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Zusammenfassung 

Aus der Zeit von 6/9 n. Chr. bis 59 n. Chr. wurden 12 Münzen aus Judaea chemisch 
und metallographisch untersucht. Dadurch sollte die Art der Legierung genau definiert 
werden, um aus der Analyse dieser Serie ableiten zu können, ob in Hinblick auf den 
Zinngehalt eine Qualitätskontrolle des Münzmetalls erfolgte und ob eine Münzent
wertung im Laufe der Zeit erkennbar ist. Weiter sollten Überlegungen angestellt wer
den, ob die Münzen aus frischem oder durch Wiedereinschmelzen gewonnenem Metall 
hergestellt wurden. Die Analysen ergaben, daß sowohl reine Zinnbronzen als auch stark 
bleihaltige Zinnbronzen verwendet wurden. Die gewonnenen Daten bildeten eine 
sichere Grundlage für die Diskussion der historischen Fragestellungen. 

Abstract 

Aseries of 12 coins from Judaea dating from the period between A.D. 6/9 and A.D. 
59 have been analyzed chemically and metallographically. By that the type of alloy 
should be characterized as precise as possible to find out, if there was a certain control 
of the quality of the meta! especially with respect to the content of tin. A debasement 
of the coin meta! in the course of time should also become obvious by these analysis. 
Further the analytical data should provide a basis to find out wether a fresh meta! or 
a remelted material was used. The analysis revealed that as weil pure tin bronzes as tin 
bronzes with a high amount of Iead were used. The analytical data provided a reliable 
base for the discussion of the historical questions. 

Preface 

Analytical studies and progress in the sphere of chemistry and physics have made 
available a wide range of previously unknown data for numismatists. Scientific analyses 
have been especially helpful in establishing coinage standards, the internal order of 
issue and the provenance of ancient coinage. Information from coin analyses have been 
of significant value to the numismatist also with respect to e.g. economic history in 
antiquity. 

Previous analyses 

In the past years a number of chemical analyses 1 concerned with the constituents of 
Roman Imperial coins has been carried out. On the other hand, not very many Greek 
Imperial coins have been measured for their chemical composition, the classical study 
being CALEY's work of 1964.2 To my knowledge have for instance no copper-based 

I For accounts See: CARTER 1983, p. 37; RIEDERER 1987, p. 251. 
2 Orichalcum and Related Ancient Alloys. Origin, Composition and Manufacture with Special Reference to 

the Coinage of the Roman Empire. 
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coins minted inside ancient Palestine previously been submitted to metallurgical 
examination or chemicai analysis of their metallic contents. Of interest for this case 
study are thus analyses dealing with copper-based Greek or Roman coins and therefore 
I will be referring frequently to studies such as CARTER 's3• 

If not otherwise mentioned, "Rome" or "Roman coins" refers in this presentation to 
the Augustan sestertii, dupondii, asses and quadrantes minted in Rome 23-4 B.C. and 
Tiberian asses struck in Rome A.D. 15/6-30 analysed by CARTER and BuTTREY 1977. 
"Antioch" or "Syrian" coins refers to CARTER's analyses (1983) of Antiach dupondii 
and asses from Tiberius until the time of Trajan. 

The range of the analysis 

The object of this survey were of the traditional type focusing on the chemical composi
tion and the standard of the coinage. However, the sources of the metals4 could not 
be determined due to Iack of time and resources. Another important aspect of the 
investigation was a metallurgical study of sections of the coins. This was done in order 
to illuminate the conditions under which the coins were minted. 

The main points of the study were thus: 

1) to determine the exact chemical composition5 of the meta! or alloy 
2) to chart the efficiency of the quality control, i.e. by observing variations in the Ievel 

of tin 
3) to settle if and when debasement occurred 
4) to determine whether the coins were produced of virgin or remelted meta! (including 

old coins and metallic objects) 
5) to shed new light upon the discussion of the denomination of the coinage. 

Pre-sampling and sampling 

A critical phase in any analysis will evidently be the sampling, or the choosing of the 
individual specimens to be examined. Facilities and resources combined with the choise 
pieces (often in varying state of preservation) will, of course, affect the final outcome 
of the analysis. 

The aim of this sampling was to prepare a cross-section of the Roman coinage of the 
period. This was done by choosing a minimum of one coin of each Roman official or 
issue period. Most of the coins were provided by Prof. Y A'AKOvMESHORER, the 
Curator of Numismatics at the Israel Museum, to whom I am in deep gratitude. The 
rest were purchased from a numismatist in Jerusalem, Mr. SHRAGA QEDAR. I am as weil 
greatful to the latter and Mr. MICHAEL KRuPP for information, which led me to Berlin. 

3 Seenote I. Series of many Augustan and Claudian base meta! coins have been measured for their chemical 
composition. 

4 Particularly an analysis of the source of the Iead - a Iead isotope abundance ratio measurement - could 
have been of considerable interest both in charting the economic activities of the Roman Procurators and 
in confirming the mint of the province. 

5 When evidence for the individual elements are looked for the number of constituents have varied between 
6 - 15 . Table 3 on p. 7 presents 12 most common elements found in the Procuratorial coinage given here 
in weight 07o. 
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Documentation of the coins 

The coins were all identified as belanging to the period in question and ranging in time 
from A.D. 6/9 to the final issue of A.D. 59. The Procurator's coins total 11. One 
additional coin of Agrippa I (A 1 in Table 3) minted A.D. 42/3 during the interregnum 
and from the same chief outlet, was added to the sample. Except for 3 coins (P-1 6, 

P-57 and P-78) the exact year of issue could be defined. Photographie records were 
made of the obverses and the reverses before the destructive examination commenced. 
Unfortunately, the photographic Iabaratory in Helsinki, Finland, could not reproduce 
photos of satisfacting quality of the types of the coins and therefore the specimens are 

Tab/e 1: Weights and dimensions9 of the coins 

Weight (gr.) Diameter (mm.) Max. thickness (mm.) 

l. 1.624 16.2 1.4 
2. 1.809 16.5 1.9 
3. 1.752 16.5 1.8 
4. 2.265 17 .2 1.8 
5. 2.709 16.7 2.2 
6. 2.195 16.8 2.0 
7. 1.757 15 .2 1.9 
8. 1.682 17.7 1.7 
9. 2.424 17.7 2.4 

10. 1.653 15.5 2.5 
II . 2.453 17.0 2.5 
12. 1.526 15.7 2.0 

Tab/e 2: Legends, types and the die orientations 

coin no. legend Meshorer number die 
(M.) orientation 

P- I illegible M. 1 - 3 
P- 2 KAI I CAP and TIB I LB M. 6 Jf 
P- 5 TIB I KAI I CAP and IOY AIA M. l7-19 + 
P- 3 TIB I KAI I CAP and IOY AIA I lA M. 19 Jf 
P - 4 same as above M. 19 ' 
P- 6 T IBEPIOY KAICAPOCLI~ I IOVAIA KAI CAPOC M. 21 + 
P- 7 TIBEPIOY KAICAPOC M. 23 - 24 + 
P- 9 NEPWKAA YKAICAP M. 29 + 
P- 10 TI KAAY!>IOC KAICAP rEPM I Llt> I IOVI AIAArPinni NA M. 32 Jf 
P-11 NEP I WNO I C M. 35 "-
P-12 unclear M. 35 t 
A- I BACIAE WC ArPinA I L~ M. II t 

6 Final Greek Ietter from the date was erased leaving no room for a firm identification. The date is either 
L II. c; ("Year 36") = A.D. 6 or L II. 0 ("Year 39") = A.D. 8/ 9. 

7 Valerius Gratus ' final three issues are alike with respect to the type. The only differing mark is the date, 
which on this coin was illegible. 

s End Ietter of datewas illegible beingeither Z (LIZ, "Year 17" = A.D. 30/ 31) or H (LIH, "Year 18" = 
A.D. 31/32). 

9 The physical properlies of the coins should be treated with great caution and should not be utilized for 
metrological studies. Many of the coins included in this sample showed signs of excessive wear and some 
had layers of corrosion on the surface. As the weights also the diameters (and the thickness) of the 
specimens varied much due to the minting al marco under changing conditions. 
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only described according to their types and MESHORER 1982, vol. Il. Obverse and 
reverse legends and types were recorded, as weil as the die orientations (Table 2). The 
physical properties (Table 1): the weight, the size etc. were determined in Berlin. 

Methods of investigation 

The choice between the principal methods of investigation, namely the destructive and 
non-destructive analysis, was in this case no difficult task. It is highly understandable 
that private collectors or institutions are unwilling to submit rare and well-preserved 
specimens to destructive investigation methods. In contrast we have, I believe, a great 
number of Roman and Greek Imperial base meta! coins which still are in a plentiful 
supply and can even in some cases be discarded for scientific purposes. 

After determining the weights and the dimensions (Table 1) the coins were exposed to 
cleaning procedures in order to remove dirt and superficial corrosion. All of the coins 
included in this sample were thereafter exposed to destructive analyses. Twelve coins 
were analyzed by atomic absorption spectrometry10 for the constituents, copper, tin, 
Iead, zinc, iron, nicke!, silver, antimony, arsenic, cobalt, bismuth and gold. The den
sities were not determined, but these should tend to be higher than in copper, or copper
tin alloys due to the presence of Iead in high proportions. Second, the microstructures 
were examined using a Zeiss microscope at a magnification of 60 (photos 1 -12) in 
order to confirm the details of the manufacture. 

Finally, I am much indepted to Prof. MESHORER for supplying me with the coins, and 
to Prof. JosEF RIEDERER - the director· of Rathgen ·Forschungslabor at the Staatliche 
Museen Preussischer Kulturbesitz in Berlin - for the thorough results and the 
painstaking work performed between October 1987 and June 1988. 

The chemical composition of the Procuratorial coinage 

A total of 12 coins were analysed for their chemical composition. Weight percentages 
of the distinctive constituents are displayed later in Figures l -13 in a graphic form. 
Each dot in the Figures (1 -13) represents one analysed coin. One of the specimens was 
minted under Emperor Augustus, 6 were minted under Tiberius, 2 under Claudius, one 
under the Jewish King Agrippa I and two under Emperor Nero. The chemical elements 
are summarized here in Table 3. 

The following proportions 11 of copper (Cu), tin (Sn), Iead (Pb), zinc (Zn), iron (Fe), 
nicke! (Ni), silver (Ag), antimony (Sb), arsenic (As), cobalt (Co), bismuth (Bi) and gold 
(Au) were determined: 

10 A method of chemical analysis involving excitation of characteristic eiemental frequencies and their sub
sequent self-absorption. 

11 I am following here COPE's presentation (1972, p. 6) in classifying the constituents as major alloys 
(100- 5 OJo), minor alloys (5 - 0.1 07o), minor impurities (0.1 - 0.01 OJo) and trace impurities ( <0.01 07o). 
Quantities in lesser proportians than 0.01 OJo are of no importance here. 
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Tabfe 3 12 : 

Official Date Cu Sn Pb Zn Fe Ni Ag Sb As Bi Co Au Co in 
A.D. 

C. or A. 6/ 9 71.04 9.63 18.56 0.23 I 0.217 0.053 0.090 0.056 0.100 <0.025 0.022 <0.01 P- 1 

Gratus 15/ 6 72.39 8.01 19.26 0.057 0.057 0.088 0.055 0.046 0.073 <0.025 0.017 <0.01 P- 2 

Gratus 17/9 77.49 10. 34 11.52 0.0 11 0.017 0.015 0.526 0.044 <0.05 < 0.025 0.04 1 < 0.01 P- 5 

Gratus 24/ 5 93.86 5.26 0.465 0.0015 0.168 0.022 0.054 0.114 0.056 <0.025 <0.005 <0.0 1 P- 3 

Gratus 24/ 5 91.31 8.22 0.203 <0.00 1 0.048 0.018 0.061 0.095 0.046 < 0,025 <0.005 < 0.01 P- 4 

Pi Iatus 29/30 94.71 4.94 0.217 0.0012 0.023 0.020 0.044 0.049 <0.05 < 0.025 <0.005 < 0.01 P- 6 

Pi Iatus 30/ 2 70.88 7.93 20.95 <0.001 0.010 0.008 0.071 0.156 <0.05 <0.025 <0.005 <0.01 P- 7 

Felix 54 73.65 8.64 17.36 0.073 0.115 0.031 0.063 0.055 <0.05 <0.025 0.010 <0.01 P- 9 

Felix 54 81.28 5.82 12.74 0.0053 0.048 0.021 0.053 0.035 < 0.05 <0.025 <0.005 <0.0 1 P-10 

Festus 59 81.53 4.95 13.20 <0.001 0.023 0.026 0.046 0.098 0.1 24 <0.025 <0.005 <0.01 P-11 

Festus 59 74.55 7.27 17.89 0.011 0.020 0.036 0.062 0.071 0.072 <0.025 0.021 <0.0 1 P-12 

Agrippa I 42/3 87.46 9. 11 3.21 0.0033 0.063 0.020 0.053 0.064 <0.05 < 0.025 0.015 < 0.01 A- 1 

Zinc (Zn) contents below 0.009 OJo are ordinarily not recorded (trace impurity) and the 
constituent is absent from coins minted in Rome under Tiberius, Claudius and Nero. 13 

The presence of this impurity implies that the meta! used for the blanks was 
contaminated, evidencing of the re-use of some metallic substance 14 • The majority of 
the Procuratorial coins contained zinc in trace quantities, except for the peaks in P-1, 
P-2, P-5 and P-12 displaying abnormal proportians of zinc in the alloy. 

lron (Fe) is present in small quantities in all of the coins analysed, the contents varying 
between 0.01 % and 0.217 % (P-1). Bronze alloys generally contain less iron than the 
copper-based coinage minted in Rome. 15 Carter proposed this was due to the lower 
heat required to cast the blanks. 16 The iron proportians in dupondii et assis minted in 
Antioch show considerable increases even under Nero and Domitian, suggesting that 
new minting techniques, different substances used to promote the fusion of metals, 
re-use of metals or contaminations by metallic objects were introduced. 17 In three of 
the coins, namely P-1, P-3 and P-9 high proportians of iron between 0.115 % and 
0.168 % were recorded. 

Nickel (Ni) is one of the impurities which was detected in high concentrations, except 
for the extreme values (P-1: 0.053 %; P-2: 0.088 %), in each of the Procuratorial coins. 
The amount in the coins varies appreciably from the mentioned 0.008 % up to the 
"normal" Ievel of 0.088 % exceeding all the nicke! contents measured in the Syrian 

'2 Abbreviations in Table 3: under "Official", C. or "A" = Coponius or Ambibulus; under "Date A.D:', 
6/9 = A.D. 6 or A.D. 8/9; 30/2 = A.D. 30/ 31 or A.D. 31132; under "Coin no: ', P = Procurator and 
A = Agrippa I. 
For the sake of clarity are all the Procuratorial coins in the column listed first (P-I - 7 and P-9 - 12) leaving 
room for a coin no "8", which, from a chronological point of view is the coin of Agrippa I at the end 
of the presentation (A !). The coin of Agrippa I postdates coin no. 7 and precedes no. 9, but is placed 
as the final issue in the table because of a different minting authority. 

3 CARTER 1983, pp. 27 - 28. 
4 !dem, pp. 28, 36. 
5 CARTER 1983, p. 28. 
6 !dem, p. 27 . 
7 !dem, p. 28. 
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(Antioch) coins. Nickel proportions 18 aremoreuniform in the Antiach coins up to the 
time of Domitian, after which the proportians rise increasingly. Even the average 
concentrations in the Judaean coins are still very high (0.028 OJo -0.032 OJo ), indicating 
that some kind of contamination 19 of the meta! occurred, perhaps by adding old coins 
to the melt. 

Copper ores often contain from nature valuable impurities such as silver (Ag). The 
element is present in the entire bulk of Imperial coins minted in Rome ranging from 
0.026 o/o to 0.071 %20 • 1t is interesting to observe that the analyzed coins showed quite 
high silver concentrations between 0.044 07o and 0.526 O?o. The mean contents of silver 
in the Procuratorial coins is 0.06 07o - twice the contents measured in the Antiach 
dupondii et assis. Co in P-5 of Valerius Gratus is unique in its silver contents: 0.526 OJo! 
The extremely high silver contents is, in fact, the second Iargest proportion of silver to 
date (1977)21 measured in any Roman copper-based coin. 

The next impurity determined was antimony (Sb). Antimony is present in Tiberian 
and Claudian coins in modest quantities (Antioch: Tiberius - Claudius: 0.026 07o-
0.272 O?o; Nero - Trajan: 0.064-0.107 07o )22 . Antimony proportians in the Judaean 
coins range from the lowest figure of 0.035 % up to the appreciable amount of 0.156 07o 
(P-7). The mean contents A.D. 6- 31/2 is 0.08 07o (later 0.065 07o) conforming to the 
amounts detected in the Antiach coins. 

Arsenic (As), cannot be observed in concentrations less than 0.02 % - 0.03 07o 23 . 

Arsenic24 was absent from Tiberian coins, small contents (0.02 07o - 0.04 07o) were 
measured in Claudian coins, but from Nero onwards the constituent is frequently found 
in concentrations less than 0.05 O?o. Contents detected in the Judaean coins fall under 
0.05 07o in half the cases, the rest of the coins display proportians from 0.046 07o to 
the very high 0.1 07o (P-1) and 0.124 07o (P-11). After the highest proportion recorded in 
the first coin (P-1) the concentrations diminish, being still high in coins P-2- P-3, then 
falling below 0.05 %, to rise to the maximum of 0.124 07o under Felix (P-11). Also the 
other coin of Felix (P-12) showed a high arsenic Ievel. The average contents of antimony 
and arsenic measured in the Procuratorial coins weil exceed the values CALEY25 report
ed for Greek Imperial bronze coins. 

No cobalt (Co)26 was detected in the Antiach coins before the debasement began 
under the reign of Domitian. Thereafter the cobalt Ievel stayed between 0.003 07o -
0.007 OJo. In the Judaean coins cobalt was determined only above a Ievel of 0.005 O?o. 

18 ldem, p. 27. 

19 Idem, p. 28. 
20 I dem, p. 27. 
21 CARTER 1977, p. 59. An Roman as no. R-753, minted in Rome 22 B.C. was found to comprise silver in 

a content of 0.76 Ofo. 
22 CARTER 1983, p. 27. 
23 CARTER 1983, p. 36. 
24 lbid. 
25 1964, passim. 
26 Idem, p. 27. 
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If detected, cobalt was present in concentrations 2- 4 times27 as high as in the Antiach 
coins. Cobalt's usefulness is that it indicates changes in the original ore source orthat 
contamination in the melt by the addition of old coins or other objects took place. 28 

Bismuth (Bi) was not detected in the Judaean coins above 0.025 OJo, and therefore is of 
no significance here. The gold (Au) contents was uniform, below 0.01 OJo in all of the 
coins. 

The microstructures of the coins 

Metallographie sections of the coins were investigated using a microscope in search of 
dendrites and other signs illuminating the conditions under which the coins were 
struck. 

Though some diversity in the manufacture appeared, it was possible to conclude that 
all the coins were prepared from cast flans. Blanks were systematically prepared by 
casting them in vertical two-sided moulds where the flan stripes kept the flans together. 
The moduls have left visible marks on the coins: cracks and ridges. 

The ready-made coins were then fired. Crystalline features of the sections indicate that 
the heated and punched flans were not quenched in any solution, acid or liquid, but 
rather cooled naturally. Only one coin, namely coin no. 3, shows !arge dendrites, which 
according to Prof. R rEDERER, was due to a slower cooling rate. All the analyzed coins 
displyed typical microstructures of leaded bronzes indicating that they had probably 
been hot worked. However, many coins have as well been found double struck, which 
may well indicate that also cold striking was occasionally resorted to. No signs of sub
sequent reheating could be seen. Coins nos. 3, 4, 6 and 8 showed the ordinary type of 
dendrites for bronze alloys. In the rest of the coins (nos. 1, 2, 5, 7, 9 -12) !arge nodules 
of Iead were included in the alloy. But here again, the size of the Iead nodules was 
determined in proportionate degree to the rate of cooling. Finally, the photos 1 -12 
illustrate the examination of the microstructures. 

Conclusions 

The chemical analysis confirms that all the coins are essentially of tin-bronze, but some 
have a notable addition of Iead. There can be no doubt that this Iead was actually 
added in !arge proportians to the melt. 

lt has no wider chronological implications in this context, however, the chemical com
position of coin P-5 gives reason to believe that it cannot have been minted in A.D. 
24/25, but can rather be assigned an earlier date of A.D. 17/ 18 or A.D. 18/ 19. After 
this chronological switch29 a striking feature occurs: two different alloys seem to have 
been employed. 

-\. An alloy (represented here by the coins P-3, P-4 and P-6) which is close to the tradi
tional tin-bronze. The copper proportians range from 91.31 OJo till 94.71 OJo and the 

~7 Ibid. 
~ 8 !dem, p. 28. 
:9 Followed up in Tables 2- 3. 
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tin proportians from 4.94 !J!o to 8.22 OJo. Lead is present only in insignificant pro
portions. The use of this pure copper-tin a!loy seems to be confined to the years 
A.D. 24/25-29/30. 

B. The chemical composition of the second group is less uniform, showing a copper 
contents between 70.88 !J!o and 81.53 !J!o, a tin contents from 4.95 !J!o to 10.34 !J!o and 
a Iead contents from a minimum of 11.52 !J!o up to a maximum of 20.95 !J!o. Lead 
is thus not a minor impurity, but a major constituent in the alloy. 

The presence of Iead in !arge quantities does not specifically imply that it was added 
in order to debase the coinage. It had indeed been consistent to reduce the tin contents 
and not the copper contents to make economic profit30 (cf. coin no. P-5). Still the 
presence of Iead in such high proportians as 20,95 !J!o is open to question. I would 
prefer to attribute the presence of Iead to some technical reasons31 , rather than 
debasement, at least as long as the tin contents remairred high. Unfortunately, we do 
not have any new information as to why the Iead A.D. 24/25-29/30 was suddenly 
omitted from the alloy, only to reappear later under the administration of the Jewish 
King Agrippa I. 32 The relatively high concentrations of cobalt, silver and other 
impurities in most of the coins seem to be connected to the melt or the mineral source 
and underline the assumption of unstable minting conditions. Ore sources and minting 
technics may weil have varied and reuse of old coins may also have been in practice. 

Consequently, it is quite evident that the consistent policy of the Roman governors of 
Judaea was to produce leaded or highly Ieaded-tin-bronze coins. One might even 
venture to say that the purpose was to recall the previous Hellenistic tradition33 . 

Constituents in the alloy of the Procuratorial coirrage correspond to their Syrian 
counterparts34 , also produced in this unique alloy35 . Though it has to be born in mind 
that the Judaean coins antedate weil the Syrian ones almost with a decade. 

30 The cost of copper, tin and Iead in Roman Judaea can also be a matter of controversy. Can we be 
confident that there were no significant differences between the values of metals in the different parts of 
the Roman Empire? Roman Judaea had for instance no mines of great importance insideher territorial 
boundary and all the ores or meta! bars had to be imported. This, in turn, has brought about views that 
the price of Iead in Judaea can have been as high as copper (ARtEL 1982, passim). In the estimations of 
the relationship between different metals in this paper I have followed the generat idea of ratio of 5 : I 
in favour for the tin (presented by CARTER, 1983, p. 25). 

3l Such as facilitating the casting of flans . 
32 Marked differences in the chemical composition give pander for new specu1ations about the chrono1ogy 

of the Tiberian praefecti of Roman Judaea and the narratives of Josephus. 
33 Estimations of the chemical elements in the alloy used by the Roman Procurators' of Judaea provide us 

with the mean values of Cu 75 OJo, Sn 8 OJo and Pb 16 OJo . Furthermore, these determined values are very 
close to the ones reported for some Hellenistic tin-bronze coins (BURNETT - CRADDOCK - PRESTON, 
1982, p. 263) and confirm as well with the estimations (unpublished) of the composition of the Herodian 
coinage which circu1ated in the area (Cu 75 OJo, Sn 10 OJo and Pb 15 OJo). See MEYSHAN 1967, p. 224. 

34 Though of !arger denominations. The face va1ue of the Procurator's coins of Judaea have been discussed 
e1sewhere (LöNNQVIST, K., 1989, The Provincia1 Policy of Rome in Judaea in the Light of the Procura
toria1 Coinage of the Period. MA-thesis, Department of Archaeology at Helsinki University), and the 
denomination appear to correspond to a Roman triens. The Syrian coins - clearly of two denominations 
- have been identified as representing Roman dupondii and asses (see CARTER, 1983, p. 25). 

35 Differing significantly from the metals of the Roman Imperial base coins. Therefore reasons for the 
coining permissu Augusti in different alloys in the East must be sought from the Roman monetary policy. 
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Finally, all the discussed constituents are displayed in a graphic form in the following 
13 figures. Figures I - 13, followed by the microscope photographs of the cross-section 
of the coins. The vertical scale represents the o/o division of the weight of each element, 
the horizontal scale the number of specimens analysed. Each dot represents one coin. 
"P" denotes "Procurator" and "A" Agrippa I. P-1 (M. I- 3) was minted under 
Coponius/Ambibulus; P-2 (M. 6), P-3 (M. I9), P-4 (M. I9), P-5 (M. I7 -I9) were struck 
under Gratus; P-6 (M. 2I) and P-7 (M. 23- 24) under Pilate; A-1 (M. 11) under Agrippa 
I, A.D. 42/ 3; P-9 (M. 29) and P-10 (M. 32) under Felix; P-11-12 (M. 35) under Festus. 
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Fig. 5: Weight % or Iron 
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Fig. 6: Weight o/o of Nickel 
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Fig. 7: Weight % of Silver 
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Fig. 8: Weight O?o of Antimony 
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Fig. 9: Weight % of Arsenic 
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Fig. 10: Weight OJo of Bismuth 
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Fig. II : Weight OJo of Cobalt 
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Fig. 12: Weight 0/o of Gold 
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Fig. 13 Tin Contents in Weight Percent 
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