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Analytical  technique 
ALL specimens were examined by the energy dispersive X-ray fluorescence  technique. The 
coin or token was placed in the analysis position after  first  removing surface  corrosion by 
means of  a sharp scalpel from  a 2 to 3 mm width of  the edge to be analysed. Cleaning and 
analysis were performed  at least twice on the same spot, and repeated if  necessary until 
satisfactory  agreement had been obtained.1 Analytical readings on specimens were 
interpreted against a range of  known standards by means of  a computer programme. The 
calibration details were as follows: 

a. Copper-base alloys 
Metal Peak  intensity Calibration  range Minimum  Detectable Coefficient  of 

measured Level ('MDL') variation (1  sigma) 
Copper K-alpha (Cu base) — 1 - 2% relative 
Zinc (Ka), K-beta 0 - 40% 0.25% 1 - 2% 
Lead L-alpha, L-beta 0 - 5% 0.05% 5 - 10% 
Tin K-alpha 0 - 10% 0.22% 5 - 10% 
Iron K-alpha 0 - 0.4% 0.05% 10 - 20% 
Nickel K-alpha 0 - 1% 0.02% 10 - 20% 
Arsenic (Ka), K-beta 0 - 3% 0.18% 10 - 20% 
Silver K-alpha 0 - 1% 0.05% 10 - 20% 
Antimony K-beta 0 - 3% 0.10% 10 - 20% 

Because of  severe peak overlap the zinc, arsenic and antimony K-beta peaks were used to 
quantify  these metals. The relevant overlaps are Cu K-beta with Zn K-alpha, Pb L-alpha 
with As K-alpha and Sn K-beta with Sb K-alpha. In the calibration procedure all intensities 
were ratioed to the copper K-alpha intensity to reduce the problems of  long term drift  and 
to minimise geometry and surface  condition problems. The Minimum Detectable Level 
('MDL') of  a metal is calculated statistically as being the concentration which gives a peak 
equal to twice the square root of  the background above that background (2 sigma sd.). 

b. Tin-lead base alloys 
A series of  binary tin-lead alloys provided the major group of  standards and to these were 
added further  standards containing small amounts of  other metals: for  instance 1.5 per cent 
copper in a 50 : 48.5 / tin : lead matrix. 

1 For details see M. Robinson and A. M. Pollard, 
'Analysis of  Burmese coins by X-ray fluorescence',  N  Circ 
1983, 263-66 and 293-96. M. B. Mitchiner and A. Skinner, 
'English tokens: c. 1200 to 1425', BNJ  53 (1983), 29-77; 

M. B. Mitchiner and A. Skinner, 'Contemporary forgeries  of 
English silver coins and their chemical compositions: Henry 
III to William III', NC  (1985), 209-36; and the references 
cited therein. 
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Metal MDL Coefficient  of  variation (1  sigma) 
Tin 0.27% (in a lead matrix) 2% relative 
Lead 0.10% (in a tin matrix) 2% 

Copper 0.06% (in a tin matrix) 10% 
Silver 0.21% (in a tin matrix) 10% 
Antimony 0.5% (in a tin matrix) 10% 

Copper 0.07% (in a lead matrix) 10% 
Silver 0.12% (in a lead matrix) 10% 
Antimony 0. 5% (in a lead matrix) 10% 

The calibration ranges for  Copper, Silver and Antimony were 0 - 5 per cent. Specimens 
were also inspected for  Iron (Fe: MDL 0.05 per cent) and Zinc (Zn: MDL 0.5 per cent), 
but calibration of  those metals is approximate. 

I.  Rose farthings  of  Charles  I:  issued  1635-1649 
All six specimens examined were of  standard type (Seaby2 3201 - 07) on a copper flan  with 
a brass wedge inserted at the top, with the exception of  no. 3, where the brass wedge ran 
from  top to bottom, and no. 5 which had no detectable wedge at all. The results of  the 
analyses were as follows:3 

Weight  Cu 
g % 

1. Copper 
Brass 

1.00 94.8 
79.5 

2. Copper 
Brass 

0.80 96.3 
82.6 

3. Copper 
Brass 

2.00 92.3 
86.2 

4. Copper 
Brass 

0.62 94.4 
77.3 

5. Copper 
Copper 

0.70 95.9 
92.2 

6. Copper 
Brass 

0.55 91.7 
77.2 

Zn Sn Pb Ag 
% % % % 
4.0 - 0.57 0.21 

18.2 0.41 1.15 0.16 
2.2 _ 0.62 0.25 

16.4 - 0.33 0.18 
2.8 0.33 4.05 0.17 

11.9 0.44 0.81 0.18 
1.8 — 0.90 0.55 

20.7 0.69 0.82 -

1.1 — 1.81 — 

2.2 - 3.01 0.27 
3.0 _ 4.00 0.58 

20.5 0.94 0.95 0.06 

Ni As Sb Fe 
% % % % 
— — 0.19 0.15 

0.05 - 0.13 0.40 
_ 0.30 0.19 0.12 
- - - 0.34 
_ _ - 0.22 

0.05 - - 0.36 
_ — f  t^r 0.27 

0.08 - tr 0.43 
_ 0.25 0.21 0.49 
- - 0.21 1.08 
— - - 0.34 
_ - - 0.32 

The composition of  the copper planchet is thus as follows: 

mean standard  deviation 
Copper 93.9% 1.9 n = 7 
Zinc 2.4% 0.9 
Tin minimal 
Nickel minimal 
Lead up to 4% (variable) 
Silver 0.29% 0.20 

2 P. Seaby and P. F. Purvey, Standard  catalogue  of 
British  coins, vol.  1. Coins  of  England  and the United 
Kingdom,  19th edn. (London, 1982). See also C. W. Peck, 
English  copper, tin  and bronze coins in the British  Museum: 
1558-1958, 2nd edn. (London, 1970), pp. 45 If.;  R. Ruding, 
Annals of  the coinage of  Great  Britain  and its  Dependancies, 
3rd edn., 3 vols. (London, 1840), I, 389-99, 403.; T. 

Snelling, A view of  the copper coin and coinage of  England 
(London, 1766), p. 9. 

3 Standard chemical symbols are used for  metals: Cu, 
copper: Zn, zinc: Sn, tin: Pb, lead: Ag, silver: Ni, nickel: 
As, arsenic: Sb, antimony: Fe, iron. Weights are cited in 
grammes. Diameters (infra)  are in millimetres, but thickness 
is in thousandths of  an inch. 
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The alloy is commonly 94 per cent copper with 2Vi  per cent zinc and some lead (V2 - 4 per 
cent). The mean 'zinc + lead' level is 4.72 per cent (SD 1.75)4 - so one could cite the 
overall composition as 94 per cent copper with 5 per cent 'zinc + lead'. The copper is 
argentiferous,  but with a minimal nickel content. 

The composition of  the brass wedge is as follows: 

mean standard  deviation 

Normal 
Copper 79.15% 2.5 n = 4 
Zinc 19.0% 2.0 

Low zinc brass 
Copper 86.2% - n = 1 
Zinc 11.9% 

Other metals 
Tin below 1% 
Nickel minimal 
Lead 0.81% 0.3 n = 5 
Silver 0.12% 0.1 

In modern terms one would call the normal composition an 80 : 20 brass containing 3A per 
cent lead and a trace of  silver. 

Source of  copper 
The minimal nickel content, both of  the copper planchets and also of  the brass wedges, 
implies that all the copper used for  making these farthings  originated from  western mines 
situated in Sweden or in England and that the copper did not come from  Central European 
mines situated in the Harz mountains or in the Austro-Hungarian region. This conclusion 
is valid for  the period under discussion because sufficient  evidence is available to show that 
only nickeliferous  copper ores were then being worked in the Harz-Austria-Hungary 
region.5 However, English copper refined  from  mines in Cornwall is arsenical6 and the 
same would also appear to be true of  Anglesey copper. The arsenic content of  refined 
Cumbrian copper is not documented, though one may suspect that it is of  the same nature. 

4 SD - standard deviation (n - 1) 
5 M. B. Mitchiner, C. Mortimer and A. M. Pollard, 

'Nuremberg and its jetons, circa 1475 to 1888: chemical 
compositions of  the alloys and the information  this 
provides', submitted for  publication. See also O. Werner, 
'Analysen mitelaiterlicher bronzen und messinge', II und 
III, Archaologie  und Naturwissenschaften  2 (1981), 106-70; 
J. Riederer, 'Metallanalysen von statuetten der 
Wurzelbauerwerkstatt in Nurnberg', Berliner  Beitrage  zur 
Archaometrie  5 (1980), 43-58; J. A. Phillips and H. Louis, A 
treatise  on ore deposits,  2nd edn. (London 1896), especially 
pp. 425-60. For export of  Central European copper to the 
west from  the late fifteenth-century  onwards (Fugger), see 
J. N. Ball, Merchants  and merchandise:  the expansion of 
trade  in Europe: 1500-1630 (London, 1971); J. A. van 
Houtte, An economic history  of  the Low Countries, 
800-1500 (London, 1977). It should be emphasised that 
these comments on nickel refer  to the period under 
discussion. The situation was to alter in the eighteenth 

century; see Mitchiner, Mortimer and Pollard, Nuremberg 
jetons. 

6 Copper refined  from  oxide ores tends to retain its 
arsenic whereas the higher temperatures required for 
smelting sulphide ores induce loss of  arsenic through 
volatalisation. See R. F. Tylecote, H. A. Ghaznavi and 
P. J. Boydell, 'Partition of  trace elements between the ores, 
fluxes,  slags and metal during the smelting of  copper', 
J.  Arch. Sci.  4 (1977), 305-33; R. F. Tylecote, 'Summary of 
results of  experimental work on early copper smelting", in 
Aspects of  Early  Metallurgy,  edited W. A. Oddy, BM. 
Occasional Paper 17 (1980). See also R. P. Edwards and 
J. A. Charles, 'A preliminary report on the trace element 
content of  Cornish copper ores with particular reference  to 
archaeological provenance studies', Journal  of  the 
Camborne  School  of  Mines  82 (1982), 49-55; R. Chadwick, 
'Copper I: Alloy to pure metal'. Historical  Metallurgy  19 
(1985), 8-11. 
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Swedish copper, on the other hand, is of  a non-arsenical type at this period.7 Charles I's 
rose farthings  are made of  copper that is sometimes arsenical and sometimes non-arsenical: 
a duality that persists through the series of  mid-century tokens. This would suggest that 
copper available on the English market at this time was partly local English copper 
(Cumbrian) and partly imported Swedish copper. 

Purity of  the copper 
The copper planchets of  rose farthings  are in some ways remarkable for  the low purity of 
their copper - a mere 94 per cent on average. One can readily dismiss the possibility that 
this was the best contemporary technology could achieve by looking at the purity of  earlier 
West European copper artefacts.  Copper of  98 per cent purity was in common use in 
England from  the beginning of  the fourteenth  century for  such artefacts  as badges and 
copper of  99 per cent purity was used in the Low Countries for  jetons from  the middle of 
the fifteenth  century onwards. The following  analyses are representative: 

Cu 
% 

Zn 
% 

Sn 
% 

Pb 
% 

Ag 
% 

Ni 
% 

As 
% 

Sb 
% 

Fe 
% 

England 
17. Lion rampant: early 14th century Royalist badge8 

18. " (same design) 
19. Copper pin of  early Tudor horse brass: early 16th century 

97.6 
97.8 
98.1 

0.6 
0.9 
0.4 0.22 

0.50 
0.60 
0.81 

0.15 
0.24 
0.14 0.03 

0.37 
0.25 

0.44 
0.13 

0.07 
0.10 
0.08 

Low Countries 
20. Jeton dated 1468 (Dugniolle 175)9 

21. Jeton dated 1468 (Dugniolle 172) 
98.9 
99.4 

- - 0.76 
0.18 

0.32 
0.32 

- - - 0.07 
0.12 

English contemporary forged  farthings 
22. James I, Lennox farthing  (cf.  Seaby 2677-80) 
23. Charles I, Richmond farthing  (cf.  Seaby 3182) uniface 

99+ 99+ (traces only) 
(traces only) 

forgery  with CARA legend 
These two pieces (each weighing 0.35 g) were analysed (by the same programme) in a separate context and details of  the 
trace elements are not available. 

The use of  94 per cent copper for  rose farthings  would therefore  appear to reflect 
debasement of  the high purity copper (98-99+ per cent) that was commercially available in 
Western Europe. If  one looks more closely at the composition of  rose farthings  it is 
apparent that zinc and lead are the two major metals alloyed with the copper. The effect  of 
adding these metals would be to increase malleability of  the copper and to lower its melting 
point. It may well be that high purity copper was found  to be too brittle to sustain a stable 
bi-metallic flan  - hence alloying to produce a stable copper-brass coin flan.  The observed 
alloy could easily have been produced by adding small amounts of  scrap brass and of  lead 
to commercial grade high purity copper. Brass used for  making statues and other castings 
often  contains a substantial concentration of  lead, but the lead content of  rose farthings  is 
too high, in relation to their zinc content, for  one to conceive that the lead was introduced 
in the form  of  scrap brass. The additions of  zinc and of  lead should be conceived as two 
separate functions.  The lead was presumably added intentionally to improve the mal-

7 Emphasis should be placed on relating this statement to 
the period under discussion; a time when copper sulphide 
ores were being extracted from  the Swedish Falun complex. 
During the thirteenth to fifteenth  centuries Swedish copper 
did contain a significant  amount of  arsenic (oxide ores): for 
examples, see M. B. Mitchiner and A. M. Pollard, 'Reck-
oning counters: patterns of  evolution in their chemical 
composition', British Museum and Royal Numismatic 
Society symposium on the use of  scientific  techniques for 

studying the coinage of  Europe and the Mediterranean 
World: AD 500-1500, British Museum, 6-7 April 1984 
(proceedings to be published). 

8 Badges to be published. 
9 J.-F. Dugniolle, Le jeton historique  des  dix-sept  prov-

inces des  Pays-Bas, 5 vols. (Brussels 1876-1880). See M. B. 
Mitchiner, C. Mortimer and A. M. Pollard, 'The alloys of 
Continental copper-base jetons (Nuremberg and medieval 
France excepted)', to be published. 
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leability of  the metal. But in the case of  zinc two possibilities exist. Zinc could have been 
added intentionally in the form  of  scrap brass. On the other hand, it is equally likely that 
the presence of  some zinc in the copper planchet is an electro-chemical corrosive artefact. 
Immersion of  a bi-metallic specimen in water tends to set up an electro-chemical corrosion 
cell. This process could have resulted in some zinc being mobilised from  the brass wedge 
and diffusing  into the copper planchet. 

Brass wedge 
The zinc content of  close to 20 per cent observed for  Charles I's rose farthings  is 
comparable with the documented quality of  locally manufactured  English brass and it is 
also close to the quality of  brass favoured  for  the majority of  contemporary Dutch and 
Nuremberg jetons. Jetons of  the Low Countries were usually made of  high grade copper, 
but the occasional brass specimens show zinc contents close to 20 per cent. Nuremberg 
jetons had zinc contents in the order of  20 per cent until the advent of  the Lauffer  family, 
who raised the mean zinc content of  their wares to around 25 per cent during the second 
quarter of  the seventeenth century.10 

II. Mid-seventeenth-century  (1648-72)  tokens  made  of  copper and  of  brass 
The tokens described below represent a random sample. When the present project was 
undertaken it was decided to analyse all forty-six  tokens that one of  the co-authors had 
obtained from  sundry sources over a period of  some three decades. It is fortunate  that the 
sample includes some West Country tokens that have a particular technical and historical 
interest due to their high zinc contents. They provide some of  the earliest evidence for  the 
actual use of  Prince Rupert's metal, a high zinc brass whose manufacture  requires the use 
of  some metallic zinc. 

PRIVATE TOKENS 
London and Home Counties 
24. London, farthing,  undated 
25. London, farthing,  undated 
26. London, farthing,  undated 
27. London, halfpenny,  1666 
28. London, halfpenny,  1667 
29. Ould Brantford,  halfpenny,  1668 
30. New Brantforde,  farthing,  1651 
31. King's Langley, farthing,  1656 
32. St Mary Cray, farthing,  1658 
33. Ightam, farthing,  1666 
34. Milton-next-Sittingbourne, farthing,  undated 
35. Guildford,  farthing,  1668 
East Anglia 
36. Yarmouth, farthing,  1656 
Midlands 
37. Cambridge, halfpenny,  1668 
38. Banbury, farthing,  undated 

James Stephens 
Lambe Tavern 
White Horse 
John Booth 
Richard Midlaton 
Edward Swift 
John Moore 
Christo. Buckcuk 
Ann Manning 
John Wagghorne 
William Bissy 
F.M.F.S. 

Williamson,11 London no. 1154 
Williamson, London no. 3043 var. 
Williamson, London no. 2458 
Williamson, London - : but cf.  3028-9 
Williamson, London no. 2931 
Williamson, Middlesex no. 21 
Williamson, Middlesex no. 19 
Williamson, Hertfordshire  no. 135 
Williamson, Kent no. 485 
Williamson, Kent no. 363 
Williamson, Kent no. 429 
Williamson, Surrey no. 98 

William Bateman Williamson, Norfolk  no. 297 

Thomas Ewin 
Mathew Ansley 

Williamson, Cambridge no. 39 
Williamson, Oxfordshire  no. 7 

1 0 Mitchiner, Mortimer and Pollard, the papers on 
Nuremberg jetons and on Continental jetons. Production 
data for  the first  batches of  English Tintern brass made by 
the Elizabethan Company of  Mineral and Battery works in 
1568 correspond to zinc contents for  the brass of  20 per cent 
and 23.8 per cent; see M. B. Donald, Elizabeth  Monopolies: 

the history  of  the Company of  Mineral  and Battery  Works, 
1568-1604 (London, 1961). 

1 1 G. C. Wiliamson, Trade  tokens issued  in the Seventeenth 
Century  in England,  Wales  and Ireland,  (1889-91);  reprint in 
3 vols. (London, 1967). 
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39. Oxford,  farthing,  1652 
40. same issue, different  dies 
West Country 
41. Bridgewater, farthing,  1652 
42. Bridgewater, farthing,  1654 
43. same issue, different  reverse die 

The Mayor Williamson, Oxfordshire  no. I l l 

William Sealy Williamson, Somerset no. 72 
William Sealy Williamson, Somerset no. 73 

Results 
Weight Thickness Cu Zn Sn Pb Ag Ni As Sb Fe 
g thou % % % % % % % % % 

24. London 2.00 20 98.6 0.2 0.31 0.29 0.11 _ 0.21 0.21 j j —>#>. 

25. London 1.98 30 92.4 4.8 1.06 0.75 0.10 0.06 0.27 0.13 0.42 
26. London 1.85 20 81.5 17.4 0.17 0.27 0.10 - 0.19 0.16 0.16 
27. London, 1666 1.80 34 72.5 26.3 - 0.71 0.08 _ _ _ 0.12 
28. London, 1667 1.80 23 98.3 0.4 0.24 0.39 0.07 - 0.34 0.19 0.05 
29. Old Brantford,  1668 2.05 31 98.8 0.3 _ 0.20 0.15 _ - 0.13 0.12 
30. New Brantford,  1651 0.80 23 92.6 5.5 0.67 0.49 0.15 _ _ 0.12 0.29 
31. Kings Langley, 1656 0.90 22 77.8 20.9 0.28 0.52 0.17 - - 0.11 0.10 
32. St. Mary Cray, 1658 0.80 19 82.6 15.8 0.54 0.44 0.13 - - 0.20 0.21 
33. Igtham, 1666 0.98 23 98.7 0.3 0.25 0.24 0.11 - - 0.19 -

34. Milton, Kent 0.92 24 92.0 5.0 0.85 1.38 0.21 - - 0.18 0.32 
35. Guildford,  1668 0.40 16 78.6 20.2 - 0.67 0.10 - - _ 0.21 
36. Yarmouth, 1656 0.45 21 92.3 5.8 0.51 0.56 0.07 - _ 0.21 0.27 
37. Cambridge, 1668 2.32 40 99.1 0.3 - 0.14 0.08 - - - -

38. Banbury 0.80 24 88.3 10.0 0.25 0.97 0.08 - - 0.14 0.12 
39. Oxford,  1652 1.08 25 93.7 4.4 0.54 0.48 0.13 0.10 0.24 0.22 0.16 
40. Oxford,  1652 1.38 29 92.8 5.3 0.65 0.48 0.12 0.09 - 0.20 0.28 
41. Bridgewater, 1652 0.80 23 69.9 28.5 - 1.07 0.14 - - - 0.15 
42. Bridgewater, 1654 1.05 22 64.5 34.2 - 0.86 - - - - 0.19 
43. Bridgewater, 1654 1.00 19 64.4 34.6 0.24 0.35 - 0.08 - - 0.19 

The copper moiety of  the token alloy has a minimal nickel content, but comes from  an 
argentiferous  source. The alloy, itself,  ranges from  a high purity copper (99 per cent) to a 
high zinc brass (Zn 34.6 per cent). But variation in the composition of  the alloy is far  from 
random. Five particular compositions appear to have been preferred: 

a) Pure copper (Cu 98-99%) n = 
b) Low zinc brass n = 
c) Standard calamine brass n = 
d) Higher zinc brass (granulated Cu?) n = 
e) High zinc brass (Prince's metal?) n = 
(only two readings lie outside the populations cited: 

5 (Zinc-trace) below 0.5% 
7 (mean Zn 5.1%) 4.4, 4.8, 5.0, 5.3, 5.3, 5.5, 5.8 
4 (mean Zn 18.6%) 15.8, 17.4, 20.2, 20.9 
1 28.5 
2 (mean Zn 34.4%) 34.2, 34.6 

these show zinc contents of  10.0 and 26.3) 

These are each closely knit populations whose significance  will be discussed when the civic 
tokens have been considered. 

CIVIC TOKENS 
44. Kings Lynn, farthing,  1668 
45. Kings Lynn, farthing,  1669 
46. Great Yarmouth, 1667 
47. Norwich, farthing,  1667 
48. Norwich, farthing,  1668 
49. Norwich, farthing,  1670 
50. Ipswich, farthing,  1670 
51. Lowestoft,  farthing,  undated (c. 1669) 
52. Diss, farthing,  1669 
53. Coventry, halfpenny,  1669 
54. Coventry, halfpenny,  1669 
55. Wells, 1669 
56. Gloucester, 1657 

Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 
Williamson, 

Norfolk  no. 63 
Norfolk  no. 65 
Norfolk  no. 285 
Norfolk  no. 225 
Norfolk  no. 227 
Norfolk  no. 228 
Suffolk  no. 158 
Suffolk  no. 224 
Norfolk  no. 27 
Warwickshire no. 55 
Warwickshire no. 55 var. 
Somerset no. 301 
Gloucester no. 77 
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57. Gloucester, 1657 
58. Gloucester, farthing,  1669 
59. Tetbury, farthing,  1669 
60. Axminster, farthing,  undated 
61. Taunton, farthing,  1667 
62. Bristol, farthing,  1652 
63. similar 
64. Bristol, farthing,  1652 
65. Bristol, farthing,  1660 
66. Bristol, farthing,  1662 
67. Bristol, farthing,  1662 
68. Bath, farthing,  1670 

Williamson, Gloucester no. 79 
Williamson, Gloucester no. 81 
Williamson, Gloucester no. 163 
Williamson, Devon no. 10 
Williamson, Somerset no. 226 
Williamson, Gloucester no. 12 

Williamson, Gloucester no. 13 
Williamson, Gloucester no. 16 
Williamson, Gloucester no. 18 
Williamson, Gloucester no. 19 
Williamson, Somerset no. 6 

Results 
Weight Thickness Cu Zn Sn Pb Ag Ni Sb Fe 
g thou % % % % % % % % % 

44. Kings Lynn, 1668 2.80 39 98.9 0.2 0.25 0.32 0.07 _ 0.20 _ _ 
45. Kings Lynn, 1669 2.00 31 98.3 0.3 0.26 0.60 0.20 - 0.27 - -

46. Great Yarmouth, 1667 2.75 48 67.8 31.5 - 0.35 - - - - 0.13 
47. Norwich, 1667 3.34 51 93.8 4.5 0.35 0.54 0.13 - 0.45 - 0.21 
48. Norwich, 1668 3.30 40 99.2 0.4 _ - - - _ - _ 
49. Norwich, 1670 4.10 46 98.4 0.4 0.23 0.46 0.11 - 0.27 0.11 _ 
50. Ipswich, 1670 1.75 23 98.8 0.3 0.26 0.35 0.10 - _ - 0.05 
51. Lowestoft 3.70 42 98.7 0.3 0.26 0.45 0.09 - _ _ _ 
52. Diss, 1667 1.50 22 98.5 0.2 0.24 0.18 - 0.08 0.23 0.29 _ 
53. Coventry, 1669 3.95 43 98.5 0.3 - 0.59 0.11 - - 0.24 -

54. Coventry, 1669 2.70 32 98.9 0.3 0.24 0.24 0.06 - 0.18 0.10 -

55. Wells, 1669 1.52 21 72.5 26.3 _ 0.77 - - _ - 0.08 
56. Gloucester, 1657 3.36 44 95.7 2.5 0.65 0.54 - 0.05 - 0.15 0.20 
57. Gloucester, 1657 3.00 38 92.1 6.0 0.64 0.47 - 0.07 _ 0.23 0.33 
58. Gloucester, 1669 2.06 25 98.7 0.4 0.26 0.31 0.08 - _ 0.13 _ 
59. Tetbury, 1669 2.20 29 98.8 - 0.27 0.52 0.14 - - - -

60. Axminster 1.94 28 98.7 0.3 0.23 0.35 0.13 - 0.25 - _ 
61. Taunton, 1667 2.75 32 65.9 32.4 - 1.15 - - _ 0.10 0.17 
62. Bristol, 1652 2.20 20 93.8 4.9 0.38 0.35 0.11 - 0.23 _ 0.18 
63. Bristol, 1652 2.95 45 93.9 4.6 0.44 0.51 0.06 0.06 _ 0.25 0.08 
64. Bristol, 1652 3.50 39 93.4 4.8 0.37 0.69 - - 0.20 0.30 0.12 
65. Bristol, 1660 2.45 32 92.3 5.5 0.72 0.51 0.48 0.06 _ _ 0.32 
66. Bristol, 1662 2.55 35 93.4 4.0 0.42 0.34 - - 0.87 0.16 0.76 
67. Bristol, 1662 2.55 24 93.8 5.0 0.25 0.41 0.13 - - 0.17 0.21 
68. Bath, 1670 2.62 36 98.5 0.5 0.20 0.35 0.09 - 0.23 - -

The metals used for  civic tokens share much in common with those used for 
contemporary private tokens, as might be expected. In both cases the copper comes from 
an argentiferous,  but non-nickeliferous,  source and has a level of  arsenic that tends to 
correlate inversely with the zinc content. The alloy also tends to show low levels of  tin and 
lead. As in the case of  private tokens the types of  alloy used for  civic tokens range from 
high purity copper (99 per cent) to high zinc brass (Zn 32.4 per cent). But, beyond these 
basic similarities, the civic and private populations diverge. The civic tokens show a distinct 
preference  for  the use of  high purity copper (98-99 per cent) and low zinc brass (Zn 5 per 
cent) and none of  those examined here is made of  standard calamine brass (Zn around 20 
per cent). The distribution is as follows: 

a) Pure copper (Cu 98-99%) n = 13 (Zinc-trace) below 0.5% 
b) Low zinc brass n = 8 (mean Zn 4.9%) 4.0, 4.5, 4.6, 4.8, 4.9, 5.0, 5.5, 6.0 
c) Standard calamine brass 
d) Higher zinc brass (granulated Cu?) n = 2 (mean Zn 32.0%) 31.5, 32.4 
e) High zinc brass (Prince's metal?) 
(only two readings lie outside the populations cited: these show zinc contents of  2.5 and 26.3) 
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When the analytical results for  private and civic tokens are combined the following 
pattern of  recipes for  the preferred  alloys emerges: 

a) High purity copper 
mean 

Copper 98.69% 
Zinc trace 
Tin trace 
Lead 0.33% 
Silver 0.09% 
Nickel minimal 
Arsenic 9 tokens - minimal (below MDL) 

9 tokens - arsenical (mean 0.24%: SD 0.05) 

This recipe was popular throughout the spectrum of  both private and civic tokens. It 
appears to represent the quality of  high grade copper that was available on the general 
commercial market in England during the middle decades of  the seventeenth century. The 
levels of  nickel and of  silver indicate an argentiferous,  but non-nickeliferous,  source for  the 
copper and in the context of  the seventeenth century these specifications  were cha-
racteristic of  West European ores mined in England and in Sweden. The historical 
evidence12 indicates that the mining of  new copper had virtually ceased in England by the 
time this class of  token was produced. This suggests that imported Swedish copper was a 
likely source for  some of  the metal and that re-cycled scrap copper of  English origin might 
have made up the balance. The observation that half  the tokens are made of  arsenical 
copper (English characteristic) and half  are made of  non-arsenical copper (a Swedish 
characteristic) would seem to imply that substantial amounts of  both English and Swedish 
coppers were available on the English market. 

b) Low zinc brass 
mean 

Copper 93.02% 
Zinc 5.01% 
Tin 0.56% 
Lead 0.57% 
Silver 0.12% 
Nickel minimal 
Arsenic 8 tokens - minimal (below MDL) 

6 tokens - arsenical (mean 0.38%: SD 0.26) 

Contemporary references  to brass manufacture  are couched in terms of  augmenting the 
weight of  copper when converting it into brass by the calamine process. Such references 
relate13 to the manufacture  of  brass with a zinc content in the order of  from  20 per cent up 
to 28 per cent. In practice, brass with a zinc content fairly  close to 20 per cent enjoyed 
widespread popularity for  the manufacture  of  jetons and other small artefacts  at the period 
under discussion. Much the same quality of  brass is seen in the brass wedges of  the rose 
farthings  considered above. 

The low zinc brass that proved popular for  making tokens would not have been made in 
the observed quality - even if  that were technically possible at the time. This low zinc brass 
was almost certainly produced from  standard calamine brass by alloying it with copper. 

standard  deviation 
0.25 n = 18 

0.16 
0.05 

standard  deviation 
0.73 n = 14 
0.56 
0.22 
0.26 
0.12 

1 2 R. F. Tylecote, A history  of  Metallury  (London, 1976); 1 3 For instance, the production data for  English Tintern 
Donald, Elizabethan  Monopolies',  Phillips and Louis, Ore brass cited by Donald in Elizabethan  Monopolies. 
Deposits. 
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One part of  standard calamine brass in the prevailing 80:20 quality (to use modern 
terminology) alloyed with three parts of  commercial high grade copper would produce a 
low zinc brass with a zinc content in the order of  5 per cent. In practice the alloying process 
would probably involve a slight loss of  zinc through volatilisation, so the recipe would 
require appropriate adjustment. 

Why would someone take the trouble to alloy calamine brass down to a low zinc alloy? 
This is a question that must be considered in the light of  contemporary economic 
circumstances. By the time these tokens were made England was effectively  neither a 
miner of  copper, nor a manufacturer  of  brass. Copper had to be imported or re-cycled and 
so did brass, but it was cheaper to import copper to England than brass. One consequence 
seems to have been that during the period of  the Civil War and ensuing decades it was 
fairly  common practice in England to alloy brass down to a lower zinc content - a practice 
not restricted to the field  of  tokens now being considered. Some of  the brass being used 
was probably re-cycled scrap; the slight increase in the levels of  tin and lead might lend 
support to this view. 

The general appearance of  a token made of  low zinc brass differs  only slightly from  that 
of  a copper token, so one might go on to ask why the 5 per cent zinc alloy was used about as 
often  as unalloyed copper. The answer can probably be found  in two advantages imparted 
by the presence of  zinc. In some respects the addition of  zinc may be compared with that of 
tin (as in bronze). The added metal slightly lowers the melting point of  the copper but, 
more important, it significantly  increases its malleability. So the 5 per cent zinc alloy makes 
the copper flan  less brittle and easier to strike with a die. The second benefit  imparted by 
the added metal, either zinc or tin, is an increased resistance to corrosion. In this respect 
tin is more effective  than an equal concentration of  zinc and a higher quality brass is 
necessary for  producing significant  resistance to corrosion.14 It may be noted that this 
quality of  low zinc alloy remained popular in France for  jetons until the beginning of  the 
eighteenth century - a contrast with the high grade copper preferred  for  contemporary 
jetons of  the Low Countries.16 

c) Standard calamine brass 
Calamine brass with a zinc content in the order of  20 per cent was in fairly  general use at 
this period for  making such artefacts  as jetons, coin weights, badges and dress fittings.  This 
was the quality of  Nuremberg brass used throughout much of  the sixteenth and the earlier 
part of  the seventeenth century for  jetons; though with minor variations between different 
firms  of  jeton-masters. The same quality brass was used for  pilgrim badges made in 
England during the early sixteenth century, for  a number of  jetons and tokens struck in the 
Low Countries (a region where copper was generally preferred  to brass for  such artefacts) 
and the brass wedges in English rose farthings  of  Charles I. 

The results of  analyses on the present group of  tokens provide the following 
composition: 

1 4 E. G. West, Copper  and its  alloys  (Chichester, 1982). 
See also K. F. Skidmore and H. Schwartzbart, 'Corrosion 
and dezincification  of  brasses in water', J.  Test.  Eval.  4 
(1976), 426-33: T. S. Weisser, 'The de-alloying of  copper 
alloys', in Conservation  in Archaeology  and the Applied  Arts 
(Stockholm Congress, 1975). 

1 5 Described as latten in the Paris mint documents quoted 
in A. d'Affry  de la Monnoye, Les jetons de  I'echevinage 
Parisien  (Paris, 1878). For chemical compositions see 
Mitchiner, Mortimer and Pollard, 'Continental jetons'. 

1 6 Mitchiner, Mortimer and Pollard, 'Continental jetons'. 
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mean 
Copper 80.13% 
Zinc 18.58% 
Tin 0.25% 
Lead 0.48% 
Silver 0.13% 
Nickel minimal 
Arsenic minimal (one at MDL, rest below MDL) 

standard  deviation 
2.29 
2.39 
0.23 
0.17 
0.03 

n = 4 

The composition is characteristic, but the fairly  small number of  specimens suggests that 
standard commercial grade calamine brass was not a particularly popular alloy for  making 
seventeenth-century tokens. Inspection of  many more specimens suggests that the low 
proportion of  tokens made in this alloy among the present sample is reasonably 
representative of  the whole series. The reason for  the unpopularity of  high zinc alloys is 
probably to be found  in the economic factors  outlined in the previous section. Because 
England was effectively  not a manufacturer  of  brass at this time, the alloy had to be either 
imported or else re-cycled from  old scrap. Considerations of  cost appear to have militated 
in favour  of  a low zinc brass (Zn 5 per cent) and against commercial grade calamine brass 
(Zn 20 per cent), at least so far  as tokens were concerned. 

d-e) High zinc brass 
Tokens made of  high zinc brass have particular metallurgical interest because the 
composition of  their brass provides evidence of  two technological advances not manifest 
elsewhere among present analyses. The analytical results for  all tokens with a zinc content 
above 28 per cent, which is the upper limit of  calamine brass not using the granulated 
copper technique, are as follows: 

mean standard 
Copper 66.50% 2.35 
Zinc 32.24% 2.45 
Tin minimal (below MDL in 4 out of  5) 
Lead 0.76% 0.39 
Silver minimal (below MDL in 4 out of  5) 
Nickel minimal (below MDL in 4 out of  5) 
Arsenic minimal (all below MDL) 

out of  5) 

High zinc brasses with a zinc level between 28 per cent and 33 per cent could not have 
been made by the traditional calamine process using lump copper, but zinc levels in this 
range can be achieved using the granulated copper modification  of  the calamine process. 
High zinc brass with a zinc level above 33 per cent would have required the addition of  at 
least some metallic zinc during manufacture.  When the present tokens are separated into 
two groups according to whether their zinc concentration is between 28 per cent and 33 per 
cent, or above 33 per cent, the distribution is as follows: 

d) High zinc brass containing 28-33% zinc (granulated copper process?) 
mean standard  deviation 

Copper 67.87% 2.00 n = 3 
Zinc 30.80% 2.04 

e) High zinc brass containing more than 33% zinc (Prince Rupert's metal?) 
mean standard  deviation 

Copper 65.20% 0.99 n = 2 
Zinc 34.40% 0.28 
Trace elements are substantially the same for  groups d and e. 
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The high zinc brasses differ  from  the metals already considered not only in respect of 
their copper-zinc component, but also in respect of  their trace elements. As a population 
the high zinc brasses show a consistent reduction in the levels of  silver and of  tin plus a 
slight, though obvious, rise in their lead content. These differences  might well have 
occurred if  the high zinc brasses had come from  a different  source than the other metals 
considered previously. The altered levels of  tin and lead can probably be accounted for  by 
differences  in foundry  practice during the process of  brass-making - a conclusion that is 
consistent with the suggested view that the high zinc brass was imported from  the 
Netherlands. The minimal silver content is more likely to reflect  a difference  in either the 
source or the refining  process for  the copper. Whereas previous tokens considered in the 
present paper have been made in argentiferous  copper, the present high zinc tokens are 
non-argentiferous.17 

The differing  trace element compositions seen for  the various classes of  token alloy fall 
into three distinct categories, two of  which have already been considered: 

a + b c d  + e 
Nickel 
Silver + + + + + + 
Arsenic 50% ++ / 50% — 

Copper (a) Calamine brass (c) Higher zinc brass (d) 
Low zinc brass (b) High zinc brass (e) 
(Zn: trace/c.5%) (Zn: c.20%) (Zn: 28-33%/33+%) 

The use of  non-argentiferous  copper requires further  comment. Hitherto all artefacts 
made of  non-nickeliferous  copper (Swedish-English type at this period) have shown a 
measurable silver content. Argentiferous  copper ores are fairly  widely distributed geo-
graphically and recovery of  silver from  such ores is documented in the case of  England 
(Cumbrian copper),18 Sweden (Falun copper),19 the Harz (Clausthal and Zellerfeld 
coppers),20 Austria (Tyrol copper) and Japan.2 1 But the process of  de-silverisation, as 
practised in the seventeenth century, was not efficient  enough to remove all traces of  silver 
from  artefacts  examined in the present study: notably the coins and jetons from  Sweden, 
Clausthal and Zellerfeld22  discussed above. 

In the case of  the high zinc tokens one is either seeing the results of  improved efficiency 
in the de-silverisation process, or else the importation of  copper from  a non-argentiferous 
source. The nearest major source of  non-argentiferous,  non-nickeliferous  copper ore is 
Cyprus. Although the use of  Cypriot ore does not appear to have been documented in 
either the Low Countries or in England during the seventeenth century, one should bear in 
mind the documented use of  'Barbary copper' at Isleworth during the 1580s.23 The chief 
Dutch documentary evidence for  this period relating to copper imports concerns the 
growth of  trade in Japanese copper. From the early seventeenth century the Dutch 
obtained Japanese copper which they shipped from  their factory  at Decima on Nagasaki 
Bay.2 4 Japanese copper was refined  to a purity in excess of  99 per cent, but it comes from 
an argentiferous  ore and de-silverisation was practised.25 The efficiency  of  the Japanese 
de-silverisation process has not been documented.26 So far  as one can infer  from 

1 7 Reducing the copper content of  tokens from  99 per cent 
down to 65 per cent is not sufficient  to account for  the 
changes in trace element analysis discussed here. 

1 8 Tylecote, History  of  Metallurgy,  p. 93. 
| I J Phillips and Louis, p. 34. 
2 0 Phillips and Louis, pp. 383-428. 
2 1 Tylecote, History  of  Metallurgy,  p. 49-50. 

2 2 European specimens examined by us commonly retain 
a silver content in the order of  0.1 per cent. For Japanese 
coins see appendix. 

2 3 Donald, Elizabethan  Monopolies. 
2 4 van Houtte, pp. 199-200. 
2 5 Tylecote, History  of  Metallurgy,  pp. 49-50. 
2 6 But see p. 162 below. 
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documentary evidence, the Dutch took most of  their Japanese copper to China where it 
was traded against local goods. It may well be that Japanese copper remaining on board 
ship during the voyage home would have been off-loaded  in the Gold Coast (where the 
copper price was high) and replaced with gold. The Portuguese, the Dutch and the English 
were the principal traders in local gold during the seventeenth century27 (about three 
million troy ounces in total). Nevertheless, it would appear that a significant  quantity of 
Japanese copper was imported to England by the East India Company during the 
seventeenth century28 and the Dutch East India Company probably performed  in like 
manner. 

Leaving aside outstanding questions about the source of  the copper used for  making the 
alloy, there are important technical advances manifest  in the composition of  this high-zinc 
brass alloy. Since the alloy contains more than 28 per cent zinc it cannot have been made 
by the traditional calamine process. The first  major advance on use of  the traditional 
calamine method was the introduction of  granulated copper. When granulated copper is 
used instead of  lump copper the increase in surface  area improves the uptake of  zinc from 
the calamine, with the result that the zinc content of  the brass can be raised from  28 per 
cent up to 33 per cent.2 9 Our analyses of  scientific  instruments30 and of  jetons31 show the 
rapid dissemination of  brass with a zinc content above 28 per cent from  1560 onwards: Low 
Countries 1560, France 1560, Spain 1562, Germany 1564 and England 1571. It has been 
suggested above that this was a Flemish innovation and that one is looking at the export of 
Flemish brass to the various other countries just listed. 

The use of  metallic zinc was ill understood in western Europe until significant  quantities 
of  the metal had been imported from  the east, where the metal had been known for  some 
centuries.32 European importation began on a commercial scale during the seventeenth 
century through the medium of  the Dutch and the English East India Companies.33 Some 
Oriental metallic zinc reached Libavius via the Low Countries during 1597, but the 
achievement of  using metallic zinc to modify  the quality of  calamine brass is credited to 
Glauber, who worked with Prince Rupert in the Netherlands some decades later. 
Glauber's findings  were published in De Prosperitate  Germanias at Amsterdam in 1656. 
Prince Rupert is said to have made a harder metal than that obtainable from  the calamine 
process by adding zinc to the alloy - expressed in another way one can say that Prince 
Rupert's metal is a high zinc brass. In practical terms the maximum zinc content that can be 
achieved by the calamine process using granulated copper is 33 per cent, so one can deduce 
that any brass with a higher zinc content required the use of  some metallic zinc in its 
manufacture.  The use of  high zinc brass with a zinc content greater than 33 per cent was 

2 7 T. F. Garrard, Akan Weights  and the Gold  Trade 
(London, 1980). For figures  of  European gold-taking see 
pp. 152-57 and regarding European export of  brass and 
copper to the Gold Coast see pp. 99-105. 

~s Tylecote, History  of  Metallurgy,  p. 94. 
2 9 P. T. Craddock, 'The composition of  copper alloys used 

by the Greek, Roman and Etruscan civilisations. 3. The 
origins and early use of  brass', J.  Arch Sci.  5 (1978), 1-16: 
P. T. Craddock, A. N. Burnett and K. Preston, 'Hellenistic 
copper base coinage and the origins of  brass' in Scientific 
Studies  in Numismatics,  edited W. A. Oddy (BM. Occa-
sional Paper 18, 1980). 

3 0 A. M. Pollard, 'An investigation of  the brass used in 
medieval and later scientific  instruments', paper presented 
to UKIC meeting 'The preservation of  historical scientific 
material', Geological Museum, 14 Nov. 1983: proceedings to 
be published. See also H. K. Cameron, 'Technical aspects of 

mediaeval monumental brasses', Archaeological  J.  131 
(1974), 215-37. 

3 1 Mitchiner, Mortimer and Pollard, 'Continental jetons'. 
3 2 Tylecote, History  of  Metallurgy,  pp. 77 and 102: P. T. 

Craddock, 'The copper alloys of  Tibet and their background' 
in Aspects of  Tibetan  metallurgy,  edited by W. A. Oddy and 
W. Zwalf,  BM. Occasional paper 19 (1981); J. Needham, 
Science and civilisation  in China,  5. Chemistry  and chemical 
technology  (Cambridge, 1974), pp. 210-15; M. B. Mitchiner 
and A. M. Pollard, 'Early South East Asian Currency 
systems' (submitted for  publication). 

3 3 J. M. Dawkins, Zinc and spelter (Zinc Development 
Association, Oxford  1980): T. E. Lones, Zinc  and its  alloys 
(London, 1919): V. Biringuccio, De La Pirotechnica 
(Venice, 1540), translated and edited by C. S. Smith and 
M. T. Gnudi (New York, 1942), notes to book 1, Chap. 8. 
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rapidly disseminated through Western Europe from  1650. Analyses of  scientific  instru-
ments and of  the present tokens and also of  jetons show the following  distribution: 

Netherlands: 1650 Perpetual calendar 
France: 1652 Circumferenter 

1698 dated jeton 
England: 1654 Bridewater tokens of  William Sealy 
Italy: 1677 Quadrant 
Spain: 1695 Equinoctial dial 

(Zn 34.1%) 
(Zn 34.2%) 
(Zn 35.2%) 
(Zn 34.2%, 34.6%) 
(Zn 34.7%) 
(Zn 35.5%) 

Once again it would appear that a new Dutch alloy was fairly  rapidly exported around the 
West European market. 

When using the term Prince Rupert's metal we have followed  the definition  given by 
Glauber in 1656. Accordingly, the name Prince Rupert's metal has been applied to the 
class of  high zinc brasses which have a zinc content above 33 per cent. This way of 
identifying  Prince Rupert's metal was not always followed  by later writers than Glauber. 
Daniel Defoe,  for  instance, wrote in 1697 that 'the prince has left  us a metal call'd by his 
name . . . being of  a reddish colour, different  from  either brass or copper'.34 This alloy was 
used for  making guns and it was obviously a low zinc copper alloy - no relation to the high 
zinc brass described by Glauber. But Lee, writing in 1897 on the basis of  earlier 
documentation, said that 'Princes-metal, a mixture of  copper and zinc, in which the 
proportion of  zinc is greater than in brass, is said to have been invented by Rupert ' .3 5 

Prince Rupert ,3 6 was born at Prague in 1619, and went to England in 1636 where he 
supported his cousin, King Charles I, during the Civil War. Rupert left  England in 1646, 
accompanying Prince Charles (II) to Holland in 1648. He returned to England at the 
Restoration in 1660 and died here in 1682. 

If  one looks at the English tokens with a high zinc content it is apparent that they show a 
well defined  local geographical distribution: 

Bridgewater,  William  Sealy  Taunton,  Great Yarmouth, 
Civic, 1667  Civic, 1667 

1652 1654 1654 
Copper 69.9% 64.5% 65.9% 65.9% 67.8% 
Zinc 28.5% 34.2% 34.6% 32.4% 31.5% 

In the case of  Great Yarmouth one should bear in mind the close trading links between 
East Anglia and the Low Countries. Many Dutch had left  their native land and settled in 
East Anglia during the reign of  Elizabeth I, bringing with them their particular expertise in 
textile manufacturing.  The Dutch Bayes and Sayes of  Colchester were, for  instance, to 
retain their renown until well after  the period of  the present tokens.37 With regard to the 
cluster of  high zinc brasses from  the West Country the present authors are not aware of  any 
particular local commercial links with the Low Countries. The only English brass-making 
centre in the region was the recently established Bristol Brass Works - but all tokens from 
the Bristol area belong to the low zinc classes of  alloy. Maybe one should look for  an 
answer in terms of  a Dutch supply of  naval brass to the dockyards at Plymouth. 

3 4 Daniel Defoe,  An essay upon projects  (London, 1697), 
pp. 25-26. 

35 DNB,  XLIX 405-17. 
3 6 Lee. See also H. Hamilton, The  English  brass and 

copper industries  to 1800, 2nd edn. (London, 1967), p. 63. 
3 7 W. Endrei and G. Egan, 'The sealing of  cloth in 

Europe, with special reference  to the English evidence', 
Textile  History  13 (1982), 42-75. 
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III. Ireland 
The Irish token of  this period merits individual consideration because it differs  chemically 
from  all the English copper and brass specimens considered previously. With its relatively 
high contents of  tin and lead, the Irish alloy approaches the composition of  gun-metal. 
Analytical results on a piece of  Irish 'gun money' are provided for  comparison. 

69. Dublin, halfpenny,  1672 Mic. Wilson Williamson, Ireland no. 416 
70. Gun money, sixpence, Aug. 1689 

Results: 
Weight 
g 

Thickness Cu Zn Sn Pb Ag 
% 

Ni As Sb Fe Weight 
g thou % % % % 

Ag 
% % % % % 

69. Dublin, 1672 4.06 56 77.2 17.8 2.13 1.90 0.07 0.07 0.27 0.14 0.41 
70. Gun money, 1689 2.80 34 87.9 8.2 2.17 1.00 0.21 0.07 - 0.27 0.11 

Gun metal was an alloy that evolved from  the 'low-zinc / high-tin' brasses of  the 
medieval period - precisely the brasses of  which most jetons were made until well into the 
fifteenth  century. Thereafter,  this general class of  alloy was retained principally for 
making large cast artefacts  - such as the guns, which were to give the alloy its modern 
name, gun metal.39 Tokens, jetons, badges and other small thin die-struck artefacts  were 
now normally made in 'higher-zinc / minimal tin' forms  of  brass. 

IV. Tokens  made  of  other metals: tin-plate 
Both tin-plating and silver-plating have been practised in England since Roman times. 
Roman items include tin-plated badges and silver-plated false  coin.40 Medieval forgeries  of 
contemporary English coinage also provide examples of  both tin-plating and silver-
plating and a number of  technical details were described by the monk Theophilus in the 
twelfth  century.42 But, although the techniques were well established, the manufacture  of 
plated tokens does not appear to have been pursued. This is the only seventeenth-century 
token made of  true tin-plate known to the authors. 

71. London: Tho. Mudd (grocer) against Little Moorefields:  halfpenny,  1670 
Obv. cinquefoil  THO . MVDD . GROCER . AGAINST, sugar loaf 
Rev. rosette LITTLE . MOORE . FIELDS . 1670, hen left  with chicks - 1/2 
(N. Mills: unpublished: from  the river Thames) 

Results: 

Core: Iron Plating: Tin, with a trace of  lead 
IV. Coin weights 
The following  brass coin weights were analysed: 
72. Charles I (1625^49), 20 shillings. Obv. CAROLVS-REX, crowned, bearded bust left.  Rev. Crown / . xx . /. s . 

(die-axes 6 o'clock). 
73. William III (1694-1701), guinea. Obv. GVLIELMVS . III. —REX, diademed bust right. Rev. Crown on crossed 

sceptres / . i . / GVENEA / w (die-axes 9: worn). 
74. George III (1760-1820), 20 shillings, 6 pence. Obv. GEO IN/ —/SEPTEM/ 1772. Rev.s .20D.6/OR/DWT.5GR.6 

(die-axes 6: worn). 
75. Royal Mint Sovereign. Obv. ROYAL MINT: 1821. Lion crest on crown. Rev. CURT, WEIGHT: SOVEREIGN -DW 

5 GR 2VI. (die-axes 12). 

3 8 Mitchiner and Pollard, 'Medieval reckoning counters' 
3 9 For examples see Tylecote, History  of  Metallurgy. 
4 0 Our analyses are to be published. 

4 1 Mitchiner and Skinner, 'Contemporary forgeries  of 
English silver coinage'. 

4 - Discussed by Tylccote, History  of  Metallurgy,  p. 78. 
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Results: 
Weight Thickness Cu Zn Sn Pb Ag Ni As Sb Fe 
g thou % % % % % % % % % 

72. Charles I 9.00 147 69.5 27.4 0.75 1.76 0.09 0.05 _ — 0.32 
73. William III 8.00 130 76.9 18.7 1.04 2.00 0.16 0.07 - 0.11 0.88 
74. George III, 1772 7.25 117 77.7 17.8 0.97 2.45 0.07 0.05 0.30 0.17 0.46 
75. Royal mint, 1821 8.00 128 76.1 20.4 1.14 1.51 0.11 - 0.18 0.18 0.34 

These official  brass weights reflect  the qualities of  brass used in certain administrative 
circles. The fabric  of  these pieces differs  from  contemporary tokens and jetons by the much 
greater thickness. The measurements cited show that brass weights are roughly seven times 
as thick as the small size brass tokens. 

The coin weight made before  the Civil War has a higher zinc content than the three 
post-Restoration pieces which show a stable value close to 20 per cent. In this respect the 
later pieces show affinities  with the '80 / 20' quality brass that found  favour  among other 
artefacts  already discussed. But, a significant  feature  which separates the coin weights from 
jetons and tokens is to be observed from  a consideration of  the levels of  tin and lead in 
their alloy. The coin weights consistently contain higher levels of  both tin and lead. Tokens 
tend to contain V4-V2  per cent tin and jetons normally less than this; but the weights show 
values around 1 per cent. Similarly, tokens and jetons show lead contents in the order of  V2 
per cent, whereas the weights contain IV2-2V2  per cent lead. The simple explanation 
appears to be that the small additions of  tin and lead in alloys used for  making these dumpy 
artefacts  improved malleability and flow  characteristics of  the metal; so making it easier to 
cast the blanks and then easier to strike the designs on to the finished  blanks by means of 
dies. This kind of  modification  to the alloy may well not have been considered suitable for 
the thinner flans  of  tokens or jetons because it would have reduced their rigidity, 
permitting them to deform  and bend too easily. 

V. English  copper and  bi-metallic  ti 
Charles II (1660-1685) 
76. farthing,  1675, copper 
77. halfpenny,  1673, copper 
78. farthing,  uncertain date (1684-85), tin 
79. similar 
James II (1685-1688) 
80. halfpenny,  uncertain date, tin 
81. halfpenny,  similar 
82. halfpenny,  similar 
83. halfpenny,  similar 
84. halfpenny,  similar (inferior  flan  chip) 
85. halfpenny,  similar 
William and Mary (1689-1694) 
86. farthing,  1692, tin 
87. farthing,  uncertain date (1689-92), tin 
88. halfpenny,  uncertain date (1689-92), tin 
William III (1694-1702) 
89. farthing,  1699, copper 
90. farthing,  1699, copper 
91. farthing,  1700, copper 
92. farthing,  uncertain date (similar), copper 

Results: 
Weight  Cu 

g % 
76. Charles II (copper) Cu 5.20 99>/2 
77. Charles II (copper) Cu 10.54 98.3 

In-copper  coinage 

Seaby 3394 
Seaby 3393 
Seaby 3395 

Seaby 3419 

Seaby 3451 

Seaby 3447-49 

Seaby 3557 

Zn Sn Pb Ag Ni As Sb Fe 
% % % % % % % % 
- - - 0.18 - - _ -

0.3 0.64 0.09 _ 0.30 0.12 _ 
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Weight Cu Zn Sn Pb Ag Ni Sb Fe 
g % % % % % % % % % 

78. Charles II (tin) Sn 5.05 4.5 (-) 92.4 3.19 - (-) (tr) X (4.4) 
Cu 97.2 - 1.91 0.24 - 0.54 

79. Charles II (tin) Sn 5.17 1.2 (-) 95.6 3.23 - (-) (-) X (0.5) 
Cu 99+ tr 0.57 0.14 tr tr 0.11 

80. James II (tin) Sn 10.20 0.9 (-) 95.1 3.30 - (-) (tr) x (0.2) 
Cu 99+ tr - 0.36 0.22 - 0.07 

81. James II (tin) Sn 9.75 0.2 (-) 96.1 3.43 - (-) (-) x (tr) 
Cu 99!/2

+ tr - 0.28 0 . 1 1 - -

82. James II (tin) Sn 10.00 - (-) 96.8 3.25 - (-) (") X (tr) 
Cu 99V2+ - 0.34 0.14 - 0.07 

83. James II (tin) Sn 9.80 0.4 (-) 96.4 3.69 - (-) (1.0) X (0.3) 
Cu 9 9 Y 2 + - 0.28 0.17 - 0.09 

84. James II (tin) Sn 9.75 0.5 (-) 96.1 3.43 - (-) (-) X (-) 
Cu 99V2+ 

- 0.20 0.15 0.12 
85. James II (tin) Sn 9.60 - (-) 96.7 3.32 - (-) (tr) X (0.1) 

Cu 97.8 tr - 0.18 0.06 0.32 0.16 0.06 
86. William & M (tin) Sn 5.97 0.7 (-) 83.0 16.30 - (-) (-) X (0.8) 

Cu 98.9 - . 0.89 0.10 _ 0.10 
87. William & M (tin) Sn 5.20 0.5 (-) 95.0 4.50 - (-) (0.7) X (0.2) 

Cu 98.9 0.1 0.67 0.12 - 0.17 
88. William & M (tin) Sn 10.80 3.0 (-) 93.7 3.30 - (-) (tr) X (2.6) 

Cu 99+ tr - 0.33 0.15 tr - 0.24 
89. William III (copper) Cu 5.08 97.9 - 0.9 - 0.24 0.96 - tr 
90. William III (copper) Cu 4.30 99+ - - - 0.14 - 0.52 - -

91. William III (copper) Cu 3.75 97.0 - - 0.74 0.25 - 1.85 - 0.12 
92. William III (copper) Cu 4.54 97.3 0.4 - 0.45 0.14 - 1.49 - 0.05 

Tin analyses 
These were performed  using the programme for  metals of  the tin-pewter-lead class, as 
noted above. The same area of  each coin was also analysed by the programme for  analysis 
of  copper-base alloys with the main aim of  assessing chalcopyrite corrosion. This corrosion 
product, which can diffuse  fairly  deeply into the alloy, is not uncommonly encountered in 
tin-pewter-lead artefacts  recovered from  the Thames. It is demonstrated by the presence of 
approximately equal amounts of  iron and copper: in this case numbers 78 and 88.4 3 Figures 
derived from  the copper programme have been cited within parentheses. Low 
concentrations of  antimony cannot be quantified  in this manner for  a high tin alloy because 
of  a secondary tin peak in the relevant part of  the spectrum. 

Composition of  the tin coin flan 
Not  corroded  With  chalcopyrite  pewter 

Tin 95.98% SD 0.68 n = 8 93.1% SD 0.9 n = 2 83.0% n = 1 
Lead 3.52% 0.42 3.2% 0.1 16.3% 
Copper 0.46% 0.42 N/A 0.7% 

In order to assess whether the coins contain any copper in the alloy one can more or less 
exclude the artefact  of  chalcopyrite patination by evaluating the "copper minus iron" 
content: 

Copper minus iron (all specimens) - 0.26% (standard deviation 0.26: n = 11) 

The matter is of  some relevance because copper was not infrequently  used for  hardening 
tin when making some forms  of  pewterware. But, among our own analyses the relevant 

4 3 See Mitchiner and Skinner, 'English tokens'. Hatcher and T. C. Barker, A history  of  British  Pewter 
4 4 For instance, the Pewterers' Ordinances of  1348. J. (London, 1974), pp. 145-47 and 164. 
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recipe, which was used for  making medieval Canterbury Bell pilgrim souvenirs, contained 
95+ per cent tin alloyed with 2 to 5 per cent copper. Viewed in this context it appears not 
unlikely that the VA  per cent copper in the present coins should be viewed as incidental, 
rather than as intentional alloying. 

The composition of  the tin flans  can thus be assessed as 96 per cent tin with 3V2 per cent 
lead. An occasional (genuine) specimen is made of  high grade pewter. 

Compositions of  the copper coin flans  and of  copper plugs in tin coins 
a) Non-arsenical copper of  Swedish type: Charles II to William and Mary 
After  the time when Charles II ordered importation of  copper coin blanks from  Sweden in 
1672 there was no subsequent change in the chemical characteristics of  the copper used for 
English coins until the time when the House of  Commons ordered a coinage to be made of 
'best English copper' in 1694.4:1 The tin coins of  William and Mary, whose copper plug 
analyses are cited here, were issued before  the reform  of  1694. 

mean standard  deviation 
Copper 99+% rarely less than 99% pure) 
Silver 0.14% 0.05 n = 13 
Lead 0.51% 0.48 
Nickel minimal (below MDL) 
Tin minimal (below MDL) 
Arsenic minimal (trace in 2 coins: rest below MDL) 

b) Arsenical copper of  English (Cornish) type: William III (and subsequently) 
mean standard  deviation 

Copper 97 - 99% 
Silver 0.19% 0.06 n = 4 
Lead up to

 3
A% 

Nickel minimal (below MDL) 
Tin minimal (normally below MDL) 
Arsenic 1.21% 0.58 

The purity of  the English copper is reduced below the Swedish value by virtue of  the 
relatively high level of  arsenic. The eighteenth-century English copper coins listed below 
retain the appreciable arsenic content that was a characteristic feature  of  refined  English 
copper dating from  this general period. 

VI. Contemporary  forgeries  of  regal  tin coins 
These halfpennies  and farthings,  recovered (like the genuine tin coins just described) from 
the river Thames in London, differ  from  their official  counterparts by omission of  the 
central copper plug. Only forgeries  with design and fabric  close to the original are included 
in the present analysis. These false  coins often  bear a rectangular depression on each face 
where the copper plug should have been. All such forgeries  that we have examined are 
made of  pewter: whereas the authentic prototypes are made (with one exception) of  t in.4 6 

93. 'Charles II', farthing  dated '1690' (sic.) in exergue and with the copper plug represented by a rectangular 
indentation on obverse and reverse. The indentations on each side of  the flan  do not match in either size or 
position. Made by casting. 

4 5 C. W. Peck, English  Copper,  Tin  and Bronze Coins  in 
the British  Museum:  1558-1958, 2nd edn (London, 1970). 
See p. 105 for  Charles II and p. 152 for  William and Mary. 

4 6 See also M. B. Mitchiner and A. Skinner, 

'Contemporary forgeries  of  seventeenth century English tin 
coins and implications for  the study of  leaden tokens', NC 
(in the press). 
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94. 'William and Mary', halfpenny  dated 1690 (?) in exergue and without trace of  imitation of  the copper plug. 
Also cast. 

95. 'William and Mary', farthing,  dated 1690 in exergue. Also cast and without imitation of  copper plug. 
96. 'William and Mary', similar to previous forgery  in all respects. 
97. 'William and Mary', farthing,  dated 1691 in exergue: otherwise similar. 
98. 'William', farthing  with date 16xx in exergue and with the obverse depicting the bust of  William III alone, 

but with a William and Mary legend. 

Results: 
Weight g Diameter Tin Lead Other Weight g mm % % 

93. 'Charles', '1690' 4.60 22 59.3 40.7 -

94. 'William and Mary', '1690?' 9.50 28 95+ 1.0 Cu c. 
95. 'William and Mary', '1690' 6.38 21 75.8 24.2 
96. 'William and Mary', '1690' 5.50 22 73.9 26.2 
97. 'William and Mary', '1691' 5.75 22 39.0 71.0 
98. 'William', T6xx' 4.78 22 60.0 40.0 

These specimens appear to represent examples of  the forger's  technique known as 
'multiplying' the coin. Adopting this technique the genuine tin coins would have been 
melted down and the metal then debased by alloying with much less expensive lead. The 
now 'increased' quantity of  cheaper alloy would then have been cast as an increased 
number ('multiplied') of  false  coins made of  pewter. Such 'multiplication of  coin' (wherein 
lay the profit)  by means of  debasement (or clipping, or light weight copies etc.) was among 
the standard repertoire of  forger's  techniques: a technique whose use in the late 
seventeenth century appears to be demonstrated by the present group of  forgeries. 

VII. Some later  English  copper coins 
Output of  copper from  the Cornish mines continued to increase through the eighteenth 
century and most was refined  at smelting works in South Wales. During the last three 
decades of  the eighteenth century competition was mounted by the exploitation of  new 
Welsh copper mines in Anglesey. The Parys mountain copper from  Anglesey was nearly all 
extracted during the period circa 1770 to 1800, by which time the deposit had been almost 
worked out. Most Anglesey copper was refined  in Lancashire. From the early nineteenth 
century the partnership of  Cornish copper mining and South Wales smelting regained its 
dominant rank.4 7 

Seaby Weight Cu Zn Sn Pb Ag Ni Sb Fe 
g % % % % % % % % % 

99. George I '/4d 1719 3662 4.66 98.5 - - 0.08 0.15 0.05 0.78 - -

100. George I 'Ad 1723 3662 4.52 98.7 0.4 0.24 0.08 0.09 0.03 0.44 - -

101. George II '/id 1737 3717 9.09 97.9 0.3 - - 0.11 0.07 1.45 - -

102. George II Vid 1729/39 3717 8.80 98.6 0.4 - - - - 0.71 - -

103. Goerge II Vid 1746/54 3719 7.89 94.3 0.5 1.00 2.68 0.14 0.08 0.76 0.41 0.09 
104. George II Vid 1741/54 3721/2 3.65 98.8 0.3 - - 0.11 - 0.39 0.17 -

105. George II Vid 1754 3722 4.52 98.2 0.3 - - 0.14 0.03 0.94 0.16 -

106. George III 'hd 1770/5 3774 7.01 98.4 - - 0.32 0.11 - 0.74 - -

107. George III Id 1797 3777 27.04 98.9 - - - 0.06 - 0.66 - -

108. George III 'Ad 1799 3779 5.97 98.5 0.5 - 0.06 0.06 - 0.59 - -

109. George III '/id 1799 3778 11.74 98.4 0.4 - - 0.13 - - - 0.17 
110. George III '/id 1799 3778 11.49 98.7 - - - 0.11 - 0.70 - -

4 7 First systematic working of  the Parys mountain copper 
deposits commenced in 1768 and de-silverisation was 
practised. Although largely worked out by about 1800 some 
ore extraction continued and figures  for  1894 were copper, 

230 tonnes of  ore, and the silver refined  therefrom,  9,518 
ounces: Phillips and Louis, pp. 300-303. See also R. 
Chadwick, 'Copper: the British contribution', Chemistry  in 
Britain  17.viii (1981), 369-73. 
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Seaby Weight Cu Zn Sn Pb AS Ni As Sb Fe 
o o % % % % % % % % % 

111. George III V4d 1807 3781 8.49 98.4 0.4 - - 0.09 0.04 0.68 0.17 -

112. George III Id 1806/7 3780 17.58 98.1 - 0.26 0.14 0.08 0.16 0.91 - -

113. George III Id 1806 3780 18.86 98.8 0.4 - - 0.14 - 0.44 - -

114. Victoria V4d 1846 3950 4.38 98.4 0.4 - 0.51 0.06 - 0.37 - -

The copper is essentially of  an arsenical, argentiferous,  non-nickeliferous  variety. These 
are characteristics that have already been noted for  English copper refined  during 
preceding decades. If  one looks at George Ill 's coins struck from  1797 to 1799 at the Soho 
mint in Birmingham there is no obvious difference  in their purity or trace element 
composition. These particular coins are the most likely candidates to have been struck in 
Anglesey copper, rather than in the Cornish copper that was the norm for  other coins 
catalogued in the present section. The mean composition of  this copper is as follows: 

mean standard  deviation 
Copper 98.23% 1.08 n = 16 
Lead normally below 0.3% 
Silver 0.10% 0.04 
Nickel normally below 0.1% 
Arsenic 0.66% 0.32 

VIII. A small  group of  Japanese  cash coins 
These few  Japanese coins were analysed with a view to shedding some light on previous 
discussion concerning the importation of  Japanese copper to Europe during the 
seventeenth century. It will be apparent from  inspection of  the results that Japanese cash 
were cast in a heavily leaded copper-base alloy - an alloy that also often  contains 
substantial amounts of  arsenic. In the specific  context of  present discussion the most 
significant  information  to be gleaned about the nature of  Japanese copper stems from  the 
virtual absence of  nickel and of  silver. It has already been noted that the Japanese 
practised de-silverisation of  their copper. Present results would suggest that they were 
employing a very efficient  de-silverisation technique - a technique which was rather more 
efficient  than contemporary Swedish and Hanoverian practices. The minimal values of 
nickel and silver seen in these Japanese coins provide some useful  evidence about the 
characteristics to be expected of  any copper that may have been imported from  Japan. 

Mitch.m Cu Zn Sn Pb Ag Ni ,4s Sb Fe 
% % % % % % % % % 

115. Kanei tsuho, Sado mint: c. 1714-40 4606 78.7 tr 0.88 10.8 tr 6.15 0.20 3.32 
116. Kanei tsuho, no mint: c. 1660-1860 4603 76.3 - 0.42 23.3 - - - tr 
117. similar 4603 90.8 - 0.46 7.9 - 0.44 0.21 0.22 
118. similar 4603 55.5 - 0.72 21.4 0.11 16.70 0.25 5.35 
119. Bunkyu: 1864-67 4631 71.1 - 1.97 24.8 - 1.41 0.75 -

Conclusion 
The conclusions that can be drawn from  this study fall  into two main categories. On the 
one hand the results of  present analyses provide the basis for  deducing a much clearer 
picture of  what was happening in seventeenth-century England in respect of  the 
production, commerce and use of  copper base alloys. Conclusions have been drawn 
regarding relative usage of  English and Swedish coppers throughout much of  the century 
and the introduction of  Cornish copper at the end of  the period: also regarding the 

4 K M. B. Mitchiner, Oriental  Coins  and their  Values,  III.  Non-Islamic  States  and Western  Colonies  (London, 1979). 
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manufacture  and commerce in brass. After  the Dutch had invented a new technique for 
manufacturing  high zinc brass (c. 1650), the earliest use of  the new alloy in a numismatic 
context was for  making tokens commissioned by William Sealy of  Bridgewater in 1654, two 
years before  the manufacturing  process, itself,  was first  documented in Amsterdam. 

The other aspect of  this study is concerned with the more fundamental  question of 
evaluating the kind of  information  that can be obtained from  trace element analyses. In the 
context of  seventeenth-century copper base alloys we have found  the measurements of 
nickel, arsenic and silver contents of  the metal to be particularly useful.  Due emphasis has 
been placed on interpreting analytical results within their proper chronological, geo-
graphical, commercial and technological framework.  For instance, interpretations of 
nickeliferous  copper that are valid in a seventeenth-century context cannot be directly 
extrapolated into the eighteenth century (e.g. new Prussian copper mines) and discussion of 
argentiferous  coppers presupposes recognition of  de-silverisation practices. 
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