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Abstract

We present a high-precision geochemical analysis of a late
ninth-century Scandinavian bullion hoard, discovered in
Normandy, France, in 2007. The hoard contained a parcel
of ingots alongside Islamic, Carolingian and Anglo-Scan-
dinavian coins; thus, although deposited in Normandy, the
hoard is interpreted as representing a parcel of currency
drawn from the Danelaw area of England. We undertook
lead isotope and trace element analysis to characterise the
different coin types and ingots, in order to shed light on the
wealth resources of the late ninth-century Danelaw. Com-
paring the analytical data against an extensive reference
database, we find that the Anglo-Scandinavian coinages
were produced from a mixed silver stock combining a ma-
jority western European (Carolingian and Anglo-Saxon)
source with a minority Islamic one. A similar mixed stock
was used to cast some of the ingots, while other ingots
were cast predominantly from Islamic silver. The results
show that, rather than relying entirely on wealth won lo-
cally, Scandinavians in the Danelaw also had access to
wealth imported over long distances via Scandinavian
trade networks.

Introduction

In 2007, a small silver bullion hoard was discovered in
Saint-Pierre-des-Fleurs, around 5 km south-west of Elbeuf
in Normandy, France (map 1). The hoard contained two
Carolingian deniers, nine Anglo-Scandinavian imitation
issues from the Danelaw area of eastern and northern
England, one Islamic dirham and nine ingot fragments
(table 1; fig. 1)%. Despite its deposition in Normandy, the
composition of the hoard, together with the test marks
(folds, nicks and pecks) applied to both the coins and
ingots, suggests that it was drawn mainly from circulating
currency in the Scandinavian-ruled Danelaw area of Eng-
land: a region which operated a dual-currency economy
based on both coin and bullion exchange?. A terminus post
quem for the deposition of the hoard is provided by the
latest coin, an Anglo-Scandinavian imitation coin in the
name of Beagstan, minted c. 895 (fig. 1, no. 6)°. With the
possible exception of the two Carolingian deniers, which
may have been added to the assemblage following its ar-
rival in Normandy, this small parcel of wealth, weighing
around 100 g, most likely travelled from England to north-
ern France in Viking hands. It probably relates to late ninth

1 Cardon et al. 2008.
2 Kershaw 2017.
3 Cardon et al. 2008, cat. no. 6.

or early tenth-century Scandinavian trading settlements in
the Basse-Seine, indicated by the cluster of toponyms of
Scandinavian origin (map 1), prior to the official cessation
of Normandy to the Viking leader Rollo, in 9114
Archaeometric analysis of the hoard thus presents an op-
portunity to characterise an array of different coin types,
including a previously unrecorded Carolingian GRATIA
DEI REX denier in the name of Eudes (888—898), minted
in Beauvais (fig. 1.2), and the dirham: a Saffarid issue of
Panjhir, Afghanistan, minted c. 874/5 (fig. 1.12). More
interestingly from the perspective of Scandinavian wealth
resources, it can also shed light on the sources of silver in
the late ninth-century Danelaw. Of particular interest are
the Anglo-Scandinavian coins and the ingots. The coins,
all imitations of the ‘Two-Line’ type issued by Alfred,
King of Wessex, were among the first to be issued by
Danelaw rulers and mark the early stages of an exten-
sive and well-managed Anglo-Scandinavian currency.
Performing an-archacometric analysis can help to reveal
whether the Anglo-Scandinavian coins were made from
the Anglo-Saxon coins they imitated, or instead utilised
an unrelated silver source, perhaps one accumulated from
the decades of military activity that preceded Scandinavian
settlement and minting. The ingots, meanwhile, reflect a
system of bullion exchange rooted in Scandinavian eco-
nomic practices, to be cut, tested and weighed out using
scales and regulated weights. Is the silver in these ingots
the same as in the coinage, in which case we would have
evidence that the same resources were simultaneously
fuelling bullion and coin, or are they different, reflecting
silver won locally or imported from Scandinavia? The
concurrent use of bullion alongside a substantial coin is-
sue testifies to the substantial silver resources of Danelaw
rulers. Here we attempt to identify the origin of this wealth
for the first time.

We captured both trace element and lead isotope data via
high precision mass spectrometry for all hoard items, with
the exception of one Anglo-Scandinavian coin® held in a
British private collection. We then compared the analytical
data against an extensive geochemical database built as
part of the ERC project, Silver and the Origins of the Viking
Age (PI: Kershaw). The interpretation of the data requires
an acute awareness of the potential for the mixing or recy-
cling of two or more silver sources and/or silver refining
(cupellation), discussed further below. Our comparanda
includes data for other Anglo-Scandinavian coinage,
alongside contemporary Carolingian, Anglo-Saxon, and
Islamic coins; silver artefacts in Viking-Age hoards from
Scandinavia; and archaeological lead from Viking-Age

4 Cardon et al. 2008; Le Maho 2005.
5  Cardon et al. 2008, cat. no. 4.
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Map 1. Location and context of the Saint-Pierre-des-Fleurs hoard (drawn by Jane Kershaw, after Le Maho 2005, 175).
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Sample No. | Museum Ref. Object Type Description Mint Mass (2)

RN2007_01 | SPDF_02 Denier, Carolingian | Charles the Bald GDR vallée de la Loire |Q‘ -

RN2007_02 | PS_SPDF_01 | Denier, Carolingian | Eudes Beauvais T 1.6

RN2007_03 | SPDF_03 Coin, AS Imitation | Imitation Alfred of Wessex, - -
moneyer Ludig

RN2007_05 | SPDF_07 Coin, AS Imitation | Imitation Alfred of Wessex, - -
moneyer Ludig?

RN2007_10 | PS_SPDF_03 | Coin, AS Imitation | Imitation Alfred of Wessex, - 1.14
moneyer Aeldei

RN2007_06 | SPDF_05 Coin, AS Imitation | Imitation Alfred of Wessex, - -
moneyer Beagstan

RN2007_08 | SPDF_08 Coin, AS Imitation | Imitation Alfred of Wessex, - -
moneyer unknown

RN2007_09 | PS_SPDF_02 | Coin, AS Imitation | Imitation Alfred of Wessex, - 0.91
moneyer Ceneferth

RN2007_11 | SPDF_04 Coin, AS Imitation | Imitation Alfred of Wessex, - -
moneyer unknown

RN2007_07 | SPDF_06 Coin, AS Imitation | Imitation Alfred of Wessex, - -
moneyer Goda

RN2007_12 | SPDF_01 Dirham, Islamic al Mutamid et Yaqub ibn al- | Panjhir -
Layth

RN2007_18 | SPDF_13 Ingot - - 7.08

RN2007_14 | SPDF_09 Ingot - - 33.14

RN2007_16 | SPDF _11 Ingot - - 2.95

RN2007_21 | SPDF_16 Ingot - - 1.31

RN2007_15 | SPDF_10 Ingot - - 8.52

RN2007_17 | SPDF_12 Ingot - - 10.01

RN2007_13 | PS_SPDF _04 | Ingot - - 19.6

RN2007_19 | SPDF_14 Ingot - - 1.73

RN2007_20 | SPDF_15 Ingot - - 2.06

Table 1. Object List@

settlements in Scandinavia and England. It thus enables us
to assess both practices (recycling/ cupellation). We find
that the Anglo-Scandinavian imitation coins are relatively
homogenous, and reflect a mixed silver course combining
a majority Western European and minority Islamic con-
tribution. By contrast, the ingots are more variable and,
overall, show a greater contribution from Islamic silver.
Below, we introduce the hoard contents in more detail and
outline our theoretical approach to silver provenancing,
before detailing the methods and results.

Hoard content

Dirham

The cut dirham fragment is identified by Gert Rispling as
a Saffarid issue by the Caliph al-Mu‘tamid (870-892) and
Emir Ya‘qib bin al-Layth (861-879), struck in al-Banjhir
(Panjhir in the Hindu-Kush, modern-day Afghanistan),
in 874-875 (fig. 1.12). Ninth-century Saffarid dirhams
struck in Panjhir are rare finds in Viking-Age hoards,
with most recorded examples coming from present-day
Sweden. However, one certain and one possible example
minted 873—4 are known from the Giekau hoard, Plon,
Schleswig-Holstein (part of Viking-Age Denmark), de-
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Fig. 1. Analysed coins and ingots in the Saint-Pierre-des-Fleurs hoard. The catalogue numbers are the same as those
produced in Cardon et al. 2008 — see Table 1 for a description of the items.| " alogue numbers 2, 9, 10 and 13 are from
a private collection and were not photographed (phot ="y Guillaume Sarah,).
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posited after 921/26. A dirham struck in Panjhir between
873 and 892 was also found in the Cuerdale, Lancashire,
hoard, deposited c. 905-107. The presence of such a coin
in the Cuerdale hoard makes it plausible that the dirham
fragment from the Saint-Pierre-des-Fleurs hoard circu-
lated in the Danelaw, and was assembled there with the
Anglo-Scandinavian coinage and ingot fragments before
travelling to Normandy.

Carolingian deniers

The corpus of Carolingian coins in the Saint-Pierre-des-
Fleurs hoard constitutes one complete denier and one frag-
ment (fig. 1.1, 2). Neither are from Rouen, the closest
mint to the find-spot. The complete coin is a denier of
Eudes (888-898) from Beauvais, c. 70 km north of Paris
in Picardy (map 1). On the fragment, one can identify on
one side a Karolus monogram and a Gratia Dei Rex legend,
which dates it to between 864 and 877. The other side bears
the letters IVITAS (for the ending of a legend [name of the
mint C]JIVITAS). The style of the lettering suggests that
this coin was issued in a mint located in the Loire valley?,
roughly in the opposite direction from the find-place as
Beauvais. The breaks on the fragment appear to be recent
and may be due to modern cultivation activities, rather
than intentional cuts made in the Viking Age.

Coin circulation in Upper Normandy at the time of the
deposition of the Saint-Pierre-des-Fleurs hoard can be
deduced from two earlier and two later hoards’. Two hoards
found in Upper Normandy can be dated c¢. 869—877: Im-
bleville (Seine-Maritime) and Pont-Saint-Pierre (Eure)™°.
Although Pont-Saint-Pierre is only partially recorded, both
hoards indicate that Upper Normandy was, at this time,
part of an area of coin circulation geographically oriented
north-eastwards, including a wide region north of Paris.
Coin circulation in Upper Normandy is also known from
two later hoards, dated after the Duchy of Normandy was
created, both from the Eure département: Coudres (c. 920)
and Evreux (942-945). According to Jens Christian Moes-
gaard, their composition suggests that Normandy was in-
cluded in a wide Neustrian area of coin circulation, which
also incorporated the Loire valley and the Maine. Thus,
between these two periods, ¢. 869—877 and c. 920-945,
there appears to be a geographic shift in coin circulation
which, we hypothesize, may have been connected with
the 911 Treaty of Saint-Clair-sur-Epte giving the territory
of Normandy to the Viking chief Rollo. Whatever the
case, the two Carolingian coins from the Saint-Pierre-
des-Fleurs hoard, one from Picardy and the other possibly
from the Loire Valley, represent each of the two periods
of coin circulation described. Their presence together in
the Saint-Pierre-des-Fleurs hoard is consistent with the

‘Wiechmann 1996, cat. no. 9, coin nos. 113, 114.
Lowick 1976, 26, cat. no. 15.

Cardon et al. 2008, 31.

Moesgaard 2007, 114-117.

10  Coupland 2011 (hoards nr. 14@146).
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coins available in Upper Normandy at the very end of the
ninth century.

Anglo-Scandinavian coins

The Saint-Pierre-des-Fleurs hoard contains nine An-
glo-Scandinavian imitations of Alfred’s Horizontal/Two-
Line type, the majority of which imitate coins from the
London mint (fig. 1.5-11). Several are bent and/or pecked.
They are all ‘anonymous’ in that they copy the name of
King Alfred, rather than carry the name of Scandinavian
rulers. This imitative coin series, struck to a lighter weight
and, sometimes, with an anomalous style and/ or poor
literacy relative to Alfred’s official issues, was produced
from c. 885 to c. 895 at mints 5t Anglia and the East
Midlands'. While many of the c¢i..s carry the name of the
moneyer Ludig, who produced coins early on at the Lon-
don mint, one coin bears the name Beagstan: a moneyer
working towards the end of the imitative series in c. 895
(fig. 1.6)'2. In the total corpus of Anglo-Scandinavian im-
itative coins scholars have identified the names of over 30
Danelaw moneyers, suggesting that the scale of production
was large'®. In the southern Danelaw region, this coinage
appears to have circulated to the exclusion of other issues,
for it is the only imitative coin variety contained within the
Ashdon hoard, deposited in north Essex c. 895 (map 1)'.
Nonetheless, even in the Ashdon hoard, the coins were
pecked and bent: a reminder than even ‘official” issues
could be treated as bullion, as the Anglo-Scandinavian
coins in the Saint-Pierre-des-Fleurs hoard seem to have
been. The homogenous character of this coin parcel in the
Saint-Pierre-des-Fleurs hoard may point to a similar origin
in the southern Danelaw.

Ingots

The nine fragments of silver ingots from the hoard to-
gether weigh 86.4 g. Seven items have finger-like forms
and deliberately, chisel-cut ends that are typical of ingots
found in Viking-Age hoards in Britain, as well as single
finds from the Danelaw (fig. 1.14-19)". Two further items
are described in the original publication as chisel-cut plate
(‘plaque coupée au ciseau’) (fig. 1.20, 21)!'. They have
a less regular shape, and broader, flat surfaces, which,
on one item, carries decorative irregular, squarish stamp
impressions (fig. 1.21)"7. Stamping is occasionally seen
on Danelaw ingots (for instance: PAS ‘Find-ID’ NMS-
730A92) and it is clear from the deliberately cut form of
one item, and from the edge nicking exhibited on both

11 Blackburn 2011, 5, 152.

12 Blackburn 2011, 169.

13 Blackburn 2011, 152.

14  Naismith 2017, 288; Blackburn 2011, 5.
15 Kershaw 2017.

16  Cardon et al. 2008, cat. nos. 20, 21.

17 Cardon et al. 2008, cat no. 21.
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206/204 | 2SD | 207/204 | 2SD

208/204 | 2SD

207/206 | 2SD | 208/206 | 2SD

SRM981 | 16.932 | 0.002 15.485 | 0.002

36.683

0.005 | 0.91453 | 0.00003 | 2.1664 | 0.0001

SRMO982 | 36.735 0.004 17.154 | 0.002

36.733

0.005 | 0.46697 | 0.00002 | 0.99995 | 0.00005

Table 2. Oxford Earth Sciences lead isotope analyses of NIST SRM981 and NIST SRM9S2 lead isotope standards. These
are the average values during the measurement session. SRM981 are the measured values and the SRM9S82 are adjusted
values after normalizing SRM981 to the values of Todt et al. 1996.

pieces, that they functioned as stores of metal. Overall,
the rate of nicking among the ingots is high: of nine items,
seven are nicked, with the number of nicks per ingot rang-
ing from three to 18+. Their heavily tested condition,
coupled to their highly fragmentary form, suggests an
extended period of circulation within the Danelaw, and,
perhaps, an earlier ‘life’ within Scandinavia or other over-
seas territories in which the Scandinavians were active.
It is perhaps likely that the ingots are older than the coin
element in the hoard, something that may be revealed
through archaecometric analysis.

Approaches to silver provenancing

To explore the question of silver provenance through ar-
chaeometric methods, it is important to build an interpre-
tational framework founded on the latest understanding of
metallurgical processes and the archaeology of silver, as
well as on the use of a combined analytical approach using
high resolution mass spectrometry'®. The first objective is
to identify whether the silver is the result of 1. new primary
production, 2. recycling via re-melting or 3. the result of
secondary refining/cupellation. Cupellation, namely the
metallurgical process of refining silver with lead through
the high temperature oxidation of impurities, is thought
to have been ubiquitous in the Middle Ages, and there-
fore understanding this process, and its outcome, is the
cornerstone for silver studies of this period. Experiments
have shown that many elements (for instance, tin, zinc)
are reduced to very minimal levels through cupellation.
However, gold, platinum and bismuth survive cupella-
tion intact (in the case of bismuth, until the very end of
the process). These elements thus ought to relate to their
original ore source, although we note that the behaviour of
trace elements in silver during cupellation depends on the
scale, characteristics and point of cessation of the process'®.
The purity and trace element characteristics of the silver
allows freshly refined silver to be distinguished from silver
that has contamination indicative of alloying and mixing,
while the levels of source-indicator elements are useful
for discriminating between potential sources.

The composition of the alloy is also crucial in interpreting
lead isotope data. Two major hurdles that stand in the

18  For a fuller discussion see Merkel 2019; Sarah 2019.
19  See Flament et al. 2017, 278 f.; L'Héritier et al. 2015; McKerrell/
Stevenson 1972; Pernicka/Bachmann 1983.
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way of sourcing archaeological silver using lead isotope
analysis are cupellation and mixing. Silver may contain
impurities of lead connected to the original production
of the silver, but secondary refining silver by cupellation
requires the addition of exogenous lead to sequester silver
from impurities and can therefore entail foreign lead con-
tamination. The mixing of multiple silver stocks together
can homogenise lead isotope ratios, which would then fall
on a ‘mixing line’ for two sources, or within a polygon for
three or more sources, plotting graphically between them?.
However, for Viking-period silver, these risks are min-
imised by the fact that Viking silver artefacts were cast
from two, and only two, main sources: silver from west-
ern Europe (Carolingian Empire and Britain) obtained
primarily during late eighth- and ninth-century raids in
Britain and on the Continent, and Islamic silver dirhams,
imported into Scandinavia via the Russian riverine trade
route in large quantities from the ninth century. Signifi-
cantly, ninth-century western European silver is distinct
from, and unrelated to, contemporary Islamic dirham sil-
ver, both isotopically and elementally?'. For instance, the
gold content of Abbasid Islamic dirhams is, on average
0.2wt. %, and ninth-century Anglo-Saxon and Carolin-
gian coins commonly have three to four times higher gold
contents than this?>. This fact allows the two sources to
be identified, either as discrete sources or when mixed.
Moreover, archaeological lead found in Viking-Age con-
texts in England and Scandinavia — the lead available for
use in cupellation — is consistent with Western European
lead sources. Thus, when silver artefacts yield lead isotope
ratios that are inconsistent with Melle or other European
silver/lead, but have parallels in Islamic dirham stocks, it
is likely that the silver derives, either wholly or in part,
from the re-melting of dirham silver. This, in combination
with elemental characteristics, allows Islamic silver to be
traced despite recycling.

Methods

Two sets of analyses were carried out. Elemental analysis
was performed at the IRAMAT—-Centre Ernest Babelon,
CNRS—Université d’Orléans using a well-established la-
ser ablation inductively coupled plasma mass spectrom-

20  Pernicka 2014, 256-258.
21  Merkel 2019; Sarah 2008; 2019.
22 Sarah 2010; Kershaw/Merkel 2019b.
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Sample No. Ref musée Object Type 206/204 2SD 207/204 2SD
RN2007_01 SPDF_02 Denier, Carolingian 18.470 0.001 15.6414 0.0003
RN2007_02 PS_SPDF_01 Denier, Carolingian 18.465 0.002 15.640 0.002
RN2007_03 SPDF_03 Coin, AS Imitation 18.474 0.002 15.642 0.002
RN2007_05 SPDF_07 Coin, AS Imitation 18.485 0.004 15.647 0.004
RN2007_10 PS_SPDF _03 Coin, AS Imitation 18.473 0.001 15.635 0.001
RN2007_06 SPDF_05 Coin, AS Imitation 18.486 0.001 15.638 0.001
RN2007_08 SPDF_08 Coin, AS Imitation 18.506 0.002 15.644 0.003
RN2007_09 PS_SPDF_02 Coin, AS Imitation 18.511 0.002 15.645 0.002
RN2007_11 SPDF_04 Coin, AS Imitation 18.501 0.001 15.6465 0.0003
RN2007_07 SPDF_06 Coin, AS Imitation 18.536 0.001 15.643 0.001
RN2007_12 SPDF 01 Dirham, Islamic 19.054 0.002 15.705 0.002
RN2007_18 SPDF_13 Ingot 18.643 0.001 15.650 0.001
RN2007_14 SPDF_09 Ingot 18.627 0.001 15.655 0.001
RN2007_16 SPDF _11 Ingot 18.759 0.001 15.680 0.001
RIN2007_21 SPDF_16 Ingot 18.505 0.001 15.628 0.000
RN2007_15 SPDF _10 Ingot 18.509 0.003 15.634 0.002
RN2007_17 SPDF_12 Ingot 18.497 0.004 15.651 0.004
RN2007_13 PS_SPDF_04 Ingot 18.475 0.001 15.617 0.001
RN2007_19 SPDF_14 Ingot 18.474 0.001 15.634 0.001
RN2007_20 SPDF _15 Ingot 18.485 0.002 15.628 0.001

Table 4. Lead isotope ratios of the analysed objects.
etry technique?®. Lead isotope analysis was performed at Results
the University of Oxford, Department of Earth Sciences.
Micro-samples of 1-10mg were taken by scalpel and
prepared for solution-based lead isotope analysis by
Elemental Results

multi-collector ICP-MS. Samples were purified using
anion exchange chromatography to remove the matrix
and details of the analytical procedure can be found in
Standish et al. 2021. Blanks were 0.05% relative. Av-
erage analyses of NIST SRM 981 (measured) and 982
(normalised) on measurement days are found in table 2.
Lead isotope ratios were normalised to the ratios of Todt
et al. 1996: 2%Pb/2%Pb = 2.16701, *"Pb/>*Pb = 0.91459,
and **Pb/**Pb = 16.9356. The elemental results are pre-
sented in table 3 and the lead isotope ratios in table 4. Fhe

standard-deviations2SPyare-ofthrecrepeatanabysesof
the-same-sample-solation:

23 For details on the methods refer to Sarah et al. 2007; Sarah/Gra-
tuze 2016.
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The elemental analyses indicate that all objects are above
sterling silver quality and typically have copper contents
in the range of 3—6 wt. %. This is the standard commonly
found among silver used by the Vikings. Only one object
is made of unalloyed silver: the Panjhir dirham, whose
elemental composition is consistent with all that is known
about the Panjhir, with extremely low gold and copper
values and elevated bismuth, usually in excess of 0.5 % .
The dirham is also the only object that is clearly made of
silver refined directly before its manufacture; from now on,
it will be discussed separately. All other analysed objects
have levels of copper and other elements such as zinc and
tin that signify re-melting: alloying, mixing and/or mi-
nor contamination of the silver immediately prior to their
casting/ minting. It is, however, possible that the silver in
the artefacts was previously cupelled and subsequently
alloyed to a copper or copper-based alloy, in which case

24 Cowell/Lowick 1988; Merkel 2016; 2017.
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207/206 2SD 208/206 2SD T(Ma) R K

0.84685 0.00001 2.08441 0.0001 233 9.759 3.916
0.84703 0.00001 2.08451 0.00004 235 9.756 3.915
0.84668 0.00002 2.08455 0.00003 231 9.760 3.920
0.84649 0.00001 2.08489 0.0001 233 9.778 3.929
0.84637 0.00003 2.08433 0.0001 219 9.733 3914
0.84594 0.00002 2.08325 0.00004 215 9.744 3.911
0.84536 0.00002 2.08458 0.0001 212 9.762 3.934
0.84515 0.00001 2.08333 0.0001 209 9.763 3.924
0.84572 0.00003 2.08362 0.0001 220 9.773 3.924
0.84389 0.00002 2.08142 0.0000 186 9.750 3.916
0.82428 0.00003 2.06363 0.0001 -75 9.895 3.975
0.83946 0.00001 2.07743 0.00004 121 9.757 3.925
0.84045 0.00002 2.08014 0.0001 143 9.779 3.946
0.83585 0.00002 2.07639 0.0001 93 9.849 3.973
0.84453 0.00001 2.08379 0.00005 181 9.699 3.921
0.84466 0.00001 2.08190 0.0001 190 9.722 3.906
0.84616 0.00003 2.08433 0.0002 232 9.792 3.930
0.84536 0.00002 2.08153 0.0001 183 9.664 3.882
0.84625 0.00003 2.08246 0.0001 215 9.728 3.896
0.84543 0.00003 2.08124 0.0001 196 9.702 3.887

the lead isotope results would relate to the lead used in
the last cupellation event.

In the vast majority of objects, the gold contents are high
(7,200—-13,300 ppm), a trait characteristic of the post-875
(reformed) coinage of Alfred® as well as late ninth-century
Carolingian silver®. The ingots, however, have noticea-
bly lower gold contents (3,000-4,900 ppm), suggesting
a different silver source. There is a general tendency for
bismuth to be negatively correlated with gold, the highest
bismuth contents belonging to the artefacts with the low-
est gold contents and vice-versa. Lead is almost always
around 0.5 to 1 wt. %, but one ingot (RN2007-19) has
significantly more (3.4 wt.%). This could mean that the
silver was poorly refined, leaving a surplus of lead, or it
may reflect lead contamination in the alloy.

Lead Isotope Analysis Results

The lead isotope ratios separate into two main groups with
the dirham from Panjhir being an outlier (fig. 2). In order
to enhance the interpretation of the lead isotope dataset,
Pb model ages, p and k-values were calculated using the
methods of Albaréde et al. (2012). These calculated values
provide information regarding the model age of the lead
and are additional ways of describing the dataset. The

25  Kershaw et al. in prep a.
26  Metcalf/Northover 1988; Sarah 2008.

dirham from Panjhir is highly radiogenic, having a future
model age, and thus has no relationship to the other objects
in the hoard and will not be discussed in this context.
The remaining hoard objects form two distinct isotope
groups: the main group is characterized by Pb model ages
between 235 and 181 Ma (Triassic-Early Jurassic) while a
smaller group composed of three ingots has ages between
143 and 93 Ma (Cretaceous) (fig. 2)?’. Within the main lead
isotope group, we observe isotopic subgroups that likely
relate to slightly differing silver stocks. Notably, all the
analytical data fits within the spread of lead isotope ratios
in the reference datasets (outlined below). Thus, the lead
isotope ratios found in the Saint-Pierre-des-Fleurs hoard
objects fit well within the framework of the interpreta-
tional model.

Discussion

Provenance of the Silver

Comparing the two isotope groups, the smaller, ingot-only
(Cretaceous) group contains the two objects with the low-
est gold and highest bismuth contents. The dependence
of these source-related variables means that ore source

27 Cardon et al. 2008, cat. nos. 14, 16, 18.
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Fig. 2. The two main isotope groups in the Saint-Pierre-des-Fleurs Hoard (drawn by Stephen Merkel).

information is partially preserved. In addition, there is
potentially important information in the platinum vs gold
plot. These two elements are positively correlated, but the
two isotope groups show different alignments, indicating
the presence of two silver stocks (fig. 3). Significantly,
the lower platinum vs gold alignment contains all three of
the Cretaceous ingots, regardless of the gold contents, in
addition to an ingot from the main isotope group® which
is anomalous for its lower gold and higher bismuth (dis-
cussed further below). This means that these four ingots are
probably related despite other variables that appear to show
otherwise. The two main isotope groups are also observed
in the evidence for alloying with copper-based alloys (brass
and bronze). The items in the small isotopic (Cretaceous)
group are alloyed with relatively clean copper, while the
items from the main isotope group (Triassic-Early Juras-
sic) are much more varied, ranging from copper to bronze
and/or gunmetal (fig. 4). Altogether, these factors point
to two differing silver stocks that are, for the most part,
distinguishable by multiple variables.

In order to assess the origin of the silver in the Saint-
Pierre-des-Fleurs hoard, the analytical data was compared
against an extensive reference database for ninth-century
silver and lead artefacts and ore sources produced by mass
spectrometry techniques (fig. 5—7). The comparanda com-
prises:

- Western European coinage: ninth-century Carolingian
coinage®; ninth-century Anglo-Saxon coinage, includ-
ing issues of Alfred the Great of Wessex and Ceolwulf

28 Cardon et al. 2008, cat. no. 21.
29  Post-reform Charles the Bald coins after Sarah 2010, later coins
after Metcalf/Northover 1988.
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II of Mercia from the Watlington, Oxfordshire, hoard*®,
and Anglo-Scandinavian coinage from York and East
Anglia, including imitative and ‘regal’ types®'.

- Islamic dirhams: Umayyad and Abbasid dirhams and
dirham imitations (Khazar and Volga Bulgar)*.

- Western European lead/silver ore: Melle, France: a
major Carolingian mine and mint**; British lead depos-
its, for example Derbyshire, Mendip, Bristol Avon and
Yorkshire*.

- Viking-period archaeological lead artefacts: from
England, including York and Aldwark Viking winter
camp*®, and Scandinavia, including Hedeby, Gokstad
and Birka*®. With the exception of a small number
of pewter finds from Gokstad (Norway) matching
Melle lead isotope ratios, and one lead weight from
Birka (Sweden), the Viking-Age Scandinavian lead
finds closely mirror the lead from northern England
and may share a common origin. In the figures, only
the unpublished Viking-Age lead from Britain is
shown.

30 Obtained by LA-ICP-QMS (Kershaw et al. in prep a; Kershaw/
Merkel 2019b).

31 Kershaw/Merkel 2019b; Ryan et al. 1984; Metcalf/Northover
1988.

32 Merkel et al. in prep.; unpublished data.

33  Guillaume Sarah, unpublished data; Gratuze 2018; Téreygeol et
al. 2005.

34 Rohl 1996.

35 Kershaw/Merkel 2019a; Jane Kershaw and Stephen Merkel, un-
published data.

36 Merkel 2016; Pedersen et al. 2016; Stos-Gale 2004.
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By comparing the lead isotope ratios and gold and bismuth
contents to reference data, it is possible to identify likely
sources for the analysed objects.

Dirham

In its very low copper and gold, and elevated levels of
bismuth, the elemental composition of the Saffarid dirham

is consistent with elemental data for other dirhams minted
in Panjhir®’. The first known dirham produced from this
distinctive high-bismuth silver was struck at Andaraba in
861 (247 AH) and the use of this type of silver continues
in Northern Afghanistan into the Samanid period*®. Since

37 Cowell/Lowick 1988; Merkel 2017.
38 Ilisch et al. 2003.
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(Sarah 2008; 2010). Anglo-Saxon coins, Alfred post-875 (Kershaw et al. in prep a). Dirham imitations, ninth century
(Merkel et al. in prep) (see text) (drawn by Stephen Merkel).

it represents a sharp departure from earlier Afghan silver
stocks, Panjhir-type silver must derive from new silver pro-
duction that began around this time. The Abbasids minted
sporadically at Panjhir from 860/1 (246 AH), with regular,
albeit short-lived, minting established by the Saffarids
from 873 (259 AH). The use of a new silver source fits
with the establishment of regular minting at Panjhir, but
may also help to explain the decade-long efforts of the
Saffarids to take control of the mining town and mint®.

The range of the lead isotope ratios from this mint are far
from known. Up until now, only one other dirham from
the Panjhir mint was analysed by lead isotope analysis*.
In comparison to this example, the Saint-Pierre-des-Fleurs
dirham’s isotope ratios are much more radiogenic, meaning
it has higher quantities of lead formed from the radioactive
decay of uranium and thorium. Polymetallic lead-silver
slag from the Panjhir valley, that may be associated with
Islamic-period silver mining, are highly radiogenic and
also exhibit future model ages, but these slags are even
more radiogenic than the St.-Pierre e le*!. It must be
said that there is little clarity regarding otopic charac-
teristics of Panjhir silver, ore sources and the organisation
of production®. The lead isotope ratios may reflect several
isotopically diverse deposits and/ or exogenous lead may

39  Diler 2009, 320; Tor 2002, 293-295.

40 Merkel 2016.

41  Merkel et al. 2015; Thomalsky et al. 2015.
42 See Merkel et al. 2015.

have been introduced during extractive processes. Panjhir
as a silver production centre appears be complex and is
greatly in need of focused research.

Carolingian coins

Both Carolingian deniers from the St-Pierre @ are ele-
mentally consistent with previously analysed post-reform
Charles the Bald deniers and later Carolingian coins®.
The silver content is c. 94 %, as is typical for Carolingian
coins minted after 864. The gold and bismuth levels are
also consistent with previous results, with respectively
c. 1% and c. 100 ppm (fig. 5). Isotopically, they are very
close to each other and consistent with both Melle ore
(fig. 6) and Carolingian deniers minted at Melle (fig. 7).
Two interpretations of these results are possible. First, it
can be proposed that Melle silver constituted the major
part of the metal in circulation in Francia Occidentalis,
since coins from both Beauvais and the Loire valley have
lead isotope ratios consistent with Melle ore. Second, one
could also imagine that lead from Melle was dominant in
the kingdom of Charles the Bald and his successors. After
the long period of debasement in the middle of the ninth
century, there was a need to refine the silver currency to
bring it up to a high standard. It may thus be that cupella-
tion taking place in western Carolingian mints conferred

43 Metcalf/Northover 1988; Sarah 2010.


guill
Texte surligné 

guill
Texte surligné 

guill
Note
"Saint-Pierre-des-Fleurs"

guill
Note
"Saint-Pierre-des-Fleurs"


39.00

<& Ref. Melle
A Ref. Viking-period Lead Britain ;
4 Ref. Dirham Imitations
® SPdF, European Coins
@ SPdF, Ingots
38.75
8
s
g Mixed?
e
o A
- A
38.50
{0\ British Lead?
38.25
18.35 18.50 18.65 18.80
206Pb / 204Pb
2.092
& Ref. Melle
A Ref. Viking-period Lead Britain
+ Ref. Dirham Imitations
2.087 @ SPdF, European Coins
@ SPdF, Ingots .
Mixed?

208Pb / 206Pb
N
o
00
N

»

050 )R

British Lead?
2 x

2.077 A 8A
A
2.072 .
0.834 0.837 0.840 0.843 0.846 0.849 0.852
207Pb / ZOGPb

Fig. 6. Lead isotope ratios of hoard items compared with reference data. Melle reference data (Gratuze 2018, G. Sarah,

unpublished data; Téreygeol et al. 2005). Dirham imitations, ninth century (Merkel et al. in prep). Viking-Age lead from

Scandinavian contexts in Britain (York and the Viking camp site of Aldwark) (Kershaw/Merkel 2019a; in prep) (see text)
(drawn by Stephen Merkel).

the Melle LI fingerprint to coins that may be constituted
of silver from different origins. At the moment, there is
no proof of Carolingian lead and silver mining other than
at Melle, but we cannot exclude the possibility of the ex-
istence of other sources or that imported silver entered
the silver stock.

Anglo-Scandinavian coins

Despite the fact that the Anglo-Scandinavian coins include
both early and late issues, they form a moderately homog-
enous geochemical group, a finding which adds support
to the notion that this was a well-organised and controlled
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coinage. They plot isotopically in a ‘mixed group’ cluster,
which straddles the edges of the Melle and British lead
(represented here by archaeological lead from Viking-Age
York and the winter camp of Aldwark, North Yorkshire),
suggesting a predominant contribution from western Euro-
peansilver (fig. 6). Isotopically, the group is a particularly
good match for late ninth-century Anglo-Saxon coinage
and silver artefacts (fig. 7), although three coins* plot
closer to Melle and the two Carolingian deniers analysed
in this study. Western European silver likely provided the
bulk of the raw material for the coinage, suggesting that the
earliest Anglo-Scandinavian coin production was fuelled
by resources won in Western Europe.

However, the bismuth contents are high relative to both
Anglo-Saxon and Carolingian silver (c. 200—-650 ppm,
compared with 100-300 ppm for Anglo-Saxon and Car-
olingian coin) (fig. 5). This group thus also appears to
have a minor contribution from a higher-bismuth source:
potentially, Islamic dirhams. Dirhams circulated widely
in the Danelaw, but dirham silver could have also been
imported to the Danelaw in the form of ingots or other
cast Scandinavian silver products, and recycled to sup-
ply the nascent coinage®’. Notably, our data* for slightly
later Anglo-Scandinavian coins, minted in the Danelaw
around the turn of the tenth century, indicates that they
have bismuth contents in the range of 400—700 ppm, more
in keeping with the contents observed here, although these

44 Cardon et al. 2008, cat. nos. 5, 6, 10.
45  Kershaw 2017.
46  And that of Metcalf/Northover 1988.
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later Anglo-Scandinavian coins also have lead isotope ra-
tios consonant with a more evenly mixed Islamic/ Western
European silver source*’. Overall, the sources of silver
available to the newly established Scandinavian leaders
in the Danelaw thus appear to reflect a majority western
European source, with a smaller contribution from eastern
silver from the Caliphate.

Ingots

The ingots are heterogenous and can be split into three
different groups (fig. 6, 7). The first comprises the three
ingots which are isotopically distinct from the other hoard
items and have Cretaceous model ages (catnos. 14, 16, 18).
All three are regular and finger shaped, with two carrying
multiple nicks. Their higher 208/204 and 206/204 lead
isotope ratios signal a major contribution of lead coming
from silver from the Islamic Caliphate. This is supported
by the high bismuth (1000-3500 ppm) and low gold con-
tent (< 0.3%) of two of the ingots (cat nos. 16 and 18),
although the third ingot has lower bismuth (400 ppm) and
higher gold levels (0.8 %), despite having comparable lead
isotope values (fig. 5).

Within our eastern coin dataset, these ingots relate es-
pecially closely to a group of mid-to-late ninth-century
dirham imitations, which most likely come from Khazaria
(fig. 5, 6). Khazaria, north of the Caspian Sea, was an
important station on the dirham/furs/slaves trade route con-

47  Kershaw/Merkel 2019b.



necting the Islamic world to the northern lands. It produced
imitation dirhams from the 830s, but especially from the
860s, to fulfil a Scandinavian demand for silver left void
by the decline in official Abbasid coin output*. Research
on the source of silver used for these coins is prelimjnary,
but there are isotopic parallels in ore sources in
and northwest Iran and with dirhams minted in the lesser
Caucasus: Khazar imitation dirhams could thus represent
amixed stock of sources adjacent to the Caspian Sea. This
silver could ultimately derive from silver produced in the
Islamic territory; however, as a stock, its characteristics
indicate that it is derived from a pool of silver sources that
is both geographically and chronologically constrained.
It is probable that the two ingots with the low gold val-
ues were cast from silver originally deriving from dirham
silver, potentially in areas such as the Danelaw but per-
haps more likely within Scandinavia, where silver sources
appear to have been less diverse. Notably, the fineness
of these ingots, 91.3% and 93 % ( 3), is lower than
seen among official ninth-century—amd earlier dirhams,
which typically contain just 1-2% copper, reflecting a
usual concentration in the silver after production. How-
ever, ninth-century Khazar imitation dirhams usually have
3—4 % copper and can contain as much as 8 %*. The high
concentrations of copper seen in the ingots do suggest
a degree of alloying or contamination. Similar levels of
fineness are observed among cast silver artefacts from
ninth-century hoards from the Swedish Baltic islands of
Gotland and Oland, which also possess lead isotope values
that indicate a predominately eastern, Islamic origin®. This
suggests the possibility that dirham silver was accidentally
contaminated by minor amounts of copper-based alloys
during recycling, as might occur if, for instance, silver
casting was carried out adjacent to the working of copper
alloys and/ or if the same crucibles were used to melt both
silver and copper-alloys. The elemental contents of the
third ingot, however, may reflect an admixture to dirham
silver of Anglo-Saxon and/or Carolingian silver, and it
seems most likely that such an event occurred within the
Danelaw.

Three further ingots belong to the isotopically ‘mixed
group’, which also contains many of the Anglo-Scandina-
vian coins®'. Two ingots have high gold and low bismuth
contents similar to those observed in the Anglo-Scandina-
vian coinage®. However, the ‘plaque coupée’ with stamped
ornament™ has elemental characteristics more analogous
to dirham stocks and, as noted above, plots with the small
ingot (Cretaceous Pb model age) group in the lower plat-
inum/ gold alignment in figure 3. The mixed group was
interpreted above as a majority Western source with a
contribution from Islamic silver. It is possible that, in the
case of this item, the eastern, Islamic lead component may

48  Jankowiak in prep.

49 Merkel et al. in prep.

50 Kershaw et al. in prep b.

51 Cardon et al. 2008, cat. nos. 15,17, 21.
52 Cardon et al. 2008, cat. nos. 15, 17.

53 Cardon et al. 2008, cat. no. 21.

have been overshadowed by lead from European sources,
in which case the ingot may in fact derive from a majority
Islamic source. Whatever the case, the overlap with An-
glo-Scandinavian coinage suggests that this ingot group
was cast in the Danelaw, using the same or similar silver
stocks utilised for the production of coin.

The final group of three ingots comprises two ‘regular’
ingots and one ‘plaque coupée’*. They are offset from
both Melle and the mixed cluster with lead isotope ratios
consistent with British lead. One of these ingots, a ‘regular’
type®, has a high lead content (3.4 %) which could mean
that the last cupellation was not carried out to completion.
The elemental compositions are not clean enough to argue
for cupellation directly before casting, but it is possible
that these ingots were cupelled (with British lead) prior to
alloying with small amounts of copper, which could have
introduced a range of elements to the alloy. The source-rel-
evant elements, such as gold and bismuth, parallel many
other objects in the Triassic-Jurassic isotope group, sug-
gesting that the ultimate source of the silver is related to
Carolingian and/or Anglo-Saxon sources or the ‘mixed
group’, rather than an Islamic silver stock.

Final comments and conclusion

Given the large quantities of coin and plate described in
written sources as being acquired by Scandinavian raiders
during their raids on the Continent, it might be expected
that Scandinavian wealth resources in the Danelaw relied
wholly or largely on Continental or Anglo-Saxon silver.
It is clear that this silver was indeed an important source
in the early years following Scandinavian settlement: it is
the majority source in the Anglo-Scandinavian imitative
coinage, which appears to have been a large and well-con-
trolled series, and can also be identified in a sub-set of
ingots. Given that the Anglo-Scandinavian imitative issues
emulate Two-Line coins of Alfred of Wessex, it may well
be that Alfredian coins — obtained either via trade across
the Danelaw ‘boundary’ or via earlier raiding activity, were
used as raw material at the Anglo-Scandinavian mints. It
is, however, also likely that wealth accumulated during
the decades of raiding in England and on the Continent
prior to settlement was funnelled into coin (and bullion)
production.

Nevertheless, the most striking finding is that western
European silver did not provide the sole raw material for
the Anglo-Scandinavian coin economy. In their moder-
ate bismuth contents, the Anglo-Scandinavian coins and
‘mixed group’ ingots reflect a contribution from Islamic
silver, whether in the form of extant dirhams melted down
within the Danelaw, or dirham silver cast into artefact
forms within Scandinavia and subsequently imported. Two
further ingots appear to be made predominantly from dir-
ham silver, potentially from a stock that is similar to silver
circulating in Khazaria in the middle of the ninth century,

54  Cardon et al. 2008, cat. nos. 13, 19, 20.
55 Cardon et al. 2008, cat. no. 19.
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and are likely to have been cast within Scandinavia. It
is clear that dirham silver circulated widely within the
Danelaw. To date, over 80 dirhams have been found singly
in Scandinavian-settled regions of England*®®, while 124
dirham fragments have been recorded at the Viking winter
camp of Torksey, Lincolnshire (occupied 872/3): impor-
tant evidence that the Viking Great Army arrived in Eng-
land with eastern silver, and indeed continued to receive
freshly minted dirhams during its campaigns®’. Dirhams
are also a common, though usually modest, g onent
of Viking-Age hoards in Britain and Ireland 5r lead
isotope and trace element analysis of later Anglo-Scan-
dinavian coinage from the Danelaw suggest a significant
contribution from Islamic silver®. The analytical data pre-
sented here shows that they were also recycled into new
forms of wealth within the early stages of the dual-currency
economy of the Danelaw.

Finally, we note that both Anglo-Scandinavian coins and
some of the ingots share a common or similar origin, iden-
tified above as a mixed silver stock. A similar phenomenon
has earlier been observed for Hedeby, where it has been
demonstrated that a late ninth-century Scandinavian coin
series, the so-called KG 7, was cast from the same eastern
silver stock as ingots and hack-silver, with both the coins
and part of the bullion likely cast at Hedeby itself®. That
both coins and bullion derived from the same or similar
silver stocks raises important questions concerning the
decision to mint coins, the Scandinavian leaders’ ability
and willingness to enforce the use of coin to the exclusion
of bullion, and the apparent continued demand for, and
use of, bullion even when an official coinage was widely
available. Indeed, with official coinage and bullion utilising
the same silver stocks and thus being of similar fineness,
itis likely that coins and ingots/ hack-silver were weighed
together within bullion transactions. The bent and tested
condition of the Saint-Pierre-des-Fleurs Anglo-Scandina-
vian imitations, together with their hoarding with items that
could only be traded through weighing and testing, are a
reminder that, although a large and organised coinage, An-
glo-Scandinavian issues were ultimately treated as bullion
in Scandinavian hands. Although produced as a formal and
legal exchange medium, the Anglo-Scandinavian issues
flowed between coin and bullion economies®'.

56 Kershaw 2017.

57  Kershaw 2017; Woods 2020.

58 Naismith 2005; Sheehan 2001, 56.

59  Kershaw/Merkel 2019b.

60 Merkel 2016, 118-120.
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