel  must have grown in the vicinity. 
Species like Cotil1l/s, Cytisl/s and LigustrulI1, which 
together with Pistacia were among the native maquis 
vegetation, oCClllTed in the first period exclusively. 
This would mean that, by the 6th century BC, part 
of the native vegetation had been replaced by olive 
yards. 

. 

Besides Olea, in the 4th century BC, QuerclIs was 
an impOliant fuel supplier. AIso Ulmus and Ced/'lls 
charcoal appeal' in the period. These three kinds of 
wood, which were not among the native vegetation, 
make good combustibles. In the 4th century BC,  
building the neat'by harbours, which were to  be  emi­
nently important to Catihage, was taken up. This to ok 
a lot of probably imported wood, the waste of which 
may have been used as fuel. 

There are indications that in the 4th century BC, 
there was a progression of cultivated plants. Tims, 
much Prunus charcoal with thick medullar rays, tu­
berously coalesced Prul1us parts and pruning traces 
(knobs) were found. All this points to the cultivation 
of such Prul1us subspecies as almond, peach, apri­
cot and p lum. 

5 . 1 .  Charcoal remains from urn RMO G 1 952/2 .7 
(fig.  3 ,  table 8) 

Ceratonia belongs to the Leguminosae, Caesalpinia­
ceae. Lacking sufficient comparisons, determination 
catmot be executed with absolute certainty. Altema­
tively, other species within the Caesalpiniaceae could 
be suggested. A more I ikely explanation for the oc­
currence of Ceratonia would be that we are dealing 
here with a modem inh'ltsion, a suggestion that seems 
to be strengthened by other anomalies in the contents. 
The radiocarbon dating of charcoal from this um 
produced the rather young result of 5 1  0±30 BP (GrN-
24806), which can almost certainly be ascribed to the 
fact that Ceratonia fragments were included in the 
sample. About 20% of the charcoal originates from 
olive wood. Assuming that this olive charcoal is 
indeed contemporary with the um and the cremated 
bones, i .e .  c .  2450 BP, the 14C age of the Ceratonia 
charcoal must have been les s than 1 00 BP. 

5 .2 .  Charcoal remains from um APM 1 2.500 (fig. 
7, table 9) 

The Prunlls is hard to identify, because the material 
is disintegrating. This is due to the fact that it  has 
been bum t at high temperature, obstl'llcting the pos­
sibil ity of cross-section and tangential observations. 
Nevertheless, the determination is rather secure, be­
cause large experience has been acquired on Prunlls 
in other Carthaginian samples (Stuijts, 1 990). Radio­
carbon dates provided of a sample from the um fal l  

Table 8. Wood remains from RMO G 1 95212.7. 

Species Occurrence Volume Remarks 

Olea 3 x  4 ml grown rank 
cf. Cem/ol/io siliqlla 10x 16 ml 

Table 9. Wood remains from APM 12.500. 

Species Occllrrence Vollune Remarks 

Olea I x I ml 

QlIerclIs I x  2 ml fresh wood 

Prlll/lIS 
avillllllpadllslcel'aslls I x  I ml contains reddish 

brown crystals in 

channels and wood 

Residlle I ml 

within the so-called Hallstatt plateau (see below), but 
considering the curves, a general date around 400 BC 
would not be  impossible. Also the composition of the 
wood used as combustibie is typical for the period 
(see ab ove, on the American tophet sample). 

6 .  RADIOCARBON DATES OF THE 
CREMATED BONE AND WOOD REMAINS 
[J .v .d .P. ]  

6. 1 .  The radiocarbon method 

Three isotopes ( i .e .  species of the same chemical 
element but with different mass) of carbon occur in 
nature: The stable isotopes 1 2C and 13C, and the ra­
dioactive isotope 14C (Ol' radiocarbon) .  The abun­
dance for these isotopes is 98 .9%, 1 . 1 %  and 1 0, 10% 
respectively. Radiocarbon is produced in the upper 
atmosphere by means of cosmic radiation: energetic 
particles from the cosmos producing neutrons which 
can produce a nuclear reaction with ni trogen, the 
main constituent of the atmosphere: 14N + n ::::} 14C 
+ p. These radiocarbon atoms enter the global car­
bon cycle in the form of atmospheric 14C02, which 
in tum ente l'S the biosphere through assimilation and 
the world oceans through exchange processes. The 
radioactive carbon isotope 14C decays with a half-life 
of 5730 years. A stationary state of production, dis­
tribution and decay results in a more Ol' less constant 
14C concentration (about 1 0- 1°%) in atmospheric CO2 . 
For l iving organisms, the carbon exchange with the 
environment ceases after death, whereupon only the 
decay of 14C occurs. Thus the age (more precisely: 
the moment of death) can be determined by measUl'­
ing the 14C left in the sample, as is illustrated in fig­
ure 9. 

The radioactive decay of 14C follows an exponen­
tial law: A (t) = A (=O)exp(-At). Here AU) and A (t=O) 
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t < O : A = Ao 

t > O : A = Ao • exp(- A. t) 

� 
0 . 8  

:: 
0 . 6  'S; 

:;:; 
o 

Ao ' 
t = T 1/2 

<t 
0 . 4  

0 . 2  

O 

O 2 4 6 8 1 O 

t ime (t) 

Fig. 9. Relative 14C concentration in an organic sample as a function of time; before death of the organism this is constant, after death 

the 14C concentration decreases due to radioactive decay. 

are the measured and original (at time t = O) radio­
activity, t is the time elapsed since t = O, and the so­
cal led decay constant A, is related to the half- l ife 
t1/2 : A, = l n 2/t l/2 . 

The amount of radiocarbon can be measured by 
two different methods: the 14C radioactivity is mea­
sured by means of proportional gas counters (the so­
cal led conventional method); the 14C concentration 
is measured by Accelerator Mass Spectrometry (the 
AMS method) . For both methods, the amount of 
radiocarbon in samples AU) is measured relative to 
a standard, which is chosen to be the 14C radioactiv­
ity in the year AD 1 950 [A(t=O)], which is sti l l  called 
'Present' .  The radiocarbon ages (t) are repOlted in 
BP, which means Before Present (Mook & Streur­
man, 1 983) .  

Unfortunately, the amount of measured 14C years 
in BP cannot simply be subtracted from 1 950 in order 
to obtain historicai ages, because of the folIowing 
complications :  

- The half-life o f  14C i s  not accurately known. In 
the early years of radiocarbon dating, a half-life 
of 5568 years was used (Libby, 1 965). Later, the 
half-life was determined as 5730±40 years (God­
win, 1 962); 

- The atmospheric 14C activity is not a constant, 
and depends on factors such as the exchange 
between the major carbon reservoirs (oceans, 
biosphere and atmosphere), and the geomagnetic 
field strength and solar activity which both 
modltlate the production of 14c. These factors 
vary considerably through time; 

- The 14C concentration in a sample can be chang­
ed because of ' i sotopic fractionation' ,  which is 

caused by mass dependent processes in chemi­
cal and phase transitions. For instance, during 
photosynthesis, 1 2C02 is taken up preferentially 
to 13C02 and 14C02 because of the mass differ­
ences between these molecules. This means that 
plants have a slightly different 14C concentra­
tion than the atmosphere they grow in. Obvi­
ously, this intluences a proper age determina­
tion. Fortunately the same is true for the iso­
tope 13C, which is stable so that the 1 3C con­
centration, once fixed, does not change in time. 
This offers the possibility of making a frac­
tionation correction. If  13C/12C is corrected into 
a certain agreed value, the 14C activity can be 
corrected proportionally. The isotopic abun­
dance of 13C is quoted in terms of 1 38, defined 
as the 1 3C/12C ratio relative to that of standard 
material; 

- Because of these complications, the radiocarbon 
time scale is non-linear and is related to the 
historicai time scale in a complicated way. The 
radiocarbon time scale is in fact defined by 
internationally agreed convention as follows 
(Mook & Waterbolk, 1 985) :  
I)  Radiocarbon ages are repOl·ted in BP; 
2) They are calculated using the Libby half-life 
of 5568 years; 
3) They are calculated relative to 95% activity of 
the standard value (oxalic acid) which cor­
responds to AD 1 950; 
4) They include a fraction correction to 1 38 = 

-25%0. 

The original 'wrong' half-life is chosen in order to 
prevent dates based on different half-lives being pub-
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lished. Tims, modem measurements and those pub­
l ished in the 1 950s have the same meaning, which 
eases intercalibration, and 14C measurements wi l l  
have the same meaning regardless of laboratory and 
technique. Furthermore, the decay of 14C since 1 950 
(0 . 1 % per 8 years) for both standards and samples 
are automatic?lly tak-en into account. The fractiona­
tion correction to 138 = -25%0 is chosen because this 
is the average value for samples such as wood, peat 
and charcoal .  The age correction is 1 6  years for evelY 
l %0 deviation from -25%0 . 13 

The 14C clock is ticking differently from 'nonnal '  
physical c!ocks. The 14C time scale is defined in BP 
by convention, as described above. Choices such as 
the wrong half-l ife value are not as important as it 
seems because of calibration, i .e .  establish a relation­
ship between the BP time scale and the histOlical time 
scale. 

6.2. Calibration 

In the earl y days of radiocarbon dating it was dis­
covered that the 14C content of the atmosphere has 
not been constant in time, and that the assumption 
of a constant 14C content had led to serious dating 
errors (De Vries, 1 958) .  This effect was discovered 
by measuring the 14C activity of tree rings, which had 
been dated to the year by dendrochl'onology. It was 
soon recognized that dendrochronology is an excel­
lent tool to calibrate the 14C time scale for the time 
interval covered by absolutely dated tree-ring chro­
nologies ( i .e .  the last 1 0,000 years) . By plotting the 
14C ages of tree rings in BP versus their dendro-years 
(i .e. absolute calendar dates), calibration curves can 
be reconstructed (Suess, 1 967). 

1 0 0 0 0  

8 0 0 0  

B P  

6 0 0 0  

4 0 0 0  

2 0 0 0  

o 
1 0 0 0 0  8 0 0 0  6 0 0 0  

Today several chronologies have been dated by 
both dendrochronology and the radiocarbon method, 
the most i mportant ones representing Gennan oak 
and pine (Spurk et a l . ,  1 998), Irish oak (Pearson & 
Qua, 1 993) and Bristlecone pine (Ferguson & Gray­
bill, 1 983) .  Al l  data are published in special calibra­
tion volumes of the journal Radiocal'bon, the most 
recent one called INTCAL98 (Stuiver & Van der 
Plicht, 1 998). Based on these data, a calibration curve 
has been composed that extends back to 9908 BC or 
1 0, 1 62±23 BP (fig. 1 0; Kromer & Spurk, 1 998) .  We 
discuss here only the tree-ring part of INTCAL98 
(Stuiver et a l . ,  1 998) .  

The deviations from the Libby l ine show that the 
atmospheric 14C concentration is not a natural con­
stant (fig. 1 0) .  Fluctuations occur on various time 
scales. We distinguish three types of natura I varia­
tions: 

- The long-term general trend (millennia time 
scale); this trend can be explained by a change 
in the magnetic field strength of the earth, which 
follows the same long-term trend (Damon et a l . ,  
1 989); 

- Medium-term variations or so-called wiggles (on 
a tilne scale of a few hundred years; Suess, 1 970) : 
these are caused by solar fluctuations (De long 
& Mook, 1 982); 

- l l -year cyc!es: these reflect short-term variations 
in atmospheric 1 4C produetion due to sunspot 
cycles (Tans et a l . ,  1 979). 

These variations can be explained in terms of 
changing 14C produetion. Changes of the ealih's  mag­
netic field and solar fluctuations both influence the 
flux of cosmie ray protons captured by the earth, 
which in turn directly inf!uences the prodllction of 

4 0 0 0  2 0 0 0  

c a I A D/BC 

I N TC A L 9 8  
dendro 

o 2 0 0 0  

Fig. I O. Calibration data points: 14C (BP, vertical) versus dendrochronology (cal BC/AD, horizontal). The solid line represents BP = 1950 

- AD. 
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14C, the ahl10spheric 14C02 concentration and the tree­
ring radiocarbon record. The tree-ring 14C record can 
even be used to extract shOl"t-term periodicities in 
solar activity, using time-series analysis. 

The atmospheric 14C02 concentration depends not 
only on ahnospheric 14C production changes, but a lso 
on the existing equilibrium between the global car­
bon reservoirs (atmosphere, biosphere and ocean). 
Changes in this equilibrium almost certainly influ­
ence the shape of the calibration curve in the inter­
val before t lle Holocene boundary. Unfortunately, 
this interval is too early to be covered by dendrochro­
nologically dated tree-ring chronologies. Calibration 
curves based on uranium-series dates (Bard et a l . ,  
1 998) and varve chronologies (Kitagawa & Van der 
Plicht, 1 998) extend into the Upper Palaeolithic; there 
are inconsistencies between these records, which will 
not be discussed here (Van der Plicht, 1 999). 

Obviously to obtain historicaI dates, one do es not 
simply subh'act 1 950 from the 14C dates; this would 
cOlTespond to using the straight line in figure l O as 
calibration curve, thus neglecting the natural varia­
tions as apparent from the tree-ring record. Instead 
one has to use a calibration curve drawn through the 
tree-ring calibration data points. The wiggly shape 
of the series of calibration data complicates calibrat­
ing 14C dates into historicaI ages. Wiggles can, for 
instance, cause a 14C date to correspond to more than 
one calendar date. Furthermore, horizontal parts of 
the calibration curve limit the llse of 14C with respect 
to obtaining historicaI dates :  an accurate 14C date 
(BP) corresponds to a long range in calibrated dates 
(BC or AD; Van der Plicht & Mook, 1 987) .  Un­
fortunately this is the case for the time range 800-
400 BC, the era of large interest to the discipline of 
classical archaeology (Olde Dubbelink & Van der 
Plicht, 1 989) .  This horizontal stretch in the calibra­
tion curve is known as the ' Hallstatt plateau' (Becker 
& Kromer, 1 993) .  Geophysically, it is caused by a 
large increase in ahll0spheric 14C production at c. 800 
BC and which probably caused a climatic change, as 
observed in contemporaneous events in prehistory 
and palaeo-ecology (Van Geel et a l . ,  1 998).  

Two aspects of the 14C method are of interest for 
the samples from Carthage, described in this paper. 
First, the calibration of the 14C dates into historicaI 
ages around the ' Halstatt p lateau ' ;  and second the 
new possibil ity to date cremation remnants. 

The 14C radioactivity (conventional method) or 
concentration (AMS method) is measured on selected 
organic components from the material to be dated. 
For prehistoric bones, the datable ft'action is collagen, 
which can be iso la ted using appropriate chemical 
treatment (Mook & Streurmann, 1 983 ;  Mook & 
Waterbolk, 1 985) .  For bumed bones (temperatures 
- 250°C), the 14C method is problematic because of 
the collagen qua l it y, if  present at all ;  or the material 
is treated as other organic material (l ike peat, char-

coal etc. )  but the presence of contaminating carbon 
(more recent than the age of the bone itself) can not 
always be excluded. Cremated bones (temperature 
-600°C) were not datable by 14C until recently. A 
new development is the dating of cremated bones by 
using their bio-apatite fraction (Lanting et a l . ,  200 1 ) . 
This contains about 1 %  carbonate (o rig ina ting from 
the food), and it appears that cremated bones con­
tain enough of this carbonate despite obvious losses 
on the pyre. For AMS only 2 grams of material is 
needed. This development opens a new extension for 
applying 14C in  prehistory. In the course of 1 999, a 
large test series (> 1 00 samples) of cremated bones 
with kl10wn (or supposedly known) age has been 
dated with a success rate close to 1 00%. This test 
series includes bones ranging from recent to around 
1 0,000 years ago. 

Five samples of cremated bones from Catihage 
were dated by 14C as part of this test program.  The 
resuIts are l isted in table I O . Charcoal sample APM 
1 2 .500 has been dated by the conventional labora­
tory method as a rel iabil ity check of the cremation 
dating. Charcoal sample G 1 95212 .7 has been dated 
conventionally to test the possibi lity of contamina­
tion of the contents of the um with ' modem' char­
coal .  

The resuIts of 14C dating of the cremated bones 
from Carthage are a c lear success: a l l  reslllts are well 
within the range s of predicted dates. But as expected, 
cal ibration enlarges uncertainties in some cases. 
For two samples (GrA- 1 3588 and 1 3590 from APM 
1 2.499/1 and G 1 952/2 .2 respectively), the calibrated 
results are i l lush'ated in figures I I  A and 1 1  B ,  respec­
tively. 

The date for GrA- 1 3588  (2320±50 BP) can be 
cal ibrated very wel l :  the date is younger than the 
' Hallstatt plateau ' ,  and calibration at the steep slope 
in the calibration curve at 400 BC yields a narrow 
and precise probability distribution . Unfortunately 
there is a smal l  plateau between c. 300 and 200 BC 
as well - therefore this region cannot be excluded 
in the final result. The probability ranges of the cali­
bration can be analysed mathematica Ily and yield the 
BC regions as indicated in table 1 0 . 

The date for GrA- 1 3590 (2430±50 BP) falls ex­
actly on the Hal lstatt plateau (see fig. 1 I B) .  The 
calibrated results (see table 1 0  for the exact figures) 
span four centuries. This is an example of the l im­
ited use of the 14C method in this time range (c .  2400 
BP) .  
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Fig. I I . Relevant part of the decadal radiocarbon calibration curve, including individual "C measurements for dendrochronologically 

dated wood. On the Y-axis, the Gaussian probablity distribution for the radiocarbon measurements is plotted; on the X-axis, the probabil­

it Y distribution (non-Gauss ian) for the calibrated result is plotted. (A) Calibration for 2320±50 BP (GrA-13588); (B) Calibratiol1 for 2430 

± 50 BP (GrA-13590). 
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Table I O. Reslilts of the radiocarbon tests (except GrN-24806). 

Laboratory 

number 

GrA- 13588 

GrA-13589 

GrA-13590 

GrA-13591 

GrA-13593 

GrN-24805 

8. NOTES 

Sample 

APM 12.499/1 cremation 

APM 12.500 cremation 

RMO G 1952/2.2 cremation 

RMO G 1952/2.7 cremation 

RMO G 1952/2.12a cremation 

APM 12.500 charcoal 

"C age (BP) 

2320±50 

2330±50 

2430±50 

2460±50 

2220±50 

2380±70 

I.  Initially the publication lVas foreseen in the OMRO journal of 

the Rijksmuseum van Oudheden in Leiden, but unfortunately 

the journal has stopped appearing. 

2. See e.g. Stager & Wolff, 1984; Moscati, 1987; Moscati & 
Ribichini, 1991. 

3 .  Mr. Bisseling lVas curator of  the Museum of  Education (Mu­

seum voor het Onderwijs) in the Hague, the predecessor of 

the 'Museon' .  

4. See Derksen, 1990, for a concise introduction to the collection 

and its donation to the Allard Pierson Museum. 

5. On these excavations: Kelsey, 1926; Khun de Prorok, 1926a, 

b; Harden, 1927; Harden, 1937. See also Lancel, 1995: pp. 

230-234 (kard and GieIly), pp. 234-236 (Kelsey). 

6. Hat'den, 1927, 1937. According to B. Garnand a manuscript 

report on bone remains from Kelsey's 1925 excavations had 

been deposited in the Ashmolean Museum in Oxford some­

time in the 1940s. 

7. In the lOllmal Ivilh lllvelllO/)' oj Objecls FOlllld 72 ums lVere 

registered on Wednesday April 15, numbered from S 1438 till 

S 1512. In between, three numbers are missing (S 1449, S 

1450 and S 1466, IVhich is nolV in Leiden). Elsewhere, the 

lOllmal mentions 74 urns found on Wednesday. Consequently, 

the total number of urns of that day may have been betIVeen 

73 and 75. 

8. If one would have re-numbered urn I of Wednesday April 15 

as S 1438, number 27 would have been S 1464. Given the fact 

that they skipped tlVO numbers (S 1449 and S 1450, see 

previous note), one would arrive exactly at S 1466. 

9. A number of these urns are now in Oxford (Aslml0lean Mu­

seum) and six in London (British Museum), see Harden, 1937: 

p. 66, note 2; also Docter, 1997: table 45,17, 49.B, I-2, 50.A,7. 

Harden (1937: p. 66, note 2 PI. X I,20) indicates that aiready 

at that time one of the urns had wandered into a private 

collection. 

IO .  The different chronological schemes and absolute datil1gs used 

by the successive excavators of the tophet are sununarised by 

S. BrolVn (199 J :  p. 79). 

I I .  C.H. Maliepaat'd (AAC, Amsterdam) kindly studied the ani­

mal bones of the samples. 

Calibrated age range 

(BC) 

409-355, 287-257 

245-233, 215-213 

497-495, 483-465 

449-441, 411-357 

287-279, 277-259 

245-233 

757-697, 541-407 

759-683, 665-635 

591-579, 555-553 

547-483, 465-449 

441-41 1  

377-371, 363-345 

323-269, 263-227 

223-203 

757-693, 541-387 

Expected typological 

date (BC) 

600-300/250 

400-300/250 

600-400 

750-600 

300/250-146 

400-3001250 

12. Similar questions have been raised and studied from the first 

excavations in the tophet onwards, cf. Pallary, 1922; Benichou­

Safar, 1981; and on the tophet of Tharros, Sardinia: Fedele & 

Foster, 1988. As B. Garnand kindly informs, the bone material 

from the later American excavations in the tophet are presently 

studied by a physical anthropologist, employing also DNA­

research: Stager & Greene, in preparation. 
13. For a full teclmical account on reporting of 14C we refer to 

Mook & Van der Plicht, 1999. 
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