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ABSTRACT
In 2018, a hoard totalling 266 silver Viking Age coins was discovered near Damhus, south of Ribe (Denmark). The coins belong 
to the early ninth-century ‘KG 4’ series, with the vast majority, 262 coins, identified as having Face/Forward Looking Deer on the 
obverse/reverse. They are among the earliest type of a reformed coinage from Scandinavia's first town, Ribe (Denmark)—some 
of the first Viking silver pennies. Chemical and lead isotopic analyses of 25 specimens reveal that they are consistent with the ad-
mixture of contemporaneous Western (European) silver coinage and the arrival of Eastern silver (homogenised Islamic dirhams) 
from the first half of the ninth-century. The results indicate that, aside from recycling existing Western silver in circulation, 
Eastern Islamic silver was being used in Denmark on a major scale from as early as the 820/30s—providing valuable insights 
into the origins of early Viking Age silver.

1   |   Background

The discovery of the Damhus hoard brought to light 266 
silver coins belonging to a coinage named by Malmer as 
‘Kombinationsgruppe 4’ (or KG 4) (Malmer 1966; Merkel 2016); 
262 of them show a face on one side and an animal on the other 
(KG 4:1 Face/Forward Looking Deer, see Feveile 2025), and they 
are thought to date to c. 820/830–850 ce (the remaining four are 
half pennies showing a ship and a forward looking deer, KG 4:2, 
see Feveile  2026). The new specimens expand our knowledge 
and understanding of this particular coin type significantly 
(Figure  1). Prior to the discovery of the Damhus hoard, only 
13 specimens were known of the type Face/Forward Looking 
Deer (KG4:1), which is in focus in this paper (Moesgaard 2018). 
The KG 4 series was minted from c. 820/30. Its end-date is not 
known, but it is likely that it was replaced by the KG 5 coin series 
around c. 850, meaning its minting can be placed in the first half 
of the ninth-century.

Although a summary of the Damhus hoard has been published 
(Moesgaard  2018; Feveile and Moesgaard  2018; Feveile  2021), 
detailed numismatic publication of the hoard remains ongoing, 
as is also true of the earlier Series X type pennies. Preliminary 
die-studies prove the use of many dies and therefore likely a 
large-scale production of early Viking silver pennies estimated 
to reach in the 100,000s. The design of the KG 4:1 penny was 
clearly inspired by that of its predecessor, the Wodan/Monster 
design from Ribe's earlier silver pennies minted and used as a 
local monopoly coinage from c. 725 ce until the change to pen-
nies c. 820/830 ce. Although the Series X early pennies are often 
referred to as sceattas (sceat [tas]), the term was not actually used 
during the period, so the term ‘early pennies’ is preferred here.

The purpose of this study is to present and contextualise the 
chemical and isotopic results from the Damhus coins. A detailed 
overview of the movement and supply of silver in Northern 
Europe during the Viking Age (and medieval period), including 
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hypothetical models of silver routes, trade and recycling, is not 
presented here, but can be found in recent publications cited in 
this article, notably by Kershaw and Merkel (Williams  2007; 
Skre et al. 2008; Sindbæk 2011; Skre 2011; Merkel 2016; Kershaw 
et al. 2021; Kershaw and Merkel 2022; Kershaw et al. 2024). The 
Damhus hoard represents a unique opportunity to investigate 
and illuminate the source(s) of silver used for minted coinage in 
southern Scandinavia in the early Viking Age.

2   |   Materials and Methods

2.1   |   Sampling

Twenty-five pennies (≈10% of the hoard) were randomly se-
lected for sampling for the purpose of chemical and lead isotope 
analysis. The selected coins are identified individually by their 
finds number (‘X no’) given to them during the excavation of the 
hoard; this number is reported in Tables 1 and 3. A sliver of the 
rim was removed from each using a jeweller's saw with Antilope 
jeweller sawblades from Karl Fischer GmBH. Each specimen 
was mounted individually as a traverse cross-section, embed-
ded in a two-component epoxy resin, prepared as a standard 
metallographic block, ground using silicon-carbide and flatly 
polished to a 1-μm finish using diamond paste mediums. The 
powder (cuttings) obtained from sawing was collected for lead 
(Pb-)isotope analysis.

2.2   |   Analytical Methods

Each mounted specimen (metallographic block) was first anal-
ysed for its bulk major and minor elemental composition using 

micro-X-ray fluorescence (μ-XRF) spectroscopy, before being 
analysed for its trace element composition using laser ablation-
inductively coupled-mass spectrometry (LA-ICP-MS). The 
powder collected from sampling was prepared for Pb-isotope 
analysis in a Picotrace ultra low particulate (Class 100) metal-
free clean laboratory. All sample preparation and analyses were 
performed at the Department of Geoscience, Aarhus University.

2.2.1   |   Micro-XRF

Quantitative data for major, minor and some trace elements 
were acquired using a Bruker M4 Tornado micro-XRF fluores-
cence system operating the software module M-Quant (Version 
1.5). The X-ray generator was operated at 50 kV high voltage 
and 600 μA current (Rh X-ray tube). A 20 μm spot size was used 
(with 20 μm intervals) for chemical analysis (area mapping) of 
coin samples (dwell time 15 ms/pixel, 3 analytical runs), using 
an XFlash silicon drift detector simultaneously with the instru-
ment's second detector for improved counting statistics. This ex-
acted an energy resolution of 40 keV at 130 kcps. Measurements 
were conducted under 20 mbar vacuum conditions and the ac-
quired spectra evaluated and processed in Bruker's Esprit soft-
ware. Within the area mapping, multiple objects (individual 
analyses) were defined for analysis to monitor coin homogeneity.

Estimations of accuracy and precision are provided by repeat 
analyses of certified silver-alloy reference materials (133X 
AGA1, 133X AGA2, 133X AGA3) produced by MBH analyt-
ical. They show that the silver bulk can be accurately quan-
tified to within ≈1.5%. The other main elements—Cu, Pb, 
Zn and Au—are also accurately quantified with errors often 
less than 5% depending on the concentration. Due to the 

FIGURE 1    |    Photograph example of KG 4 ‘Damhus type’ silver pennies from the Damhus hoard highlighting the subtle variation, showing a face 
on one side (‘Wodan’) and a forward looking deer (‘Monster’) on the other, hence also being referred to as the ‘Wodan/monster’ type. They have a 
maximum diameter of 19.5 mm and weight between 0.8 and 1.25 g (mean = 0.98 g). The coins are (from left to right): x7, x1, x8 and x50, scale (bottom-
left) = 10 mm. Photographs by Claus Feveile.
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low concentrations of the standards, accuracy and precision 
testing of Sn and Bi make error estimations difficult, so LA-
ICP-MS data should be consulted. Co, Sb, Cd and As are de-
tected, though values should be treated as qualitative due to 
their low concentrations. The full results from accuracy and 
precision testing are shown in Data S1. Accuracy and preci-
sion testing of the same silver-alloy standards, as well as other 
copper-based reference materials, from previous research 
projects show good long-term consistency and reliability of 
instrument performance (Birch et al. 2019; Hrnjić et al. 2020; 
Orfanou et al. 2020; Orfanou et al. 2021).

2.2.2   |   LA-ICP-MS

The trace element composition of silver was determined using 
an Agilent 7900 quadrupole ICP-MS coupled to a RESOlution 
M-50 (ASI) 193 nm ArF excimer laser (ComPexPro 102F, 
Coherent) system. Calibration of the LA-ICP-MS system was 
achieved by a continuous ablation of NIST610 at the beginning 
of each analytical session (two or three times daily), keeping 
oxide production below 0.25% (monitored as 248ThO/232Th). 
A total of 28 masses (24Mg, 27Al, 48Ti, 53Cr, 55Mn, 57Fe, 59Co, 
60Ni, 63Cu, 66Zn, 72Ge, 75As, 77Se, 103Rh, 105Pd, 106Pd, 111Cd, 
113In, 114Cd, 113In, 115In, 118Sn, 121Sb, 125Te, 194Pt, 195Pt, 197Au, 
208Pb, 209Bi) was acquired with 15 ms dwell time on each 
mass during a 551 ms in time resolved—peak hopping—pulse 
counting/analogue mode. Each ablation constituted a 30s 
baseline (background) acquisition, 35s sampling (ablation) 
time and 35s washout. All analyses (coins and standards) were 
performed over two analytical sessions.

The standard bracketing method was applied, where RM were 
repeatedly analysed every five sample ablations (before and 
after every coin); 10 individual ablations were analysed for each 
coin. The laser settings were: beam diameter of 72 μm, 5 Hz rep-
etition rate, 60 mJ laser energy and 25%T attenuator value. Three 
silver-alloy RM from MBH analytical (133X AGA1, 133X AGA2, 
133X AGA3) were used as standards for quantification purposes 
of LA-ICP-MS data and for measuring instrument performance 
(accuracy and precision testing). A value of 95 wt% Ag was used 
as the internal standard for each coin (individual results can 
be scaled/re-normalised according to their precise Ag value if 
needed). Data reduction of time-resolved LA-ICP-MS data was 
performed using iolite software (Hellstrom et  al.  2008; Paton 
et al. 2011).

Data S2 provides the element concentration (ppm), the standard 
deviation (2σ) and limits of detection (LOD) for each mass an-
alysed. The results obtained from measuring 24Mg, 27Al, 48Ti, 
53Cr, 57Fe, 59Co, 60Ni, 72Ge, 77Se, 103Rh, 105Pd, 111Cd, 113In, 194Pt 
and 195Pt are not reported in the results section below (though 
are accessible in Data  S2) due to their polyatomic/isobaric in-
terferences (May and Wiedmeyer  1998; Thomas  2002) and/or 
low accuracy and precision. The full set of results is provided 
in Data S2.

Quantifying the elemental concentration for each coin followed 
the same multi-standard trace-element procedure approach out-
lined previously (Birch, Westner, et  al.  2020), namely, taking 
the median value from three agglomerated datasets (30 values) Sa
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corresponding to the compiled results generated by the three 
silver-alloy RM's used; this was the case for all elements re-
ported here with the exception of the following elements, where 
the standard(s) used are indicated in brackets: Cu (113X AGA3), 
Zn (113X AGA1), Au (113X AGA3)—these standards provided 
values that most closely matched those results obtained inde-
pendently via micro-XRF analyses.

The results from accuracy and precision testing of RM's are 
provided in Data S2. They show that the silver-alloy standards 
are not suitable for the purpose of quantification of pure silver 
(other RM's), but rather are best suited for trace-element analysis 
of other impure silver alloys (archaeological). The accuracy and 
precision performance is inconsistent across three silver-alloy 
RM's for individual masses (hence adopting a multi-standard 
element procedure); for 113X AGA1 errors for Co, In, Sn, Te 
(≤ 5%), Pb and Bi (≤ 10%); for 113X AGA2 errors for Cr, Cu, As, 
Pd, Cd, In, Sn, Sb, Au and Pb (≤ 5%), Bi (≤ 10%); for 113X AGA3 
errors for Pt (≤ 5%), In, Sn, Te, Pb and Bi (≤ 10%). The accuracy 
and precision results may also owe to micro-inhomogeneity of 
some elements (nugget effect) in the silver-alloy standards (see 
Standish et al. 2021).

2.2.3   |   Lead Isotopes

Lead isotopes were determined by multi-collector ICP-MS 
using standard instrumental and chromatographic proce-
dures (Durali-Mueller et  al.  2007; Klein et  al.  2009). Fresh 
metal cuttings from the coins were dissolved in Aqua Regia 
at 110°C in Teflon beakers. Following dissolution, solutions 
were dried down and passed twice through the column, taken 
up in 6.0 M HCl (first pass) and then 0.5 M HBr (second pass). 
These solutions were loaded on Teflon columns containing 
BioRad AG 1-X8 (200–400 mesh) resin for chromatographic 
ion exchange separation of Pb using hydrobromic–hydrochlo-
ric acid dilutions (cf. White et al. 2000). Following Pb elutions, 
samples were dried down and the Pb fractions then taken up 
in 2% HNO3 with Tl added (single-element standard from 
PlasmaCal, shown to be isotopically identical to NIST 997 Tl) 
at a Pb:Tl ratio of ≈1:3 for mass fractionation correction by 
simultaneously measuring the 205Tl/203Tl ratio (assuming a 
205Tl/203Tl value of 2.3875 (Rehkämperab and Halliday 1998) 
and exponential law fractionation) and (Pb-isotope ratios for 
samples and NIST SRM 981 standard). Solutions were anal-
ysed on a Nu Plasma II multi-collector ICP-MS equipped with 
16 Faraday cups and 5 ion counters in a fixed array, with only 
Faraday cups used for the measurements with 205Tl as axial 
mass. Mass 202 and 201 were monitored for Hg interference 
on mass 204 (204Pb + 204Hg)—which was found to be insignif-
icant. All data were drift-corrected and normalised to NIST 
SRM 981 (206Pb/204Pb = 16.9406, 207Pb/204Pb = 15.4957 and 
208Pb/204Pb = 36.7184).

Two analytical runs (Batch 1 and Batch 2) were performed, 
each running both samples, standards and a procedural blank 
(both blanks containing ≤ 1 ng of Pb). Analysis of standard 
reference materials (geological, lead, silver-alloy) in this study 
gave constant values of 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb 
ratios within uncertainties of expected values; consistency and 

quality of performance from the analysis of standard reference 
materials using the same analytical procedures and setup can 
be viewed from previously published data (Birch et  al.  2019; 
Orfanou et al. 2020) and from reference materials analysed in 
this study (see Data S2).

Pb-isotope ratios measured in artefacts reflect the forma-
tion age of the ores and the U, Th and Pb composition of the 
source from which the ore phases were formed. Pb–Pb model 
ages have been calculated according to Albarède et al. (2012), 
using the ‘LI_model_age()’ function (for use in the R sta-
tistical software environment, R Core Team  2026) provided 
by TerraLID (Westner et  al.  2021; formerly the Global Lead 
Isotope Database, GlobaLID, cf. Klein et  al.  2022; Westner 
et  al.  2023; Rose et  al.  2024). The Pb-isotope data gener-
ated was interpreted from both a geological (cf. Albarède 
et al. 2012; Pernicka 2017; Tomczyk 2022) and technological 
(Merkel 2016; Sarah 2018; Kershaw and Merkel 2022; Kershaw 
et  al.  2024) perspective to investigate provenance hypothe-
ses, namely, sources that are most relevant archaeologically, 
historically and geographically. Where relevant, Pb-isotope 
data was investigated against published reference data using 
similar methods and approaches outlined in previous stud-
ies (Birch, Westner, et al. 2020; Birch, Kemmers, et al. 2020; 
Westner et al. 2020).

3   |   Results

Based on the results from accuracy and precision testing of the 
silver-reference materials, the elemental data described below 
for Ag, Cu, Pb, Zn and Au derive from micro-XRF data, whereas 
the remainder (As, Sn, Sb, Bi and other trace-elements) derives 
from LA-ICP-MS data.

The Damhus coins show a relatively homogeneous silver-alloy 
metal composition containing ≈94 wt% Ag with ≈5 wt% Cu 
and ≈1 wt% Pb (see Table 1 and Figure 2). The most frequently 
occurring minor and trace elements from both XRF and LA-
ICP-MS analyses are ≈0.2 wt% Zn, ≈0.2 wt% Sn, ≈150 ppm 
As, ≈50 ppm Sb, as well as ≈0.2 wt% Au and 500 ppm Bi (see 
Tables 1 and 2). All other elements, if detected, show median/
mean abundances ≤ 5 ppm (i.e., Cd, In, Te). The distribution of 
elemental composition is shown in Figure  1; the outliers are 
inconsistent (i.e., do not correspond to the same coin), indicat-
ing the compositional range represents the overall variance. 
Elemental mapping of Ag and Cu (Figure  2) and calculated 
difference in Ag and Cu values between the core and (coin) 
surface (see Table 1 and Figure 3) highlight that some coin sur-
faces have been altered, most likely a result of post-depositional 
affects (i.e., leaching) as the observed effect is not consistent 
across all specimens; this serves to highlight and reinforce the 
importance of analysing ‘clean’ core metal for defining a repre-
sentative composition in coin studies (where possible).

The ratios 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb are fairly 
consistent and range between 18.502 and 18.580, 15.656 and 
15.671, 38.594 and 38.718, respectively (Table 3). Corresponding 
Pb–Pb model ages vary between 170 and 217 Ma, that is, the 
Alpine orogeny.
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FIGURE 2    |    Boxplots showing the relatively homogeneous distribution of elemental compositions for the Damhus coins analysed; three of the 25 
coins analysed have notably higher Bi concentrations.

TABLE 2    |    LA-ICP-MS results expressed in ppm, each representing the median average from 10 individual ablations across the (unaffected) core 
of the sample. All blanks should be considered not detected.

Sample X no. Cu Zn As Cd In Sn Sb Te Au Pb Bi

D1 60 64,040 1209 135 1.4 1.8 1650 34 1.8 2815 11,275 938

D2 152 51,370 7091 257 4.0 5.1 4545 84 2.2 7973 10,310 618

D3 161 42,340 274 40 0.6 0.7 601 25 0.6 4646 9125 455

D4 101 38,067 1890 130 2.3 2.7 2365 59 2.3 6658 9485 510

D5 33 47,620 1104 124 2.6 3.6 3215 77 0.5 7206 10,065 477

D6 163 46,560 216 56 1.4 1.8 1500 19 2.0 4087 9100 407

D7 84 54,870 625 108 1.0 1.2 935 23 6.2 3339 10,600 503

D8 105 42,510 650 62 1.5 2.0 1495 38 2.9 5453 10,300 516

D9 86 52,970 2750 141 1.9 2.9 2305 39 2.5 4121 10,520 540

D10 59 36,500 1228 98 2.7 3.3 3085 42 2.3 11,057 8420 429

D11 85 46,920 1344 79 4.9 5.7 5385 43 2.7 3569 10,125 535

D12 5 46,566 4677 193 3.6 4.3 4130 61 2.9 5467 8620 555

D13 42 32,991 1017 55 3.7 4.6 4280 36 2.1 3418 9290 424

D14 91 62,060 4565 340 0.5 1.5 590 117 0.4 5684 11,215 552

D15 57 50,990 2739 165 0.8 1.7 1280 34 5032 10,570 1649

D16 29 51,840 1165 148 5.4 9.2 8630 63 0.8 4272 10,445 508

D17 96 45,450 1454 118 1.3 3.0 2460 120 3.9 9217 9220 490

(Continues)
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Sample X no. Cu Zn As Cd In Sn Sb Te Au Pb Bi

D18 25 44,600 2737 182 4.3 8.2 6600 84 2.2 29,330 7915 611

D19 108 41,610 1201 121 3.2 5.7 4945 45 10,706 9595 518

D20 37 78,490 1432 215 1.1 2.5 1770 29 8.3 6196 9850 567

D21 2 324,340 1130 104 1.8 2.1 3300 59 2.0 17,200 820 536

D22 15 73,020 8020 475 1.5 2.6 2410 47 2.2 4469 12,150 498

D23 88 49,280 2342 103 1.2 2.6 1855 83 2.5 9301 8085 498

D24 79 52,360 2364 77 0.8 1.5 1160 41 0.5 7655 9355 974

D25 76 45,980 5247 154 1.9 3.5 2500 53 1.2 8702 9665 389

Min 32,991 216 40 0.5 0.7 590 19 0.4 2815 820 389

Max 324,340 8020 475 5.4 9.2 8630 120 8.3 29,330 12,150 1649

Median 47,620 1432 124 1.8 2.7 2410 45 2.2 5684 9665 516

Mean 60,934 2339 147 2.2 3.3 2920 54 2.4 7503 9445 588

StDev 55,867 2057 96 1.4 2.1 1963 27 1.8 5567 2059 260

TABLE 2    |    (Continued)

FIGURE 3    |    Composite elemental maps showing Ag (red) and Cu (yellow) of several Damhus coins (cross-sections), highlighting the difference 
between the (affected) coin surface and the (unaffected) coin core; all ablations were performed on the core.
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4   |   Discussion

The discussion here explores the potential and likely sources of 
silver used to produce the Damhus coins. Having sampled 25 
coins, ≈10% of the KG4:1 type in the hoard (n = 262) or 8.6% 
of those published (n = 291, Feveile 2025), these results can be 
considered a representative and robust sample (especially when 
compared with other studies employing individual objects). The 
use of ‘high’ Bi and ‘high’ Au is used as a relative term when 
comparing concentrations of the Damhus coin compositions to 
the reference data used.

The high Ag content (≈94 wt%) of the Damhus coins is di-
rectly comparable to silver coinage from the period and region 
(Sarah 2018; Kershaw et al. 2024). When Sn and Zn are scaled to 
the Cu concentration, they indicate that impure copper(-alloy) 
was used to debase the silver, most likely in the form of a low-Sn 
bronze and/or low-Zn brass.

The Pb-isotope composition of the Damhus coins does not 
overlap with Scandinavian lead reference data (see Figure 
in Kershaw and Merkel 2022) and, along with the coins' rela-
tively consistent Pb concentration (≈1 wt%), does not indicate 
that they were produced from silver refined (i.e., cupellation) 
by the addition of exogenous lead. It appears most likely that 
the Damhus coins were produced by re-melting existing sil-
ver in circulation, of which the most likely sources are dis-
cussed below.

4.1   |   Recycling Earlier Silver Coinage c. 660–750

Despite some Pb-isotopic overlaps with earlier Anglo-Saxon, 
Frisian and Merovingian coinage, they should likely be ruled 
out as a main contributing source of silver due to the discrep-
ancy in Au and Bi concentrations compared with the Damhus 
hoard (see Figure 4).

Although some Merovingian silver pennies (namely, those 
from Tours, cf. Sarah 2018) share similar Au contents to the 
Damhus coins studied, the vast majority have far higher Au 
contents (‘high gold’) than Damhus. These earlier high Au 
pennies are reflective of coinage leading up to Charlemagne's 
reform in 793, as shown recently in the chronological devel-
opment in Au contents of silver pennies (Kershaw et al. 2024). 
These early silver pennies have Bi concentrations far lower 
than Damhus, which is enriched in Bi by an order of magnitude.

What remains an unexplored and yet potentially exciting route 
of silver supply for manufacturing the KG 4 Damhus coin series 
is the re-melting of earlier Wodan/Monster Series X early pen-
nies (sceattas). This precursor coinage, also likely produced in 
Ribe, provides an obvious route for the re-circulation of silver 
in the Ribe area of Western Jutland. The chemical and isoto-
pic composition of Series X sceattas may relate to and provide 
further insights on the origins of silver used for minting the 
Damhus coins; they are currently being investigated as part of 
an ongoing research project (‘Dark Age Economics’).

FIGURE 4    |    Biplot of gold (Au) and bismuth (Bi) concentrations of the Damhus hoard in comparison with literature data of eighth and ninth-
century silver. ‘Early Western Coinage (660-750)’ represents Anglo Saxon and Merovingian (Sarah 2018; Kershaw et al. 2024) coinage from the 
late seventh to mid-eighth century; ‘Late Western Coinage (760-822)’ represents Anglo Saxon and Carolingian coinage consisting of Anglo-Saxon 
pennies (Kershaw et al. 2024) from Offa (all 780-92/3, except one coin being 760–780) and Coenwulf of Mercia (797/8-821), as well as Carolingian 
pennies (Tereygeol et al. 2005; Sarah 2008; Chiarantini et al. 2021; Kershaw et al. 2024) from Charlemagne (793–814) and Louis I Pious (814–822); 
Damhus represents the analytical results presented in this article; Dirham Hoards (810s–840s) and Dirham Hoards (850s–880s) represents the aver-
age composition of ninth-century dirham hoards (Kershaw et al. 2021; Kershaw and Merkel 2022) from the Baltic (all from Gotland, with the excep-
tion of one from Oland). The high bismuth (Bi) and high gold (Au) annotations are indications relative to the dirham compositions.
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4.2   |   Recycling Contemporaneous Western Silver 
Coinage c. 800–850

The Damhus coin composition is far more consistent with post-
793 reform Carolingian silver coinage (Charlemagne and Louis 
I Pious), sharing a similar range in Au contents (0.1–0.3 wt%) 
as well as overlapping Bi concentrations (see Figures 4 and 5). 
By the 790s and after, Anglo-Saxon coins were largely made 
from the same stock of silver as Carolingian coins (Kershaw 
et  al.  2024). The term ‘Western’ silver coinage is used here to 
refer to this common silver stock used to manufacture both 
Anglo-Saxon and Carolingian coinage.

The possibility of Carolingian (as well as potentially Anglo-
Saxon) silver coinage from the first half of the ninth-century 
being used to produce the Damhus silver is further reinforced 
when their Pb-isotope compositions are compared (see Figures 5 
and 6). The role of existing Western silver coinage in the forma-
tion of the Damhus coin series is also illuminated when con-
sidered in conjunction with other available sources of silver, in 
particular Islamic silver dirhams.

In contrast to the latter, the Damhus gold contents are around 
0.1%–0.3%, between post-reform Charlemagne (average 
0.1%), Louis the Pious Class 1 and 2 (average 0.17%) and early 

FIGURE 5    |    Biplots of Pb-isotope ratio 206Pb/204Pb against the gold/bismuth ratio (Au/Bi, upper diagram), bismuth (Bi, middle diagram) and gold 
(Au, lower diagram) concentrations of the investigated Damhus coins in comparison with literature data of eighth and ninth-century silver (reference 
data as listed in Figure 4 caption); the dirhams have a ‘low’ gold content (< 0.5 wt% Au) and a ‘high’ bismuth content (> 400 ppm Bi) as indicated in 
Figure 4.
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ninth-century Gotland dirham hoard models (0.25%–0.36%); in 
terms of gold contents, the Damhus hoard straddles between 
Western silver coinage and (more towards) Islamic dirhams.

Western silver may not have been the only available silver 
source at the time the Damhus hoard was deposited. Ribe was 
also in receipt of imports from the Islamic world. This is tes-
tified in objects such as beads, as well as silver coin-pendants 
modelled on Umayyad coins (dirhams): both reached Ribe 
in the last decades of the eighth century (Sindbæk  2023, 
271–279; Feveile 2023, 124). Nevertheless, despite this initial 
flush, dirhams are not found in later stratigraphic layers at 
Ribe. More widely in Denmark, dirhams are rare in hoards 
before c. 850 (Kromann and Roesdahl 1996); two recent hoard 
finds, Kraneledvej (island of Møn, south-east Sealand) and 
Skovsholm (Bornholm) each have a terminus post quem (tpq) 
of 848 and 854, respectively (Horsnæs 2023). It is worth men-
tioning also the slightly earlier hoards containing dirhams 
from Sønder Kirkeby, Falster (tpq 846/7), and Toftegård, 
Zealand (tpq c. 850) (Horsnæs 2023).

However, there are indications of the practice of a bullion-weight 
economy in Ribe, in the form of two polyhedral weights and a 
piece of hacksilver from ninth-century deposits (Feveile 2023, 
130). In addition, the recently discovered Sasanian drahms and 
early dirhams from Gåbense Vig, Falster, have a preliminary tpq 
of 829, hinting at an earlier import of Islamic silver than has 
hitherto been thought to be the case. Recent geochemical work 
has made the case that dirhams arriving in the Baltic in the mid-
ninth century were routinely melted down and cast into rings 
and ingots, rather than kept as coins (Kershaw et al. 2021).

4.3   |   The Introduction of Eastern (Islamic) Silver 
Dirhams c. 800–850

The massive influx of Islamic silver dirhams to Northern 
Europe, as well as their re-melting in bulk, is archaeologically 

attested (Kilger  2008). Detailed chemical and isotopic studies 
have determined the geological sources of silver (Merkel 2016; 
Merkel 2021; Standish et al. 2021; Merkel et al. 2023) and there-
fore they should be considered as a potential stock source for 
the Damhus silver, as has already been considered (and demon-
strated) for other Viking silver artefacts (Kershaw et  al.  2021; 
Kershaw and Merkel 2022; Kershaw et al. 2025). The reader is 
pointed in particular to the geochemical and isotopic results from 
the Viking Age hack-silver hoard Kettilstorp (Västergötland, 
south-west mainland Sweden), containing both Islamic dir-
hams (8 Umayyad, 22 Abbasid) and Carolingian coins; not only 
is the hoard a combination of both Western and Eastern silver, 
but some of the cast silver pieces directly reflect this admixture 
(Kershaw and Merkel 2022).

The characteristic Au and Bi contents (≈0.2 wt% or less) of 
ninth-century Islamic silver dirhams (800–900) from important 
Umayyad and Abbasid mints closely matches the concentra-
tions observed in the Damhus coins. The modelling of chemical 
and Pb-isotopic compositions of silver dirham hoards found on 
Gotland and Öland (Kershaw et al. 2021) provides a crucial com-
parison for the Damhus chemical and Pb-isotope results (see 
Figure 6). The tightly defined Bi concentration (400–600 ppm) 
of the majority of the Damhus coins (with the exception of the 
three outliers with substantially higher Bi contents) overlaps 
well with the modelled Bi contents of the silver dirham hoards 
from Gotland 800–850. The gold contents of the Damhus coins 
(ranging from 0.1–0.3 wt%) overlap between the aforementioned 
Carolingian silver between post-reform Charlemagne (≈0.1 wt% 
Au), Louis the Pious (≈0.17 wt% Au, Class 1 and 2) and the mod-
elled gold contents of the dirham hoards from Gotland from the 
first half of the ninth-century (≈0.25–0.36 wt% Au).

Overall, the Damhus coins fall neatly between the Western silver 
coinage from the first half of the ninth-century (i.e., Carolingian 
pennies) and the modelled (homogenised) compositions from 
dirham hoards from the same period, both chemically and iso-
topically. The overall ‘shape’ distribution of the Damhus coins 

FIGURE 5    |     (Continued)
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FIGURE 6    |    Pb-isotope diagrams of the investigated Damhus coins in comparison with literature data of ninth-century silver, mostly relating to 
the first half of the ninth-century (reference data as listed in Figure 4 caption).
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in the Pb-isotope plots mimics that of the Western silver coin-
age, but is shifted (scaled and pulled, respectively) towards the 
Islamic silver hoards. This evidence indicates that silver was 
being mixed between both anthropogenic (i.e., stock silver 
metal already available) sources. The proximity of the Damhus 
Pb-isotope compositions indicates the contributions from silver 
dirhams to be substantial, as the points are pulled closer to the 
averaged dirham hoard compositions (away from the Western 
Carolingian silver). The imported Islamic silver need not have 
been in the form of coin, but could have arrived in southern 
Scandinavia as cast bars and ingots.

To add further chronological precision to the dating of the 
Damhus coins as well as their hypothesised silver origins, 
they do not match the modelled dirham hoard compositions 
of the second half of the ninth-century (850–900), as shown in 
Figure  6, which have distinctly different Pb-isotopic composi-
tions. The three Damhus coins with the highest Bi concentra-
tions (≈0.1–0.16 wt%) may hint towards being produced in the 
later part of the first half of the ninth-century (i.e., c. 850) due 
to their proximity in Pb-isotopes and Bi values to the modelled 
dirham hoards from 850 to 900. Further investigations and re-
search are needed to understand the relationship between the 
dating of the Damhus hoard and the numismatic evidence of sil-
ver Dirhams in southern Scandinavia.

5   |   Conclusion

Although earlier eighth-century silver stocks from Western 
European coinage have been considered and demonstrated to 
be an unlikely source of silver for producing the Damhus type 
KG 4:1 coinage, the Damhus hoard coin compositions and 
Pb-isotope results fall neatly between (and overlapping with) 
silver available from the first half of the ninth-century in the 
form of an admixture of silver pennies (i.e., Carolingian and 
Anglo-Saxon coinage) and homogenised Islamic (dirham) sil-
ver stock in early ninth-century Sweden, as characterised by 
their Au and Bi contents as well as their Pb-isotopic composi-
tions, similar to the case of the Kettilstorp hack-silver hoard. 
The results from this study demonstrate that some of the earliest 
Viking silver coinage was produced by the mixing of existing 
Western stock silver and newly arriving Eastern Islamic silver. 
This is significant for showing that Islamic silver was present 
in southern Scandinavia prior to c. 850, the point at which dir-
hams first appear in significant number in hoards, and it may be 
that the silver arrived in the form of cast ingots, bars and rings. 
Alternatively, the results can be suggestive of a slightly later dat-
ing of (some) of the Damhus pennies towards c. 850 (than 830), 
the point at which the influx of Islamic silver Dirhams is well 
documented. Whatever the case, the use of Islamic silver for the 
analysed Damhus hoard coins demonstrates Scandinavia's early 
connections to long-distance eastern riverine trade networks 
across Eurasia: even western areas of southern Scandinavia re-
ceived wealth from trade with the Islamic lands.
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