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Introduction 
SELLWOOD1 has described the likely method of  production of  early English silver coins, which 
seems to have been based on the use of  a piece, roughly square, of  a thin flan  of  silver alloy on 
which the obverse and reverse types were stamped, followed  by use of  a circular cutter (like a pas-
try cutter) to separate the final  round coin from  the flan.  He showed that a series of  specimens 
could be made from  a hammered sheet of  alloy within the weight limits observed for  good speci-
mens of  Anglo-Saxon coins. The metal used for  the coins was supposed to be good silver, which 
after  the coinage Reform  by Eadgar on AD 973 was as high as ninety-five  per cent pure. Many 
coins struck before  Eadgar's Reform  did not reach this standard and values lower than thirty per 
cent have been reported. To maintain a high standard it would have been necessary for  the mint to 
be equipped to carry out assays by cupellation and the continuing control of  purity would have 
been required. Re-striking was called for  when new types were made current and on accession of 
a new King . The previous coins had to be exchanged and a fee  paid at a mint. Mints existed in at 
least thirty different  towns in the reign of  Eadgar. This procedure yielded a wealth tax collected by 
the moneyer, who paid a fee  for  his appointment to the King. 

Interest in the composition of  the coins of  this period led to a series of  chemical analyses2 fol-
lowed by hundreds of  results obtained by non-destructive methods.3 The pre-Reform  coins are 
usually brittle and subject to cracking; their fragility  has been illustrated by assessing the propor-
tion of  damaged specimens in museum collections; this was between twenty and fifty  per cent of 
the coins issued between those of  Ecbeorht (AD 802) and the pre-Reform  types of  Eadgar, except-
ing only the 2-line and Orsnaforda  types of  Alfred.4  The embrittlement was suggested to arise 
from  corrosion, especially of  the elements copper, lead and zinc which were found  in the alloy. 

Among the specimens analysed, Metcalf  and Merrick1 described with a diagram the hetero-
geneous composition of  a coin of  Pepin (King of  the Franks, AD 751-768), having an internal 
boundary between silver and copper apparently containing mercury. This coin was described as a 
forgery;  in a recent re-analysis mercury was not found  but the interior was shown to be compos-
ite.6 A photomicrograph of  a cross section of  a fragmentary  coin of  Eadgar submitted by one of 
the authors to the British Museum and by them to the Royal Mint disclosed that it appeared to be 

1 D.G. Sellwood, 'Medieval Minting Techniques', BNJ  3 (1963), 57-65. 
2 J.S. Forbes and D.B. Dalladay, 'The Composition of  English Silver Coins', BNJ  30 (1960), 82-7 and E.I Harris, 'Debasement of 

the Coinage' in SCMB  No. 524 (Ian 1962), 5-7. 
3 G.R. Gilmore and D.M. Metcalf,  'The Alloy of  the Northumbrian coinage in the Mid-ninth Century' in Metallurgy  in 

Numismatics,  Vol. I, RNS  Special  Publication No.  13. edited by D.M. Metcalf  and W.A. Oddy (London, 1980), pp. 83-97. 
D.M. Metcalf  and J.M. Merrick, 'Studies in the Composition of  Early Medieval Coins', NC  127 (1967), 167-81. H. McKerrell and 
R.B. Stevenson, 'Sonic Analyses of  Anglo-Saxon and Associated Oriental Coinage' in Methods  of  Chemical  and Metallurgical 
Investigation  of  Ancient Coins, Vol. 1, RNS Special Publication No. 8, edited by E.T. Hall and D.M. Metcalf,  (London, 1972), 
pp. 195-209. D.M. Metcalf  and J.P. Northover, 'Debasement of  the Coinage in Southern England in the Age of  Kinig Alfred',  NC  145 
(1985), 150-76. D.M. Metcalf  and J.P. Northover, 'Interpreting the Alloy of  the Later Anglo-Saxon Coinage', BNJ  56 (1986). 35-63. 
D.M. Metcalf  and J.P. Northover, 'Carolingian and Viking Coins from  the Cuerdale Hoard; an Interpretation and Comparison of  their 
Metal Contents', NC  147 (1988), 170-7. D.M. Metcalf  and I.P. Northover, 'Coinage Alloys from  the Time of  Offa  and Charlemagne to 
c. AD 864'. NC  149 (1989), 101-20. 

4 E.I. Harris, 'Broken Coins as a Guide to Mint Practice', SCMB  (1980), 179-81. 
5 Metcalf  and Merrick, as in 3. 
6 K. Anheuser, 'Silver plating on a Carolingian Denier of  Pepin III reconsidered', NC  (1996). 156. 237-39. 
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made of  'two types of  material arranged in sandwich fashion,  the outer layers being readily distin-
guished from  the central core by their darker spotted appearance'. It was described as a forgery.7 
However the published analyses show the proportion of  copper in specimens of  this date can reach 
30% so a progressive oxidation proceeding inwards would give rise to this appearance. It is a mat-
ter of  argument whether a sub-standard coin struck by a dishonest or uncontrolled moneyer using 
official  dies is a forgery.  The present analyses were made as an exercise to examine the use of 
alloys and the possible non-uniform  composition as achieved, for  example, by plating. The 
material available to us was inevitably in a fragmentary  condition so of  little commercial value. 
McKerrell and Stevenson8 remarked that analysis of  broken coins was likely to bias the conclu-
sions drawn from  the results; this is an important point because fragility  after  a long period of 
exposure and consequent corrosion would depend upon the alloying elements. 

We did not set out to add to the existing body of  overall analyses but rather to examine the vari-
ation of  composition across the thickness of  the specimen, which would be dependent upon the 
conditions to which the coins had been exposed. This led to our finding  evidence for  use of  mer-
cury as a means of  plating the surfaces  of  four  specimens. Of  these, three were certainly issued for 
Eadgar before  his Reform  and the fourth  was of  the same period (AD 900-973). Use of  mercury to 
improve the appearance of  artefacts  and forgeries  or coins has been described.9 Of  course, with 
specimens of  unknown provenance one does not know when the mercury was applied and can 
best address this question by examining better sourced examples such as those obtained from  finds 
directly put into the care of  a museum. Certainly in the past collectors have used various means to 
embellish their specimens, so our results, being drawn from  material discarded from  collections, 
cannot say when the mercury was applied. A specimen of  an /Ethelberht (AD 858-866) coin had 
tin besides a problematic trace of  mercury in a superficial  layer. 

Many of  our analyses did not total to one hundred per cent; either open space or oxygen com-
bined as oxide, together with the sum of  the elements including gold and arsenic present in small 
amounts, accounts for  the deficiency.  When interpreting results, the presence or absence of  voids 
or oxide and sulphide gives information  about the degree of  corrosion. There are several reasons 
for  mercury not having been noticed before  in these coins. They are: (1) it is associated with poor 
specimens having a low total metal content which were discarded, (2) the conventional analyses 
have been made on a polished edge over which only a few  microns at the boundary may carry the 
mercury, (3) if  the specimen has ever been heated, the mercury would have been distilled off;  even 
exposure to the electron beam visibly removes mercurial spots, (4) the outer layers may have 
flaked  off,  as can be seen to be in progress on some samples. 

Methods 
The fragment  of  coin was embedded in resin with a broken edge exposed. After  the first  results 
showed that contraction of  the resin when setting could detach a thin layer from  the surface,  the 
specimen was held in a sheet of  cellulose acetate to protect it from  the resin. The embedded coins 
were polished with graded abrasives. The analyses were made alternatively by energy dispersive 
scanning electron microscope (either Hitachi S-570 plus Link analytical system AN 10,000 or 
JEOL JSM35CF with Oxford  Instruments Isis system) or by a wavelength dispersive electron 
probe microanalyser operated at 25 kV (JEOL type JXA 8600). 

7 G.P. Warden, 'A Contemporary Forgery of  Eadgar', BNJ  31 (1962), 159. 
8 McKerrell & Stevenson, as in 3. 
9 W.A. Oddy, 'Gilding and Tinning in Anglo-Saxon England' in Aspects of  Early  Metallurgy,  British Museum Occasional Paper 

No. 17 (1977), pp. 129-34. 
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Results 
The results have to be considered for  each specimen individually, along with the relevant photo-
graphs and graphs. The first  two specimens did not show any mercury content. They do, however, 
illustrate the differences  in appearance and composition between a post-Reform  coin struck when 
a high standard was maintained under iEthelred II and a pre-Reform  coin of  Eadgar. 

The first  (Fig. 1) has a uniform  appearance across its thickness, consistent with the similar 
analyses made at spots near B, C or D ( No. 1 in the Table) and a scanned area at the centre of  the 
section. When the spot was focussed  at the edges there was less total metal but the copper/silver 
and lead/silver ratios were lessened, indicative of  the selective removal of  the alloying metal by 
blanching or corrosion. This specimen carried 0.6-1% As and 0.8-1.6% Au. 

The Eadgar specimen (Fig. 2 and No. 2 in the Table) was struck by Frard, a moneyer known 
from  another coin (also imperfect)  to have worked at the York mint (Norweb Sale Lot 1194). The 
metal of  our coin has an internal structure with a lighter central strip between darker outer bands 
similar to the Warden specimen. Oxidation of  the copper, whether induced by roasting or by long 
exposure to ground water, would add an undetected element to the total. 

The Eadgar specimen (Fig. 3 and No. 3 in the Table) was struck by the moneyer Dudeman. 
There was no mint name on our specimen, but this moneyer worked at a mint noted on a coin of 
Eadwig as HAM, perhaps Northampton. The coin carries traces of  mercury at its edges, which is 
best shown by the line scans. These were obtained from  the Oxford  Instruments - JEOL appara-
tus. They provide only rough estimates of  composition obtained in exposures of  2 sec per point 
and without background correction in a line covered by the electron beam spot as it progresses 
across the specimen, and do not total one hundred per cent because of  voids, oxide and traces of 
other elements. They are supplemented in the Table by analyses made at spots and areas not nec-
essarily near the scan line. The analyses show mercury (Hg) at up to six per cent at certain places 
on one or other edge or on both depending on the location. In the scan for  Hg the background sig-
nal from  the other metals can be seen between the narrow Hg peaks at the edges. The mercury 
would not be significant  in an overall analysis. The average Ag/alloy ratio holding in strips 25 x 
300 pm adjacent to the two sides is higher than the ratio in the central area, which could be the 
consequence of  leaching out of  the copper after  it has oxidised. The mercury may well have been 
applied relatively recently. 

The Eadgar coin (Fig. 4 and No. 4 in the Table) was struck probably by Deorulf  and certainly at 
Tamworth since the central portion carried the inscription 'T + E'. It is likely to be the remains of 

Fig. 1. jEthelred Fig. 2. Eadgar. Frard 
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EADGER 

DUDEMAN 
LINE SCANS 

Range of 
analytical 

values 
5-0.3% 

22-3% 

6 - 0 % 

86-66% 

Fig. 3. 
the specimen illustrated in SCBI  20 no. 811. Another coin of  this moneyer struck at Tamworth 
(Norweb Sale Lot 1197) is also imperfect.  Our example has mercury at its edges where it replaces 
copper, but there are additionally peaks of  mercury concentration at 170 and 270 pm. This pene-
tration could have arisen by applied mercury running into cracks. 

The Eadgar coin (Fig. 5 and No. 5 in the Table) was struck by the moneyer Thurmod. Other 
coins struck by this moneyer have the signature of  the Chester mint. The present specimen was 
similar to no. 433 in the Chester hoard described in BNJ  27 (1955), 125. Again there is mercury at 
the edges, but there is more present at one edge (the left  in Fig. 5) than at the other. Additionally in 
the traverse there was a peak of  mercury about 2/3 across. Again this might be consequent upon 
penetration of  a crack. 

The results displayed in Figs 6A and 6B and set out at No. 6 in the Table were obtained from  a 
coin struck for  iEthelberht who was sub-king of  Kent, Essex and Sussex from  858 to 860 AD, and 
king of  all southern England from  860 to 865/6 AD. Some similar coins struck for  his predecessor 
/Ethelwulf  bear a monogram of  Canterbury. Published analyses of  issues of  this period10 include 

10 Metcalf  and Northover (1985), as in 3. 
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Fig. 4. 

some coins having less than thirty per cent silver. The section has in some places at each side an 
ill-defined  area with a black background. Between these areas the background is grey. At other 
places the black/white material is thin or absent. Possibly the picture is of  a coin which had been 
thinly plated with a tin-silver alloy, and subsequently corrosion had led to loss of  most of  the plat-
ing. The hue scans (Fig. 6A) indicate that the dark surface  area(s) carry silver and tin with low 
copper whereas the interior has a high copper with low silver and tin. in this specimen there was 
no clear banding into discrete areas and there were isolated patches of  the dark material inter-
spersed in the adjacent light material. A more accurate and detailed set of  analyses along a line of 
width defined  by the spot (c.1.5 pm) running from  the right hand edge through the black/white 
area into the grey/white area was made in 3 pm steps (Fig. 6B). Some of  these fuller  analyses are 
in the Table with values found  for  the three major components, Sn, Ag and Cu. Referring  to the 
Table it is noteworthy that indicative evidence for  the presence of  mercury at 3-4% near one edge 
was obtained in two independent analyses. There is also evidence for  the presence of  Zn in much 
of  the interior. 
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Fig. 5. 

Finally (Fig. 7 and No. 7 in the Table) are results obtained for  a fragment  having no other clue 
to its issuer or date than that it was the centre of  a piece having a + at the centre of  each side. This 
indicates that it derived from  a type issued for  successive kings between Eadward the Elder 
(899-924 AD) and Eadgar's last pre-Reform  type issued up to AD 973. We include it because it 
contained so much mercury. The line scans show that in the section examined, amounting to about 
40% of  the thickness, there were spots with up to 40% mercury alloyed with silver and copper. 
The remaining thickness was mainly silver but again there was high mercury at the edge. It can be 
no surprise that most of  the specimen was fragmentary  when it came into our hands. Whether 
some relatively recent exposure to chemical treatment had led to the observed structure is an open 
question. By heating some fragments  in a small test tube, a grey deposit of  mercury was obtained 
on the cool part of  the tube. Regrettably this was not accompanied by measurement of  the loss of 
weight. 
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Table: An 'area' is scanned by the spot to provide local average values, a 'spot' is provided by the 
focussed  beam directed at a particular feature.  Results from  the wavelength dispersive probe 
apparatus are marked by a * , nm = not measured, ns = not significant.  Numbers shown in brackets 
are values less than twice the estimated uncertainty but indicate that the element is present. 
Sulphur is recorded as a sign of  surface  corrosion. Chloride was usually present, if  at all, at less 
than 0.2%, exceptionally one 3pm sample of  the sequential analyses had 5% chloride. 

Coin and 
where analysed 

Total of  elements 
measured 

Contents % by weight (or if  preceded by N normalised to 100%) 
Ag Cu Zn Hg Pb Sn 

1. jCthelred II Chester mint, last small cross type, moneyer Alcsige. Fig. 1 
At edge, near A 91.4 88.3 1.6 0 0 0.9 0 0.4 
At A *89.7 85.7 2.4 0 0 1.3 0 ns 
At B *96.8 92.5 2.5 0 0 1.5 0 ns 
At C *98.0 93.6 2.7 0 0 1.4 0 ns 
At D *97.4 94.7 1.8 ns 0 0.5 0 ns 
At edge, near D. 89.7 87.9 0.3 ns 0 0 nm 1.5 
2. Eadgar, 2-line type, moneyer Frard. Fig 2. 
At edge A 98.5 86.5 2.9 3.3 0 3.1 0.5 0.6 
Internal area 100 x 110 pm 100 80.8 9.6 3.4 0 2.7 nm 0.2 
Area at centre 50 x 60 pm *87.0 72.8 9.6 3.0 0 0.8 (0.3) (0.6) 
At edge B *99.5 90.1 3.0 3.6 0 1.3 ns (0.2) 
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Coin and Total of  elements Contents % by weight (or if  preceded by N normalised to 100%) 
where analysed measured Ag Cu Zn Hg Pb Sn S 
3. Eadgar, 2-line type moneyer Dudeman. Fig. 3 with line scans. 
Spot at edge A 
Spot 10 pm in 
Strip 25 x 300 |jm along side A 
Middle area 50 x 55 pm 
Strip 25 x 300 pm along side B 
Spot at edge B 

*87.5 72.6 4.7 1.4 6.1 (0.6) ns 1.4 
*91.4 83.4 3.0 2.6 ns (1.1) ns ns 
94.27 8.7 11.9 3.7 0 nm nm nm 
94.3 66.2 22.3 4.4 ns (0.9) ns ns 
97.0 84.3 9.7 2.3 0.6 nm nm nm 
93.5 85.9 2.5 (0.3) 4.7 nm nm nm 

4. Eadgai', moneyer probably Deorulf,  3-line type, mint Tamworth. Fig. 4 and line scans. 
Spot at edge A 84.2 52.0 1.1 (0.2) 28.3 (0.2) ns 2.0 
Spot (dark) at 35 pm *94.4 33.7 54.6 4.8 ns (0.7) ns ns 
Intl area 100 x 110 pm 94.4 31.0 44.3 14.4 ns 2.4 ns ns 
Spot at 100 pm in *98.0 85.8 4.9 6.0 ns (1.1) ns ns 
Spot at edge B 85.8 50.3 3.0 0.4 26.3 1.4 ns ns 
5. Eadgar, moneyer Thurmod a 2-line type, moneyer known at Chester for other types. Fig. 5 and line scans. 
At edge A 87.1 67.8 1.2 0 15.1 2.2 nm 0.5 
Spot 5 pm inside 100 86.8 3.9 0.4 3.4 4.5 ns nm 
Spot 20 pm inside 88.9 75.9 7.2 ns 1.1 2.6 ns nm 
3 areas in middle 100 x 110 pm 96-100 84-6 9-10 0.4 0 3.5 ns ns 
Spot 5 pm inside 85.2 68.7 1.1 1.0 10.9 3.5 0 nm 
At edge B 94.2 63.5 1.1 ns 23.3 2.3 nm 1.0 
6. /Ethelberht moneyer Notulf,  Canterbury mint. Fig. 6, line scans and serial analyses. This specimen had a particularly 
variable appearance; these results refer  to a part having an outer white/black phase and inner white/grey phase. 
Elsewhere only the white/grey pattern was present; this had a composition close to that of  the 'area at middle' below. 
The strip figures  were averaged from  sets of  values obtained in 3 pm intervals. 
At edge A *100 84.3 5.1 1.0 (3.3) 1.0 5.2 0 
At 3-6 pm in from  A *73.1 58.5 1.5 ns (4.8) ns 10.1 0.3 
Strip by spot, 0-102 pm *74.8 57.3 4.5 (0.7) ns ns 9.2 ns 
Strip by spot, 102-162 pm *68.6 22.6 40.0 2.5 ns 0 6.5 ns 
Area 50 x 55 pm at middle *88.9 22.0 66.6 4.6 0 ns 6.1 ns 
Spot central at 147 pm *90.6 4.5 73.4 4.9 0 ns 5.5 0 
At edge B *99.6 55.1 35.8 2.0 0 ns 5.7 ns 
7. Central fragment  of  a contemporary (870-972 AD) coin probably of  the of  the circumscription type. Although anony-
mous this piece is recorded because its composition is so extraordinary. 
Spot in edge A *90.0 51.0 1.3 (0.3) 36.9 0 0 0.1 
Area 50 x 55 pm adjacent to A * 79.8 34.3 15.1 2.1 27.7 0 " ns 
Spot 30 pm in from  A *94.0 46.9 1.2 0.9 44.8 0 ir ns 
Area 50 x 55 150 pm from  B *69.2 40.3 12.2 2.2 14.0 ns ns 0.3 
Area 50 x 55 pm along edge B *80.5 58.2 16.9 4.2 ns (0.7) (0.1) 0.5 
At edge B *100 89.0 3.9 6.2 0 (0.9) (0.2) ns 

Discussion 
The analyses give some explanation of  the brittle nature of  the specimens used in this study. The 
metals other than mercury which were used to alloy the silver would tend to undergo corrosion. 
Certainly our data are biassed by use of  broken specimens. In this respect they resemble many 
other coins of  the northern mints. Three intact coins of  this period which we examined did not 
show traces of  mercury on a polished edge. Our results only show that mercury in some form  was 
applied to the surfaces  of  coins 3, 4 and 5 at some time. The appearance of  internal mercury in 
quantity in coin 7 suggests that here the metal had been applied. The subject requires investigation 
using provenanced samples. 

Turning to other sources mentioning mercurial plating, Oddy and Archibald" and La Niece12 
" W.A. Oddy and M.M. Archibald, 'The Technique of  Some Forged Medieval Silver Pennies' in British Museum Occasional 

Paper No. 18 (1980), pp. 81-90. 
12 S. La Niece, 'Metal Plating and Patination' in Metal  Plating  and Patination,  edited by S. La Niece and P. Craddock, 

Butterworth, (London, 1993), pp. 201-10. 
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have described silvered forgeries  of  early medieval coins, and the latter author13 in her description 
of  the processes of  silvering refers  to the use by the Chinese of  mercury in the first  century AD. 
Possible use of  mercury is not excluded by lack of  availability at the time. The availability of  mer-
cury in Britain even before  the period of  issue of  the coins tested (AD 820-970) is proved by its 
use in gilding. Its origin at this time is likely to be the Spanish deposit at Almaden. If  indeed the 
mercury was applied at the time of  minting, it was pointed out to us by Miss M. Archibald (pers. 
comm. to E.J.H.) that the moneyers, who were also merchants and known as 'pepperers' on 
account of  the spices they carried,14 were engaged in trade either directly or via France with Spain, 
so mercury would have been available to them. At a later date the names of  moneyers, notably 
Deorman, on English coins are also recorded as being those of  money changers and merchants.15 
Excavations at the sites of  early mints might provide evidence for  the use of  mercury. Zinc, 
though not known at the time in Britain, was presumably added as brass made by a cementation 
process. It occurs in the Northumbrian styca coinage dating from  AD 810.16 

The variation of  the composition across the thickness of  the flan  of  specimens other than the 
first  contrasts the information  given by whole body analyses, as formerly  done by chemical meth-
ods, and that obtained by localised analyses obtainable by electron microscopy. The former  pro-
vides a weighted mean, and hence a value in terms of  silver content, while the latter applies only 
to the area scanned under the electron beam, and only to a depth of  a few  pm, but allows details of 
the consistency of  the composition to be examined. It is relevant that the high local concentrations 
of  mercury were usually only exposed as thin lines on the surface.  They could easily be missed or 
rendered insignificant  in a large area scan across an edge. The localisation of  mercury seen on our 
specimens 3-5 and 7 suggests that intact specimens of  known provenance could conveniently be 
tested qualitatively by laying them out flat  and directing the electron beam onto the surface.  This 
action would neither require special treatment nor lead to damage. 

13 S. La Niece, 'The Technology of  Silver-plated Coin Forgeries' in Metallurgy  in Numismatics,  Vol. Ill, edited by M. Archibald 
and M. Cowell, R.N.S Special Publication No. 23, (London, 1993), pp. 227-36. 

14 P. Nightingale, 'The Evolution of  Weight Standards and the Creation of  New Monetary and Commercial Links in Northern 
Europe from  the Tenth Century to the Twelfth  Century', EcHR  (1985), 2nd Series 38,192-209, and P. Nightingale 'The London 
Pepperers' Guild and Some Twelfth  Century English Trading Links with Spain', Brit. Inst.  Hist.  Res. 58, No. 138 (1985), 123-32. 

15 P. Nightingale, (1995) A Medieval  Mercantile  Community,  Yale University Press, New Haven and London, pp. 6-9 and 38-41. 
16 Harris, as in n.2, and Gilmore and Metcalf,  as in n.3. 
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