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Abstract

The fundamental position of this thesis is that Roman gold coinage forms an

as-yet-under-exploited evidence base for understanding the Roman economy.

The work is organised into two sections. The first deals with the ‘function’

of Roman gold coinage and seeks to define how it was used by individuals

and why it was used and valued in certain ways at certain times. The second

section investigates the production of the aureus and the solidus. The purpose

of this section is to determine the purity of the gold coinage and the geological

provenance of the gold used to produce it, in order to better understand the

nature of state finances over time as well as the complex system of metal

extraction and supply that made the regular production of the aureus and

solidus possible.

Changes in how the gold coinage was valued, to what degree it was trusted

and under what economic principles it operated from 50 BC to AD 450 are

identified and discussed. Furthermore, existing thinking on these topics and

on the velocity of the circulation of the aureus is challenged. The chapters on

these topics make extensive use of a metrological database that contains over

9000 individual weights of aurei and solidi from coin hoards.

This is supplemented with both major and trace element analysis of 573

Roman gold coins held by the Ashmolean Museum. This has allowed for the

relatively precise characterisation of a number of distinct gold sources over

time. While already historically interesting, the conclusions from the chemical

data were also used to further strengthen the conclusions made on the basis

of the metrological data. Most notable was the identification of a period of

recycling in the late third century, which perhaps explains why aurei of this

century are relatively absent in the material record.
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Chapter 1

Introduction

The fundamental position of this thesis is that Roman gold coinage forms an

as-yet-under-exploited evidence base for understanding the Roman economy.

This includes the behaviour of the individuals, and institutions, within it, the

gold supply network that made the mass production of a gold coinage possible

over the c. 500 year period this thesis covers, and the economic consequences

of the various historical events that occurred across the lifetime of the Roman

Empire. The work is organised into two sections. The first deals with the

‘function’ of Roman gold coinage and seeks to define how it was valued in the

Roman world, how it was used by individuals, why it was used and valued in

certain ways at certain times, and what economic principles were governing

these decisions. The second section investigates the production of the aureus

and the solidus. The purpose of this section is to determine the purity of the

gold coinage and the geological provenance of the gold used to produce it,

in order to better understand the nature of state finances over time as well

as the complex system of metal extraction and supply that made the regular

production of the aureus and solidus possible. While these two approaches

are organised separately, the subject matter is certainly intertwined. When

exploring trust in the gold coinage we need to know both the weight and

the gold content of the coin in order to determine its intrinsic value; we

also cannot understand the problems surrounding coin supply if we cannot

understand the complications surrounding the metal supply; and finally, if

there are periods where certain types of gold coins are being withdrawn then

this is inherently opening up the matter of recycling of resources in the ancient

world. As such, by investigating both the ‘function’ and ‘production’ of Roman

gold coinage we can not only gain an insight into state level activity, but

also under what economic principles and pressures ancient individuals were

actually using their gold coinages.

1



Museum collections have been extensively used to study Roman gold

coinage. These collections have proved particularly useful for determining the

various weight standards the aureus and solidus were struck to and for looking

at minting patterns in general. These curated collections are, however, devoid

of the context of function: they contain selected pieces from various hoards

and find spots that were deposited or lost across a range of closing dates.

Important contexts - such as when these coins were deposited, or what they

were deposited with - are therefore lost when analysing museum collections.

As such, in order to investigate the function of Roman gold coinage and

determine how ancient individuals used these objects, this context of function

must be retained. As part of this thesis, over 9000 individual weights of Roman

gold coins from hoards have been collected. Gold coin hoards here are defined

as a deposition of at least one gold coin alongside at least one other object. For

the metrological data these ‘other objects’ nearly always include a number of

other gold coins. Single finds of gold coins are not included as hoards.

In a hoard, gold coins are being used as a store of wealth.1 As such, hoards

provide a ‘snapshot’ of function. If we have a ‘snapshot’ of the function of

these objects then we can determine how the ancient individual is actually

using gold coinage. If we have a ‘how’ we can then propose a ‘why.’ Through

proposing ‘why’ we can then explore the relationship between the individual

and the state, elucidate concepts of trust in the Roman economy, examine the

fundamental principles of the economy these individuals are operating in and,

ultimately, gain a better understanding of the mentality of the individuals

who were using gold coins. This approach is a relatively fresh one compared

with the existing scholarly field. Generally speaking, the existing work on the

function of the gold coinage has focused on circulation and, more specifically,

has centred on whether Roman gold coins were spent or remained static.

Lo Cascio (2008) provides an efficient summary of the current thinking and

dominant scholarly traditions surrounding the function of Roman gold. The

ideas and arguments of Duncan-Jones (1994), Jongman (2003) and Banaji

(2001) all feature quite heavily and, broadly speaking, focus largely on the

velocity of circulation of Roman gold.

In short the section on the ‘function’ of the gold coinage seeks to go beyond

questions of circulation. The use of weight data from hoards is not, in of

itself, novel. For example, Duncan-Jones (1994) uses the weights from an

unpublished hoard deposited in modern day Belgium to determine the rate

of wear for aurei in circulation. However, the use of just a single hoard does

1See page 10 for a discussion of ritual deposits.

2



not provide a particularly firm foundation for wide ranging conclusions; and

nor is it necessary to restrict the analysis of this kind of metrological data

to questions of circulation (or the velocity thereof). The role of trust in the

Roman economy, for instance, is a particularly interesting concept that can be

explored through the use of metrological data. Again, exploring the concept of

trust in the Roman economy is not new either. For example, Haklai-Rotenberg

(2011) looks at how trust affected the value of coinage after the monetary

reforms of Aurelian. In this particular instance, the focus is on applying

economic theory to the history of the late-third century, rather than seeing

how existing theories fit in with the primary material evidence. Considering

all this, a substantial database of metrological data purposefully used to

explore economic questions beyond circulation, across the geographical and

chronological whole of the Roman Empire, has substantial scope for novel

conclusions.

In terms of production, the dominant work on the purity and trace element

composition of Roman gold coinage is approximately 35 years old the time of

writing. Morrisson et al. (1985) almost exclusively focused their efforts on

Roman gold from the third century AD onwards – which excludes over 250

years of Roman aureus production. The vast majority of this particular work

concerns the production of Byzantine gold coinage. Furthermore, they focused

largely on the relationship between silver and lead in sub-sets of their data in

order to determine the production techniques employed by the Romans and

almost exclusively on the presence of platinum in order to determine the metal

sources exploited under the empire. Both of these methodologies can certainly

be improved upon. The relationship between bismuth and silver, and copper

and various other trace elements can help to elucidate whether these particular

metals were deliberately added to the gold coinage, or simply not fully refined

out the gold used to make the coin. Equally, gold sources are defined by more

than their platinum contents: iron, zinc, tellurium, antimony, manganese and

tin can all be used, in addition to the platinum group elements, in order to

provenance gold sources (Gauert et al., 2016; Grigorova et al., 1998; Watling

et al., 1994). Finally, Morrisson et al. (1985) made use of proton activation

analysis to determine the trace elements in their samples, whereas this thesis

makes use of laser ablation inductively coupled mass spectrometry (LA-ICP-

MS). One major scholarly advantage of doing this is that the results here can

be directly compared with important international research groups that use

this same, more modern, technique. Specifically, the Le Projet AVREVS at

the Centre Ernest-Babelon de l’IRAMAT and the Université d’Orléans. The

work of Arnaud Suspène, Maryse Blet-Lemarquand and others involved in
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this project has made powerful use of the relationship between platinum and

palladium in order to differentiate the products of different mints, as well as to

propose provenances for the gold used to make early imperial gold coins. This

work can be built upon not only by extending the time period the analyses

cover, but also by making use of more chemical markers to provenance the

original source of the gold used to strike coinage. The section on production

not only seeks to answer questions surrounding manufacturing techniques,

major gold sources and periods of recycling, but also to use the knowledge

gained to better contextualise the phenomena observed in the section on the

function of the gold coinage.
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Chapter 2

Weight Data 50 BC to AD 63

In this chapter the various changes to the target weight of the aureus are

plotted using the metrological data collected from hoards. The general trend

is a downward one – the aureus was struck under Caesar at c. 8.03g and, by the

end of the period, it was issued under Claudius at c. 7.54g. Broadly speaking,

the metrological data collected here are in good agreement with most of the

figures for ‘weight standards’ that have already been published. The only

real quibble is with the suggestion of Butcher et al. (2014, 172) that there

was a minor adjustment to the target weight under Caligula, which extended

into the early years of Claudius’ reign. The aureus weights collected from this

period are too heavy to support this claim. Eleven of the weights used are from

aurei that are the ‘terminal issues’ of two different hoards; it is probable that

these coins were almost immediately taken out of circulation and so are quite

representative of the original strike weight of the coin. It should be pointed out

that only seventeen weights from this period were collected, which is hardly a

comprehensive survey, and the proposed change itself is approximately 0.03g,

which may very well be within a ‘margin of error.’ Indeed, the metrological

data support the idea that there was an inherent variation in the strike weight

of the aureus, which both hoarder and minter seemed to have accepted. As

such, it may be more accurate to view the aureus ‘standard’ as a target weight

around which the aureus was intended to cluster, rather than a ‘standard

weight’ that each coin was struck to or had to conform to.

The changes to the target weight of the aureus are used to introduce the

concept of trust in the gold coinage. Trust can be seen as the product of

the balancing of risks and expectations. The individual takes on risk by

making themselves vulnerable to a negative outcome on the expectation that

it can be avoided (Evans & Krueger, 2014, 90; Rousseau et al., 1998, 395;

Snijders & Keren, 1999). When someone exchanges goods and services for
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money that has a fiduciary element, they have made themselves ‘vulnerable’

as there is a risk that this money will not be accepted at its face value when

they try to exchange it for goods and services in the future. However, they

would only accept the fiduciary money at its face value if they had the

expectation that this potential negative outcome would not materialise. As

such, our hypothetical individual trusts their fiduciary money because after

balancing the risks and expectations, they do not believe the negative outcome

will occur. For psychologists and game-theorists these sorts of interactions

can be modelled using relatively simple dilemma games (Camerer, 2003;

Dasguta, 1988), however trust in ‘real-world’ scenarios is the product of a

variety of phenomena (Levi, 2003, 78), which leads to rational and irrational

expectations and perceived risks. For Roman gold coinage the risk to the

individual exists in the disparity between the state appointed face value and

the intrinsic value of the coin. Since the face value is partially backed by the

gold the coin is made of, then we can perhaps see ‘egocentric’ trust (Evans

& Krueger, 2014, 91-2; Malhotra, 2004, 70-1; Snijders & Keren, 1999) in the

gold coinage. Essentially, individuals are happy to trust the coin because they

perceive the risk to themselves to be low. The gold coinage is backed by the

authority of the Roman state and so we may also see ‘cognitive’ trust (Chua et

al., 2008, 437; Lewis & Weigert, 1985, 970), as the individual would be familiar

with the Roman state and so able to make reasonably informed decisions

about its competency, reliability, stability and general trustworthiness when

it came to honouring the value of its coinage. Finally, it is also probable that

individuals had some emotive connection to the coinage and/or the state, and

as such had ‘affective’ trust (Chua et al., 2008, 437; Lewis & Weigert, 1985,

971-2) in the gold coinage. These various risks and expectations come together

to form or undermine ‘trust’ in the gold coinage. For example, lowering the

weight standard may damage trust in the gold coinage because an individual

now perceives themselves to be taking a greater risk (egocentric), to be dealing

with an unreliable or unstable second party (cognitive), and/or to be dealing

with a ‘bad’ or ‘morally corrupted’ second party (affective).

While the data for this period are not as robust as for later ones, some broad

phenomena can still be observed. First, the aureus was immediately trusted as

a store of wealth by hoarders, and seemed not to have been competing with

bullion. Second, the reduction to the weight of the coin did not affect the

trust of hoarders in it. Finally, hoarders were storing aurei of different weights

together, suggesting that they saw them as equally valid stores of wealth. A lot

of the discussion about trust relies on the 25 denarii face value of the aureus

remaining stable. The textual evidence for this is reviewed in this chapter, and
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various phenomena have been identified across the following chapters that

only really make sense if there was a stable 25 denarii face value. In the chapter

at hand, one of these instances is the state withdrawing older, higher-weight

aurei after changes to the target weight of the aureus, which can be seen in the

contents of the hoards surveyed. This decision is logical if there was profit to

be gained for the state by doing this: essentially, heavier coins were melted

down to make an increased number of lighter coins that were still tariffed at

25 denarii. The withdrawal of gold coins in this period can be seen under both

Augustus and Claudius.

2.1 Changes to the Aureus Weight Standard from

50 BC to AD 63

The ‘reign’ of Julius Caesar was chosen as the start point for the hoard data as

it was under his Dictatorship that the first regular production of Roman gold

coinage began in 46 BC, during the praetorship of A. Hirtius (Woytek, 2012a,

321). This is not to say that gold coinage was not produced before this date;

indeed, the oldest aureus in the data collected here dates from 48 BC, but the

scale of production of these earlier issues is significantly less than the Hirtius

issues. For example, very few specimens of the 48 BC issue of aurei minted

in Illyricum are known (Woytek, 2003, 142; 2012a, 321), whereas Molinari

(2003) was able to collect 537 specimens of the Hirtius aurei in her die study.

Generally, production of Roman gold coinage was rare before Caesar and when

it was produced, like under Sulla and Pompey, it was as Gelegenheitsprägungen

(von Bahrfeldt, 1923) – ‘celebration issues’ or ‘occasion coinages’ – which

are of a significantly different nature compared to the regular productions

of aurei from Caesar onwards. The most convincing explanation for Caesar’s

large issues of aurei in 46 BC remains Woytek’s (2003, 126, 85; 2014, 217-18;

2017). Caesar needed to make rapid, large ‘state payments’ to the army – who

were apparently covering some of their own costs (Suetonius, Div. Iul. 78.1)

– and to his agents, in order for them to organise things like the banquets

and spectacles associated with the inauguration of the Forum Iulium; all in

addition to paying out donatives. Essentially, it was necessitated by Caesar’s

extraordinary expenditure at this time. The Liberatores and the members of the

Second Triumvirate both continued to issue gold coins during their various

civil wars, and so, within two decades, the aureus had become a significant

part of the Roman monetary system (Hollander, 2007, 24). By the time of

Augustus, the aureus was an established component of the state’s monetary
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offering. Indeed, 49% of the numismatic wealth recorded at Kalkriese, the site

of the AD 9 ‘Varian disaster’ in the Teutoburg Forest, was made up of gold

(Berger, 2011); and by AD 79, gold made up 69% of the numismatic wealth at

Pompeii (Duncan-Jones, 1994, 71).

Pliny’s discussion of the aureus (Naturalis historia, XXXIII.13) seems to state

that the aureus weight standard began at 1/40th of a Roman pound. Both

Woytek (2012a, 321) and Butcher et al. (2014, 93) reproduce the 1/40th of

a Roman pound standard, but the former converts this to 8.18g, whereas

the latter puts it at 8.03g.2 This rather highlights the issue of dealing in

fractions of a Roman pound, when there is no definitive answer to exactly

what that is (Butcher et al., 2014, 92-4). The Brescello hoard contains 13

aurei, opens in 46 BC and closes in 42 BC. While one of these pieces is an

anomalously heavy 9.03g coin, the remaining 12 aurei have a mean and median

weight of 8.03g; which is in agreement with the figure used by Butcher et al.

(2014). Interestingly these 12 aurei range from 7.92g to 8.16g and, given the

short date range of the hoard, it is difficult to wholly blame wear through

circulation for this discrepancy: the lightest coin was issued in 43 BC, the

heaviest in 42 BC. This suggests that from the very outset there was a degree

of variation that inherently existed in the aureus weight standard, and that

both the state issuing the coin and the individual using it seemed to accept

this. Considering this, it is perhaps not useful to talk about weight standards

using specific fractions of a Roman pound and it is instead better to refer to

a generally observed ‘average’ gram weight around which there is a degree

of variation. As such, we can say that Caesar’s aurei were struck to a target

weight of approximately 8.03g and that this was the standard until the reign of

Augustus. It should be acknowledged, however, that it is improbable that mint

workers thought like this: it is much more probable that they were instructed

to divide a pound of gold into a number of equal parts in order to produce

aurei. In actuality, these parts were often not exactly equal, which makes

reproducing an accurate figure for a Roman pound difficult. This means the

average metric weight for an aureus of each standard is more useful, even if it

is somewhat anachronistic.

Under Augustus there appears to be a slight reduction in the aureus weight

standard. Duncan-Jones (1994, 216) and Butcher et al. (2014, 172) are in

good agreement over this standard: the former proposes a target weight of

7.87g and the latter presents a mean weight of 7.86g for Augustan aurei. This

probably meant that 41 aurei were now being produced from a pound of gold.

2This puts the metric figure for a Roman pound somewhere between 321.2g and 327.2g
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In the Ambenay hoard, closing around 10 BC, the 20 Augustan aurei for which

there are weights available have a mean weight of 7.88g and a median weight

of 7.875g. The Besançon hoard consists of 8 Augustan aurei, opens in 27 BC

and closes in approximately 2 BC. The coins have a mean weight of 7.89g and

a median weight of 7.895g. Finally, the Évreux hoard closes in 11 BC and

contains three Augustan aurei that have a mean weight of 7.85g and a median

of 7.89g. The weight data from all of these hoards are, then, in good agreement

with existing proposed standards. These hoards also further attest to there

being a degree of variation expected around a weight standard. The Besançon

hoards ranges from 7.82g to 7.98g, with the lightest coin being issued in 2 BC

and the heaviest 15 BC, and the Augustan aurei in the Ambenay hoard range

from 7.77g to 8.15g, with the lightest issued in 11 BC and the heaviest in 19

BC. Perhaps the underweight coins in these hoards could be attributed to wear,

but wear certainly cannot be blamed for coins being over the target weight. The

6 out of 8 aurei from the Besançon hoard, and the 9 out of the 20 Augustan

aurei from the Ambenay hoard, which are over 7.87g must, therefore, have left

the mint overweight. It would again appear that variation in strike weight was

inherent and a phenomenon that was accepted by both minter and hoarder.

The weights of the aurei in these hoards are all presented in Figure 1.

Figure 1: Weights of Aurei From Deposits Closing Between 50 BC and AD 64
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contemporary Ambenay and Besançon hoards is further interesting as the

Besançon hoard may well have been a ritualistic or religious deposition. The

hoard consisted of the eight gold coins alongside three gold rings, deposited

in the foundations of a building (Giard, 1992). We have good evidence for

ritualistic foundation deposits around the ancient Mediterranean: we have

epigraphic, pictorial and archaeological evidence in ancient Egypt (Montet,

1964; Weinstein, 2001) and Mesopotamia (Ambos, 2004; Ellis, 1968), and

examples in ancient Greece (Burkert, 1992), the Levant (Bunimowitz &

Zimhoni, 1993) and in the Roman Empire (Donderer, 1984). There is also

a long tradition of the ritual use of gold in Iron Age and early Roman Gaul

(Nick, 2018). As such, it is reasonable to suggest that the deposition of the

Besançon hoard had a ritualistic motive. If this is true, then it means the

hoarder had no intention of recovering their gold coins and spending them at

a future date. This means that the conventional logic behind ‘savings’ hoards

- that because a hoarder intends to recover their wealth at a later date they

would almost certainly choose to deposit objects they trusted to hold their

value in the medium to long term – cannot be applied here. So, should

the Besançon hoard be included in the metrological data at all? For some

ritualistic deposits it is clear that the ritual motive has affected the hoarder’s

behaviour. For example, when a depositor has bent, cut, mutilated or in some

way demonetised a coin as part of the ritual. Wigg-Wolf (2018, 18-25) refers to

this sort of behaviour as the ‘ritual killing’ of the coin, as the damage ‘kills’ the

coin as monetary object. In Gaul specifically, Aubin and Meissonnier (1994,

143-5) record early imperial bronzes with the emperor’s head defaced – which

Wigg-Wolf (2018, 23) interprets as negating the monetary authority behind the

coin - at Alesia, Port Haliguen and Villeneuve-au-Châtelot; as well as deposits

with deliberately mutilated coins at Montreuil-Bellay, Allones and Juvigne,

the last of which consists in part of nine mutilated ‘Celtic’ gold coins. In

these cases the depositors are clearly concerned with the immediate value –

monetary or symbolic – of the objects they are ‘ritually killing’. These sorts of

deposits should be excluded from the metrological dataset, even if it is only

because we cannot trust the metrology of deliberately mutilated coins.

The coins in the Besançon hoard, however, do not appear to have been

deliberately damaged. Furthermore, the speculated ritualistic motive for

deposition does not seem to have affected the selection of the coins, when the

assemblage is compared to the contemporary Ambenay hoard. The question

remains, then, is this hoarder concerned with the long term value of the coins

deposited? Arguably, yes. If we think about the ritual context of a foundation

deposit, the objects are interred in order to ensure the stability and ‘health’
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of the building that stands above it. At a fundamental level, the deposition

has a long term aim – it would go against the internal logic of the ritual to

build on top of something you did not trust long term, whether that’s the

foundations themselves or the wealth interred to protect the building. So while

the depositor may not have intended to recover the deposit, they did intend to

continue using the wealth within it. If the depositor did not trust the value of

the coins and rings in the long term, why would they trust the deposition of

said wealth to continue protecting their building in the long term? As such, if

the Besançon hoard was a foundation deposit, then this may explain why the

coins are metrologically and numismatically similar to other contemporary

presumed ‘savings’ deposits: the logic behind the selection – what do I trust

long term – was the same.

Returning to the metrology, another slight reduction to the aureus weight

standard occurred during the reign of Tiberius. Duncan-Jones (1994, 216)

puts the new standard at 7.78g, with the data presented by Butcher et al.

(2014, 172) corroborating this figure. It is difficult to match this to a simplified

fraction of a Roman pound, but this change may have meant that an additional

aureus was produced for every two or three pounds of gold struck compared

with the previous standard. This standard appears to continue until AD 51.

Butcher et al. (2014, 172) offer a different narrative, however, preferring to see

the aureus standard dropping to 7.75g under Caligula and then to 7.74g for

the first ten years of Claudius’ reign. Within the data collected here there is

not enough evidence to fully assess the weight standard under Caligula, but

there is enough to assess it under Claudius. The data collected do not support

a deliberate alteration to the weight standard of the aureus at this time. The

Patras hoard closes in AD 46 (Figure 1) and contains seven aurei issued in AD

46, which have a mean weight of 7.79g. The mean weight of the 11 aurei issued

under Claudius in this hoard is 7.77g. The Bredgar hoard closes in AD 41 and

has four aurei issued in this year, which have a mean weight of 7.78g. The aurei

from these two hoards, which are minted very close to the closing dates, simply

do not support the notion that the state was deliberately and regularly minting

aurei at 7.74g. Indeed, it seems quite improbable that the state would use its

resources to alter its coinage by three hundredths of a gram and then again

by one hundredth of a gram. It is improbable the mint could have worked at

such a precise scale anyway. Furthermore, there is no evidence for this kind

of minute alteration happening at any other point in the imperial period –

the Tiberian reduction is the smallest and this is approximately 0.09 grams,

triple the proposed reduction under Caligula. Perhaps the weight standard

was reduced under Caligula, but then raised back up again under Claudius.
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The two aurei minted under Caligula in the Patras hoard weigh 7.75g and

7.74g, which matches the proposed lower-weight standard. However, it must

be remembered that the Patras hoard closed at least ten years after these coins

first entered circulation. The weight of these aurei, therefore, represents the

mint weight minus the weight lost due to ten years of circulation. Unless these

coins were almost immediately taken out of circulation, it is quite probable

they were minted at a fractionally higher-weight – probably something closer

to 7.78g than 7.75g. Of course, significant conclusions cannot be based on two

aurei, but the hoard evidence in general does not seem to support a stepped

decline in the weight standard between Tiberius and Claudius. As such, it is

probably broadly correct to state that from AD 14 to AD 50, the aureus weight

standard clustered at 7.78g.

In AD 51 Claudius reduced the aureus standard to approximately 7.67g

(Butcher et al., 2014, 94, 172), and this strike weight seemed to have been

continued by Nero. With this change, 42 aurei were now probably produced

from each pound of gold. The Szombathely-Herényi hoard closes in AD 62

(Figure 1) and contains 13 aurei minted from AD 51 onwards, which have a

mean weight of 7.65g. Allowing for some degree of weight loss due to wear,

the mean weight expressed in this hoard is in good agreement with the 7.67g

figure for the standard at this point. Indeed, the mean weight of the two aurei

struck in AD 62 is 7.67g, although an average of two is not particularly useful

the fact these coins weigh 7.63g and 7.71g respectively suggests that small

variations in strike weight was still an inherent part of the minting process.

Overall, it would appear that Pliny’s characterisation of the aureus weight

standards in this period is broadly correct, even if it is slightly imprecise.

The aureus was struck at approximately 8.03g under Caesar, after which Pliny

(Naturalis historia, XXXIII.47) states that the standard declines until the reform

under Nero. The evidence collected here supports the existence of this decline.

The target weight drops to c. 7.87g under Augustus and then to approximately

7.78g under Tiberius. This standard appears to continue until AD 51, at

which point Claudius reduces the standard again to approximately 7.67g.

This continues until Nero’s reforms in AD 64. It should be remembered that

the concept of a weight standard in the Roman world does not seem to be a

minimum weight aurei have to reach to avoid being substandard or defective.

Indeed, slightly overweight, slightly underweight and exact weight aurei were

all used alongside each other by hoarders, suggesting they did not reject aurei

that did not match the weight standard employed by the state. Instead, weight

standards seem to be the weight around which freshly minted coins were

intended to cluster, with a small degree of variation in weight accepted by
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the state issuing, and the individuals hoarding, the coins.

2.1.1 Reaction to Weight Changes

In the first few decades of this period the introductory weight of the aureus

seemed to have been accepted as valid, by both the state and by individuals.

Aurei were minted at this c. 8.03g weight standard for approximately the

next 20 years, and hoarders almost immediately began trusting these coins

as a store of wealth. For example, the Brescello hoard was deposited only 5

years after Caesar’s regular production of the aureus in 46 BC and contained

13 aurei in total. This represents approximately a year and a half’s pay for

a contemporary legionary (Speidel, 2014, 56) and so it can be assumed the

hoarder would not have stored this kind of value in a medium they did not

trust. Outside of the hoards collected as part of the weight data, there are

a few other hoards containing aurei deposited soon after the start of regular

aurei production in 46 BC. The Cavriago hoard (CHRR ID: CAV) contained

seven aurei and was deposited in 45 BC, and the Thrace hoard (CHRR ID:

THR) deposited in 43 BC contained two aurei alongside 54 denarii. The use

of these aurei as a store of wealth so quickly after 46 BC suggests that there

was, at least amongst these hoarders, almost immediate faith in the value of

the aureus. The CHRR Online database has four hoards containing aurei that

close between 46 BC and 28 BC, and the CHRE Online database has another

four hoards containing aurei that close within this date range. These eight

hoards represent the deposition of over 100 aurei struck to the Caesarean

standard in this 19 year period. It would appear that the overall reaction to

the introduction of the Caesarean weight standard was one of acceptance. The

25 denarii face value of the c. 8g gold coins was clearly close enough to the

metallic value of the coin to preserve some kind of validity between the tariff
and the intrinsic value of the piece. Essentially the state did not overvalue

the aureus to the extent that any trust in the face value was eroded. Equally,

it can be quite safely assumed that the coin was overvalued enough to cover

the resource costs incurred by the state for producing aurei in the first place.

Woytek (2003, 182-6, 264-8) argues that the regular production of aurei was

predicated on the need to make large state payments in the form of pay to

Caesar’s victorious legions and as triumphal donatives to the people of Rome.

As such, it makes very little sense for the state to willingly undervalue these

aurei and produce them at a loss.

We do have some evidence for the price of gold bullion in this particular

period. Suetonius (Div. Iul. 54) records that during Caesar’s campaigns in Gaul
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(58 BC to 50 BC) he had so much gold that he began selling it in Italy and the

provinces for 3000 sestertii per pound. Probably somewhere between five to

ten years after this apparent sale of gold, a pound of aurei were tariffed at 4000

sestertii with Caesar’s issues under Hirtius. Whether exaggerated or not, it is

safe to assume that the price of 3000 sestertii quoted by Suetonius represents

a noteworthy discount on the usual price of gold bullion – the incident is not

particularly worth recording otherwise. The purpose of bullion is to serve

a stable store of value and, as such, even a modest discount in percentage

terms on the market price would represent an exceedingly good deal for the

buyer. A price of 4000 sestertii per pound for aurei, then, is almost certainly

an overvaluation compared with the market price of gold, but it is unlikely to

have been an egregious one.

When the weight standard of the aureus was reduced in this period, the

reaction from hoarders was relatively muted. Hoarders were happy to hoard

the newer, lighter aurei with the older, heavier examples; and hoarders did

not appear to be rejecting new aurei in favour of older examples, with some

hoards consisting solely of the lightest standard in circulation at the time.

For example, the Ambenay, Bredgar, Chippenham, Évreux and Szombathely-

Herényi hoards all contain aurei minted to at least two different standards.

Furthermore, the aurei in the Besançon hoard, deposited around 2 BC, are

all minted to the new Augustan standard; and the aurei in the Patras hoard,

deposited around AD 46, are all minted to the contemporary standard. In both

cases older aurei struck to heavier standards were certainly still in circulation.

In Pliny’s description of the aureus he makes it clear that the weight

standard changed over the course of this period, but does not mention any

changes to the value of the coin at all. The textual evidence we do have

for the value of the aureus, while scattered, does seem to support a tariffed

face value of 25 denarii until the first half of the third century. The earliest

reference we have is from Claudius Didymus, a grammarian active in the

early first century AD under the emperor Claudius (Matthaios, 2014, 280).

In a fragment preserved in Priscian’s De figuris numerorum (Hultsch, 1866,

138-40, 86; De figuris numerorum, 18) he says that 1000 sestertii, 250 silver

denarii and 10 gold coins (chrysa) are all equivalent.3 Josephus (BJ, V.13.4),

writing under Vespasian, records a story from the siege of Jerusalem in AD

70 where deserters fleeing to the Roman camp with “χρυσοῦς” (and those

that had stolen the gold from them) were only able to exchange these for

12 Attics, where it had been 25 before.4 The fluctuation here appears to be

3“. . . διακόσια πεντήκοντα δηνάρια ἀργυρᾶ, δέκα δὲ χρυσᾶ, ἅπερ καὶ μίλλε νούμμως φασίν.”
4“. . . δώδεκα γοῦν Ἀττικῶν ὠνοῦντο πρότερον ἰσχύοντας πέντε καὶ εἴκοσιν.”
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caused by the massive distortion to the local economy caused by the siege,

coupled with supply outstripping demand, rather than anything to do with

the fabric of the aureus itself. Indeed, Josephus seems to suggest that the

normal exchange rate was 25:1, if we assume parity between the Attic drachma

and the denarius. Both Tacitus and Suetonius, writing at the beginning of the

second century AD, record an instance of Otho distributing money to soldiers

under Galba’s command. Where Tacitus (Hist. I.24) has the amount at 100

sestertii,5 Suetonius (Otho, 4) instead records it as an aureus,6 suggesting parity

between the two amounts. Lucian, writing in the second half of the second

century, writes in his Pseudologista (30) that an old man was deceived out of

30 gold coins when he paid 750 drachmas for a book on rhetoric that was in

fact a forgery.7 Finally, when reading Cassius Dio (55.12) alongside Buttrey’s

(1961) commentary, it is clear that Dio is stating that he calls the coin worth 25

drachmas an aureus.8 He did so in the early third century and so this statement

provides evidence of the 25:1 relationship at least theoretically until the time

of Alexander Severus (Buttrey, 1961, 45).

Our ancient writers are, then, reasonably consistent on the 25

denarii/drachmas face value of the aureus. When they write about the ratio

they do so without qualification about its fabric; in essence they do not

stipulate the aureus must be, for instance, old, new, full, heavy, unworn or

perceived to be of good quality. Given that all these authors would have

been familiar with aurei that were either struck to multiple standards or had

different weights due to wear, it does give the impression that the weight of

the aureus did not affect the 25 denarii face value. Given the indirect and

scattered nature of the textual evidence, an argumentum ex silentio may not

be overwhelmingly convincing. However, we do have evidence for a variety

of monetary phenomena that only really make sense if the aureus had a stable

face value and was not exchanged like a piece of bullion.9 In the period at

5“centenos nummos divideret”
6“aureos excubanti cohorti viritim dividebat”
7“ἐξαρπάσας τοῦ ἀνοήτου ἐκείνου πρεσβύτου χρυσοῦς τριάκοντα, ὁ δὲ διὰ τὸν Τισίαν ἀντὶ τοῦ

βιβλίου πεντήκοντα καὶ ἑπτακοσίας ἐξέτισε κατασοφισθείς.”
8“χρυσοῦν γὰρ δὴ καὶ ἐγὼ τὸ νόμισμα τὸ τὰς πέντε καὶ εἴκοσι δραχμὰς δυνάμενον κατὰ τὸ

ἐπιχώριον ὀνομάζω.”
9These include: the withdrawal of higher-weight aurei after a weight standard reduction,

such as under Augustus [p.19], Claudius [p.20] and Trajan [p.26]; the fact that aurei are

not stored alongside bullion-like objects by hoarders (Figure 2); hoarding patterns make it

abundantly clear when a bullionist mindset actually starts developing in the third century

(Figure 26); the default legal position of coins is that they are things to be counted, not weighed

[p.31]; Suetonius (Nero, 44) records an episode of Nero demanding a tax in unworn coin, but

this seemed to have been largely refused [p.32]; approximately half of aurei in circulation
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hand, this includes the existence of periods of withdrawal of older, higher-

weight aurei after changes to the weight standard, which would be pointless

if the coins circulated by weight; and the fact that those who hoarded gold

generally did not treat the aureus like bullion in this period, and did not store

it alongside bullion-like objects (see Table 1).

Table 1: The Contents of Hoards That Contain Gold From 50 BC to AD 192

From the CHRRO and CHRE Databases

As such, we must conclude that the changes to the mint weight of the

aureus did not affect its face value in this period. Indeed, it would certainly

be strange for Pliny to write about the weight standard changing, but to then

deliberately omit any changes made to the tariffed value of the coin. While

Pliny’s quantitative description of the weight standards may be imprecise, his

qualitative description is broadly accurate – there is no real reason to assume

that he, or any of our other sources, have deliberately misled us about the

value of the aureus in this period. With this in mind, the fact that hoarders

were happy to store noticeably different weight aurei together, or at least were

happy just to be storing newer, lighter aurei, should be interpreted as these

hoarders seeing these different weight aurei as equally valid stores of wealth.

This is because the face value of the aureus remains constant and the reduction

in weight does not appear to have caused hoarders to have lost faith in the

validity of the coin. This is a phenomenon that continues through the late first

and second centuries, and the tension between the intrinsic and face values

of the aureus is explored in much more detail in the next chapter. Returning

to the period at hand, if hoarders were to have lost faith in the face value of

appear to have weighed below 7g [p.52] – if aurei below the target weight did not have full face

value, then this is a glaring omission from our written sources given the ubiquity of lighter

aurei; when aurei are circulating as bullion in the fourth century the state heavily regulates

the coinage pool [p.127] and has a clearly bullionist mindset, e.g. demanding tax payments

in pure gold [p.133] – this is in stark contrast to the pattern in the first and second centuries

where older aurei are allowed to circulate (and wear down) for a century, suggesting a real lack

of a bullionist mindset from the state in this period.
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lower-weight aurei we would expect them to be rejecting them and just storing

the high-weight examples. This does not appear to be the case in the data

collected. Alternatively these hoarders may have been storing a variety of

weights together because there was no face value at all and the aureus was

circulating like a piece of bullion. This is highly improbable, and requires us

to believe that our written sources are simply lying about quite basic facts they

have included in their work. Realistically, it would appear that hoarders in this

period were relatively resilient to alterations to the aureus weight standard and

continued to have faith in the face value of the aureus.

This trust in the aureus is broadly reflected in the compositions of gold

hoards in this period. Table 1 above briefly outlines the contents of hoards

that contain gold, collected as part of the CHRR and CHRE Online databases,

from 50 BC until AD 192. The data provided by Hobbs (2006) was crucial

to forming a robust picture of precious metal object use in the late Roman

period, but his database is only concerned with hoards from the Severan

period onwards. As such, the data for precious metal object use in the early

and middle imperial periods are simply not as robust as the data for the later

period. Due to this, Table 1 concerns itself with providing a general overview

of the contents of gold hoards from this period, rather than the more detailed

approach taken in Appendix 1. The overall impression is that only about

10% of gold hoards in the first and second centuries contained some kind of

precious metal object. This is in good agreement with the data from AD 193

to AD 218 in Appendix 1, which have 13% of gold hoards containing precious

metal objects (Figure 2). Of the 106 hoards collected that closed between 50

BC and AD 97, only c. 3% contained gold coins alongside precious metal

objects and only c. 6% contained gold objects alongside other denominations

of coins. The specific percentages for each date range are not particularly

important: the relatively small fluctuations over time are probably just as

affected by associated objects not being recorded in the databases as they are

by the behaviour of ancient individuals. What is important for the 50 BC

to AD 63 period is that there is not a distinctly elevated incidence of gold

hoarders using precious metal objects when aurei are first introduced. The

aurei hoarded in this period are trusted as large stores of wealth immediately

and do not seem to be competing with gold or silver bullion-like objects for

this role. Perhaps the only possible exception to this is the existence of hoards

in Gaul that only contain Celtic gold staters; however, these are loosely dated

to the first century BC and may represent pre-Roman deposits. Even if these

were late first-century BC deposits they represent localised behaviour in the

relatively newly conquered Gaul, rather than in the Empire at large. Generally
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Figure 2: % of Gold Hoards Containing Precious Metal, ‘Bullion-Like’ Objects,

Between 50 BC and AD 260
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speaking, within the Roman Empire any bullionist tendencies remain muted

from the death of Julius Caesar10 until the reign of Alexander Severus.

Between 46 BC and AD 63 there were four clearly different weight

standards, with three of these coming in the first 60 years of the period. The

first weight reduction occurred only 19 years after the introduction of the

regular production of aurei. One would assume that the state would have

been hesitant to alter the intrinsic value of a relatively new denomination,

in order to build long-term trust in the coin. As shown above, the state was

able to lower the weight standard of the aureus without, it seems, affecting the

validity of the face value of the coin or causing hoarders to behave differently

towards the aureus. It is worth exploring why the state may have chosen to risk

affecting trust in the aureus in order to reduce its intrinsic value. There are two

potential explanations: necessity or efficiency.

In the case of the former, the state may have felt forced to reduce the

amount of precious metal in its coinage in order to be able to meet its financial

obligations. There are some counterpoints to this notion. Butcher et al. (2014,

173) do not see the gradual decline of the denarius weight standard in this

10See Howgego (1992, 10) for the use of bullion for payments and storing wealth in the Late

Republic, before the introduction of a regular gold coinage.
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period as an indicator of any serious fiscal inadequacy. Furthermore, if we

use patterns in maritime trade as a broad proxy for the health of the wider

economy, then this is a period during which it would appear that the Roman

economy was growing – or at least when Mediterranean trade was increasing

(Wilson, 2011). Broadly speaking, Roman hegemony in the Mediterranean was

effectively unchallenged in this period, the borders of the empire expanded

and it is difficult to find a series of major crises that follow the reductions in

the weight standards. McConnell et al. (2018) have argued that sustained

high lead emission levels in the first century AD, which can be detected in

deep Greenland ice, indicate the relatively intensive exploitation of silver

mines at this time; so it is unlikely that state finances were struggling in this

period. Moreover, this peak in lead emissions was specifically attributed to

the exploitation of silver mines in northern Spain – there are Roman gold

mines in this region that were certainly exploited during this period (Lewis

& Jones, 1970), so it is again unlikely that the state was suffering from a

lack of gold or a lack of access to gold mines. As such, without powerful

evidence to the contrary, it is difficult but to conclude that state finances were

probably relatively healthy in this period. It could be argued that the reduction

in the weight of the aureus mirrors an associated rise in the price of gold

bullion; however, this creates more problems than it solves. Under this model

we would have to assume that the price of gold rose quite steadily between

the reigns of Augustus and Nero, before it stabilised for around 150 years;

except, of course, during the reign of Domitian where there was either a ‘flash

crash’ in the price of gold, or the emperor had decided to temporarily heavily

undervalue the gold coinage and effectively give away bullion at a discount.

This kind of narrative does not seem particularly credible. Considering all

this, it seems improbable the state was forced to reduce the weight of the

aureus out of economic necessity.

Instead, these reductions should probably be viewed as acts of economic

efficiency by the state. It would appear that the state had sufficient confidence

in the strength of the face value of the aureus that it on multiple occasions

reduced the amount of gold in the coin. If the state was not forced by economic

circumstances to do this, then it was effectively ‘cashing in’ on the trust in

the aureus. Moreover, by the end of Augustus’ reign, the state had reacted

to its own weight change by starting to withdraw older, heavier aurei from

circulation. For example, the depositor of the Ambenay hoard still had access

to a number of Caesarean aurei in 10 BC, but a few years later it would

appear that the depositor of the Besançon hoard did not have access to these

older coins. The same can be said for the Limoges, Saint-Priest-sous-Aixe,
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Tipasa, Campiglia Maritima and Sallèdes hoards.11 The c. 8g, Caesarean

aurei were withdrawn and were presumably melted down, then struck into

slightly lighter aurei at the new, lower standard. Of course, there are some

hoards from later in this period that do contain pre-Augustan aurei that were

presumably minted to a heavier standard: the Bredgar and Chippenham

hoards, for instance. These are both Claudian depositions that contain an

aureus of Julius Caesar and of Octavian respectively. What is interesting is

that in both these cases the older aurei are relatively underweight: 7.86g and

7.46g respectively. Both are no heavier than some of the Augustan standard

aurei that were still in circulation and their relatively light weight may be part

of the reason why they managed to escape the melting pot.

In general, it does appear that the state managed to withdraw the vast

majority of high-weight, Caesarean standard aurei from circulation. At some

point during Claudius’ reign the state appears to have embarked on another

program of withdrawal. The Bredgar and Chippenham hoards, deposited in

AD 41 and AD 42 respectively, both contain aurei issued under Augustus.

However, the Patras hoard, deposited in AD 46, does not contain any aurei

issued before Tiberius; and the same is true of the Szombathely-Herényi hoard

that has a closing date of AD 62 (Figure 1). The composition of numerous other

hoards seems to fit with this pattern. For example, the Montans I hoard12

was deposited early on in Claudius’ reign and contains aurei issued under

Augustus. The Beaufort-En-Vallée, Iluro, Saint-Georges-Sur-Loire and Lentilly

hoards13 are all mid-Claudian or early Neronian depositions, and do not

appear to contain any aurei issued before Tiberius. It seems, then, that at some

point during the middle of Claudius’ reign that the state made a deliberate

effort to withdraw the older, heavier Augustan aurei from circulation and that

they were largely successful in this endeavour.

112 BC/AD 14, CHRE ID: 6069; 11 BC/4 BC, ID: 6074; AD 14, ID: 4941; 2 BC/AD 4, ID:

9294; and AD 14/AD 37, ID: 7351 respectively
12AD 42, CHRE ID: 5464
13AD 47, CHRE ID: 5922; AD 51, ID: 8477; AD 51, ID: 5911; and AD 60, ID: 6312

respectively
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Chapter 3

Weight Data AD 64 to AD 200

Trust remains a central theme of this chapter. Hoarders continued the

behaviour identified in the previous period: they stored a variety of weights

together; the trust in the aureus seemed not to have been affected by changes

to the weight of the coin; and the aureus appeared not to have been competing

with bullion in this period. Unlike in the previous period, there are very few

deliberate alterations to the target weight of the aureus in this date range. As

such, the majority of the variation here comes from weight loss due to wear.

The Neronian reforms in AD 64 reduced the weight of the aureus down to

a target weight of approximately 7.3g. This weight reduction did not appear

to have been accompanied by a mass withdrawal of heavier, pre-reform aurei

as these regularly appear in hoards that close decades after this reform. In

AD 82 Domitian made an attempt to return to the heavier Julio-Claudian

standard when he began striking aurei at approximately 7.8g. This standard

only really existed under Domitian, however, with Nerva and Trajan only

striking some aurei to this standard in the first century. By the beginning of the

second century Trajan had re-committed to the Neronian standard and began

the process of withdrawing the heavier Domitianic and Julio-Claudian aurei

from circulation. The Neronian standard continued virtually uninterrupted

until the early third century, when the weight was reduced to 6.5g under

Caracalla. The Neronian standard was the official standard for 118 of the 136

years between AD 64 and AD 200, and was essentially the only standard in

circulation for approximately 90 to 100 of these years. As such, it is fair to say

that at a macro level the aureus in this period is characterised by stability.

While the overall standard was stable, there was noticeable variation in the

individual weights of aurei in this period. Natural variation in strike weight

combined with wear through circulation culminates in a gold coinage pool

that stretches across a c. 2g range. As such, aurei with radically different
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intrinsic values were circulating alongside each other, despite originally being

struck to the same standard. Gresham’s Law would dictate that the ‘bad’ low-

weight aurei would drive the ‘good’ high-weight issues out of circulation. This

does not seem to be the case in the material collected. There is little evidence

that hoarders were actively selecting the highest weight coins in circulation.

Instead hoarders who preferentially selected appeared to be filtering out ‘low-

weight’ (less than 7g) issues. Preferential selection by weight is an important

behaviour to be observed as it provides compelling evidence that aurei were

circulating by their face, rather than intrinsic, value in this period. However,

this behaviour is only concentrated in hoarders who deposited fewer than 40

gold coins (for reference 12 aurei - 300 denarii - is a year’s wages for a second-

century legionary (Speidel, 2014, 56)). Generally, hoarders who deposited

more than this were happy to store aurei that were ‘low-weight’, although

occasionally hoards that slightly exceed the 40 coin boundary do display some

characteristics of preferential selection. Given the high value of gold – 1g of

gold is worth approximately 12g of silver (Butcher et al., 2014, 234) - it is

interesting that hoarders generally did not spend the time filtering out ‘low-

weight’ aurei when they deposited more than 40 gold coins. It suggests that the

face value of the aureus was particularly strong in this period: it was able to

overcome noticeable fluctuations in the intrinsic worth of aurei in circulation

and allowed aurei that differed in intrinsic value to be considered equally valid

stores of wealth.

This weight loss through wear over time shows that aurei in this period

were not static stores of wealth as Jongman (2003) argues, but had a degree

of velocity to their circulation. The idea that aurei were relatively static

stems from Duncan-Jones’ (1994) comparison between the weight loss in the

Arquennes hoard and that of the English sovereign. The weight data collected

here, however, directly contradicts Duncan-Jones’ assertions – the rate of wear

in the first- and second-century hoards surveyed far exceeds the rate offered

by Duncan-Jones. This particular calculation has been hugely influential in

this particular field: it has not only contributed to how we see the aureus,

but also the very nature of the Roman economy, and has done so relatively

unchallenged for over 25 years. As such, when the primary evidence and the

published orthodoxy are incongruent, it is necessary to examine and dissect

the existing scholarship much more thoroughly. Indeed, this has proved

particularly fruitful as improvements were able to be made to Duncan-Jones’

methodology, which was combined with the use of much more primary and

comparative material. The result is a much more comprehensive picture of the

rate of wear of the aureus, which seems to be approximately double the rate
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originally offered by Duncan-Jones.

The identification of a significant proportion of noticeably worn aurei in the

second-century circulation pool suggests that the state was not particularly

concerned by the existence of lightweight aurei in this period. However, it

clearly cared about the intrinsic value of its aurei to some extent, since it

continued to adhere to a target weight when striking these coins. Furthermore,

the discovery of two distinct groups of hoarders – one storing a relatively small

number of preferentially selected aurei and the other far greater quantities

of indiscriminately selected aurei – shows that individuals had a range of

mentalities when using these coins. Our small depositors had a much more

metallist mindset, whereas the large depositors clearly placed much greater

faith in the face value of the coin. One would assume that these mentalities

would be mutually exclusive, but they clearly existed side by side within

the Roman economy during this period. As such, the evidence collected

here can allow us to build upon existing models of the Roman economy and

inject significantly more nuance into their characterisation of the fundamental

principles that made up the Roman economic system.

3.1 Changes to the Aureus Weight Standard from

AD 64 to AD 200

The first change to the target weight of the aureus in this period was in AD

64, as a result of Nero’s coinage reforms. Evidence for this weight change

can be seen in the 1959 Pompeii hoard (Figure 3), the Utrecht hoard from the

Netherlands (Figure 4), and the Shillington Hoard from Britain (Figure 5).

In all three of these hoards, lighter post-reform aurei were being hoarded

with heavier pre-reform issues, suggesting that these were both considered

to be valid stores of wealth up to 26 years after the weight change. Nero’s

reform caused the target weight of the aureus to be reduced to approximately

7.3g. Stating a specific gram target weight for the Neronian standard aureus, or

even that it is a specific fraction of a Roman pound, is relatively controversial

given the range of estimates for the gram weight of the pound and what the

weight of the reformed aureus should have been (Butcher et al., 2014, 93-

5, 204-8).14 ‘Approximately 7.3g’ has been settled on here for a number of

reasons: the Utrecht hoard closes in AD 69, only 5 years after the Neronian

reform, and post-AD 64 aurei in this hoard average approximately 7.31g; the

Shillington hoard closes in AD 78 and aurei of Vespasian in this hoard average

14Estimates for the target weight of Nero’s post-reform aurei range from 7.2g to 7.34g
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approximately 7.28g; the Martigny hoard closes in AD 78/79 and aurei of

Vespasian in this hoard average approximately 7.31g; the average weights

of Neronian-standard aurei in all first-century AD hoards is approximately

7.29g; and the Schleitheim hoard closing in AD 106/111, only a few years

after Trajan’s return to the Neronian standard, has two aurei of Trajan struck

to this standard that weigh 7.31g and 7.27g. As such, an approximate figure of

7.3g for the Neronian standard aureus seems fair given the available evidence.

If Caesar’s aurei were struck at 40 to the pound, then an approximate weight

of 7.3g most probably meant that 44 aurei were now being produced from each

pound of gold.

Under Domitian the weight of the aureus is raised back up to the pre-reform

standard, evidence for which can be seen in the Zemun hoard from Serbia

(Figure 6). In AD 82 Domitian raised the weight of the aureus to approximately

7.75g, before reducing it slightly in AD 85 to 7.63g (Carradice, 1983, 49-50)

– both these weight standards were seen under the Julio-Claudians (Butcher

et al., 2014, 377). In the Zemun hoard, aurei issued from AD 82 to AD

98 regularly weighed anywhere from 7.5g up to 8.02g, which is almost

certainly indicative of a deliberate weight rise. As with the previous three

hoards discussed, lighter aurei are stored alongside heavier examples, again

suggesting that the hoarder considered both to be valid stores of wealth. The

Figure 3: Aurei in the Pompeii (1959) Hoard
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Figure 4: Aurei in the Utrecht Hoard
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Figure 5: Aurei in the Shillington Hoard

6.5

6.7

6.9

7.1

7.3

7.5

7.7

7.9

8.1

0 10 20 30 40 50 60 70 80 90 100

W
ei

gh
t o

f A
ur

ei
 (g

) 

Earliest Issue Date of Coin 

Shillington 

25



Figure 6: Aurei in the Zemun Hoard
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heavier aurei of Domitian disappear rather abruptly from the material record,

however. All evidence from the second century points to a quick reversal of

Domitian’s weight rise under Trajan and a return to the post-Neronian reform

standard in AD 98/99 (Woytek, 2008, 450-1). Indeed, aurei of Domitian are

conspicuous by their absence in hoards from the second century, for example,

in the Braga II hoard from Portugal, the Didcot hoard from Britain and

the Liberchies II hoard from Belgium (Figure 7). This suggests a deliberate

withdrawal of a significant proportion of the heavier aurei in circulation by

the state in the early second century AD, presumably to be melted down and

turned into a greater number of lighter coins. It could be argued that these

pre-reform issues were preferentially selected for export outside of the empire,

notably to India (Bolin, 1958, 65-77). However, there is no evidence that

the pre-reform issues exported to India are notably high-weight, and there

is also evidence for the export of post-reform aurei – it would appear that it

is the purity, not the weight of the coin, that is prized outside of the empire

(Turner, 2016, 25-6). Given this, it is not particularly probable that export

from the empire uniquely affected pre-reform aurei to the degree that this

would be an important factor in their reasonably comprehensive removal from

the circulation pool.

It is unlikely that this withdrawal was a complete or immediate one,
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Figure 7: Weights of the aurei from the Didcot, Liberchies and Braga hoards
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however. The Zemun hoard actually shows that both Trajan and Nerva struck

aurei at over 7.6g in the final years of the first century AD. Trajan, however,

seems to have returned to the Neronian standard by AD 98/99 (Woytek, 2008,

451). The Schleitheim hoard from Switzerland, closing in AD 106, stored two

high-weight aurei of Nerva – 7.63g and 7.72g – along with five aurei from the

reigns of Nero, Galba, Vespasian and Trajan struck to the post-AD 64 standard.

This suggests that while Trajan reversed Domitian’s weight rise in his own

aurei, the two standards were allowed to circulate together for at least a few

years. Although significantly less common than coins struck to the Neronian

weight standard, heavier aurei struck to Domitian’s standard can be found

in hoards from across the second century: the Vidy hoard from Switzerland

closing in AD 141 has two weighing 7.54g and 7.58g; the Trier Leostraße hoard

closing in AD 143 has two weighing 7.44g and 7.60g; the 1880s Trier Hoard

closing in AD 143 has three weighing 7.30g, 7.31g and 7.43g; and finally the

Trier hoard closing in AD 193 has 15 aurei from the reign of Domitian, but

only four of these are noticeably heavier than the 7.09g average weight of

aurei from hoards closing between AD 64 and AD 200, weighing 7.18g, 7.28g,

7.51g and 7.58g. It should be noted that of the 187 aurei of Domitian from

the Zemun hoard, 160 had a weight greater than 7.5g (approximately 85%);

compared with the 22 examples from the hoards previously listed of which
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only 5 (approximately 22%) have a weight greater than 7.5g. The fact that

these are the lighter examples of the Domitianic standard – whether due to

wear or a quirk in the original strike weight - may provide part of the reason

of why they escaped the melting pot.

The bulk of the pre-reform aurei of the Julio-Claudians were probably

withdrawn from circulation at the same time as Domitianic standard aurei.

There is some merit in the notion that this began under Domitian,15 with

the pre-reform coinage being withdrawn, melted down and used to strike

similarly high-weight Domitianic aurei. For instance, both the Zemun and

Schleitheim hoards contain no pre-reform aurei despite hoarding high-weight

examples struck to the Domitianic standard. However, the Shenstone hoard,

closing in AD 90, contains a 7.69g aureus of Tiberius and, although there

is no weight data to validate whether the coins are high-weight or not, the

Monteleone, Nijlen, Zrkovci, and Nemours hoards16 all close under Domitian

and contain aurei minted under the Julio-Claudians. This suggests that pre-

reform aurei of the Julio-Claudians were still in circulation past the reign

of Domitian. In the second-century material, high-weight, pre-reform aurei

are noticeably absent. Withdrawal probably began under Trajan, who from

either AD 107 or AD 112/3 onwards issued restitution coinages – coins

featuring the portraits and iconography of previous emperors, but struck

to the Neronian weight standard (Komnick, 2001, 110-78). There are five

examples of restitution aurei in the Trier hoard, three in the Rome via Po hoard,

two in the Liberchies II hoard and one in the Vidy hoard.

The exact issue date of restoration aurei under Trajan is somewhat

controversial. The traditional date of AD 107 is based on the idea that

the restoration issues coincided with the withdrawal of obsolete coinages

by Trajan, which is mentioned by Cassius Dio (68,15). The assumption

is that because the Romans saw their coins as circulating monumenta

(Meadows & Williams, 2012, 42, 8-9), the production of restitution issues

was contemporary with the withdrawal of the originals. This would ensure

that the ‘circulating monumenta’ of Julius Caesar and the early emperors were

not simply erased from history. Woytek (2010) instead argues for the later

date, believing that the appearance of Divus Nerva in these restoration issues

is contemporary with the appearance of Divus Nerva on Trajan’s aurei in

general, an example of which is securely dated to AD 112/3. At a purely

speculative level, it could be argued that while the withdrawal of old aurei

15Duncan-Jones (1994, 195) proposes this for the silver coinage, for example.
16Italy, CHRE ID: 6246; Belgium, ID: 6248; Slovenia, ID: 6257; and France, ID: 7061

respectively
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began in AD 107, as the traditional interpretation of Dio suggests, it took a

number of years for this process to have a major impact on the coinage pool.

On the assumption that Woytek’s dating is correct, the restoration issues in

AD 112/3 could therefore be a reaction to the success of the withdrawal of

old coin. There was no need to immediately mint restoration issues because

they were still in circulation - after a number of years of the withdrawal

process the need or desire to ‘restore’ these issues would become apparent as

individuals would observe that non-Neronian-standard aurei were no longer

in circulation. Of the 20 second-century hoards for which weight data are

available, none contain aurei that pre-date the reign of Nero. Nine pre-reform

issues of Nero are spread across six hoards, but only one example from the

Rome Via Po hoard, weighing 7.4g, is clearly above the approximately 7.3g

Neronian standard. Furthermore, only three aurei, one from the Liberchies

hoard at 7.21g and two from the Rome Via Po hoard at 7.2g and 7.4g, are above

the 7.09g average weight of aurei from hoards closing between AD 64 and Ad

200. As with Domitian’s aurei circulating in the second century, the fact that

these are some of the lightest examples of pre-reform coinage – and generally

no heavier than the aurei struck to the Neronian standard in circulation –

is probably why they were not withdrawn and melted down for their gold

content.

A final weight change in this period can potentially be seen under Didius

Julianus. While only reigning for nine weeks in AD 193, a reasonably distinct

pattern can be discerned: the three aurei of Didius Julianus from the Trier

hoard weigh 6.75g, 6.66g and 6.73g; the single example from the Villach

hoard in Austria weighs 6.8g; and the six intact aurei held by the British

Museum have a mean weight of 6.69g and a median weight of 6.74g. All

this gives a mean weight of 6.71g and a median weight of 6.74g for aurei of

Didius Julianus. Bland (1996, 67) puts the new weight standard at around

6.6g. A deliberate weight drop under Didius Julianus is interesting for two

reasons. The first is that while Septimius Severus maintained the weight of

the aureus, he did heavily debase the silver denarius coinage. The second is

that the reduced weight for the aureus adopted by Caracalla and Alexander

Severus is approximately 6.5g (Bland, 1996, 68), quite similar to the reduced

weight seemingly chosen by Didius Julianus. Although there is no way

to prove this, it is possible that the Severans and Didius Julianus were all

reacting to the same underlying financial issue or issues. On the other hand,

Didius Julianus essentially bought the throne from the Praetorians after the

assassination of Pertinax (Herodian, 2.6). The reduction in the aureus weight

could be interpreted as reflecting his personal financial problems and is,
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therefore, unlikely to have any direct link to the economic problems faced by

the Severans.

3.1.1 Reaction to Weight Changes

The reaction of hoarders to weight changes in this period seems to be relatively

muted overall. After Nero’s and Domitian’s weight reforms there does not

seem to be a sudden shift towards hoarding only the heaviest coins in

circulation. The two weight standards seem to be hoarded together up until

the reign of Trajan, at which point the heavier aurei rapidly dropped out of

hoards, presumably withdrawn from circulation by the state in order to be

melted down. Gresham’s law would dictate that Romans would seek primarily

to hoard the highest weight coins after a weight change and spend the lighter

coins at their face value. By doing this hoarders are getting the best ‘efficiency’

by retaining the greatest mass of gold possible, while exchanging the lighter

coins for the same face value. This action can also be seen as a hedge against

the monetary system failing, causing the value of the hoarded material to be

in its intrinsic, rather than face, value. Hoarders, however, were not primarily

storing high-weight aurei after a weight change, nor do heavier aurei slowly

drop out of the material record as individuals preferentially selected them for

hoarding.

It is not just deliberate weight changes that hoarders seem relatively

tolerant of. The natural variation in strike weight, coupled with the varying

effects of wear during circulation, occasionally had a greater effect on the

weight of an aureus than the deliberate circa 0.5g weight reduction seen under

Nero. Approximately 84% of the 4601 coins collected from hoards closing

between AD 64 and AD 200 lie within a 0.5g range centring on the median

weight of 7.09g. Essentially 84% weigh between 6.84g and 7.34g. This means

that 16% of the material lies outside a range that is equivalent to a deliberate,

major weight reduction. Approximately 35% of the material lies outside a

0.33g range – equivalent to two thirds of the Neronian weight reduction –

and 47% lies outside a 0.25g range – equivalent to half this weight reduction.

A degree of variation in the weight of the gold coinage, then, seems to be

something first- and second-century AD hoarders had to, and did, tolerate.

Indeed, all fourteen hoards that consisted of over 40 gold coins had a weight

range greater than 0.5g, with the median being 1.00g and the mean 1.13g.

Hoards consisting of fewer than 40 gold coins did not show the same degree

of variation in their ranges, but still had a mean range of 0.38g and a median

range of 0.43g – relatively close to the 0.5g difference between pre- and post-
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AD 64 target weights. Overall, if all 4244 aurei struck to the Neronian standard

weighed the target weight of 7.3g, then the total mass would be 30981.2g;

the actual total is 29810.96g, approximately 3-4% less. Natural variation

in strike weight combined with wear during circulation has an equivalent

overall impact to approximately half of the Neronian weight reduction, which

reduced the weight of aurei by around 6-7% from the c. 7.8g standard seen

in the early first century. In the latter years of Claudius’ reign and in the

early years of Nero’s the target weight of the aureus appears to be closer to

7.66g (Butcher et al., 2014, 94). The Neronian reform represents a 4-5%

reduction on these aurei, which is even closer to the 3-4% reduction caused

by wear. If one wishes to argue that that pre-Neronian reform aurei are

tariffed at a different value to the post-reform issues based solely on their

difference in weight, then that same argument would have to be applied to

the not insignificant proportion of low-weight aurei in circulation. There is no

evidence for multiple, competing aureus tariffs. As such, it would appear there

was a single face value for the aureus, regardless of weight differences, in this

period.

Realistically, the extra intrinsic value from preferentially selected coins

would only ever be realised if someone receiving payment refused to accept

low-weight aurei and demanded all coins be above a certain weight. This is a

plausible demand in a loan agreement: the loan is given out in unworn aurei

and is expected to be returned in unworn aurei. There is some basis for this

practice in Roman law. Pomponius, a mid-second-century Roman jurist, states

that a debtor cannot return things of a lesser quality when repaying a loan

– instead, the debtor must return items of the same quality as that which

had been given (Digest, XII.1.3). For Pomponius, this appears to hold even

when there is no stipulation specifically expressing this principle (Cairns &

Du Plessis, 2010, 232). However, Javolenus, active largely under the Flavians,

states that for generic goods a specific stipulation was required to enforce the

particular quality of good the creditor demanded (Digest, XVII.1.52). Given

that each coin denomination would almost certainly have been considered

a generic good, it is safe to assume that if a creditor wanted repayment

in unworn aurei that they must have specifically stipulated this. Even if a

stipulation could exist that forced the repayment of a loan in aurei of a specific

weight, we have to question how common this would have been. Paulus,

a jurist active in the late second and early third centuries, states that coins

are something that should be counted and not weighed (Digest, XVIII.1.)

– they are pecunia numerata not merx. As such, it would appear that the

default position of the aureus was that the face value had supremacy. Indeed,
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in our hypothetical loan agreement the creditor is effectively extending a

loan of bullion – in which case surely it would have been easier and more

economically efficient to have actually conducted the loan in bullion and used

the aurei for other purposes? So while a loan extended in unworn aurei and

returned in unworn aurei is a possible scenario, it is difficult to imagine it

being particularly representative of how the aureus was intended to be treated

in transactions.

Tangentially related to this is an episode recorded by Suetonius (Nero 44),

in which Nero demands an arbitrary tax paid only in unworn coins, and in

pure silver and gold bullion.17 While this appears to be evidence that fresh

coins were valued differently from worn ones, there are some problems with

this kind of interpretation. First, this is not a particularly representative

scenario. The context of this incident is that Nero was gearing up for a military

campaign against Vindex and Galba, and was quite clearly preoccupied with

raising bullion and perhaps, as Griffin (1984, 125) suggests, gaining the

prettiest coins for the purpose of gift exchange. This is not, then, evidence for

the wholesale repudiation of the face value of worn coins by the state. Second,

and most crucially, Suetonius records that many people actually refused to

pay at all.18 This particular demand for a tax payment in unworn coins and

in pure bullion was either so abnormal or unfair, that households in Rome

felt vindicated in refusing the Emperor himself. This passage, then, does

not provide compelling evidence that unworn aurei were routinely valued

differently to worn ones – if anything it seems to lean towards the opposite.

The most straightforward method of realising the additional intrinsic value

of a particularly heavy aureus is to simply exchange it by weight. However,

it is unlikely that the face value of the coin was so close to the average

weight of an aureus that a few tenths of a gram would have made this a

profitable practice. Actual profit could have perhaps been gained if heavier

aurei were preferentially selected for export outside the empire, in order to

be exchanged by weight for goods worth more than the face value of the coin

when brought back into the empire. Nappo (2017) argues that Julio-Claudian

denarii were preferentially selected for export to India, but these coins were

selected because of their high silver content and because of the high price of

silver in India. There was a much greater opportunity for arbitrage in the

silver coinage because of this, compared with the opportunity provided by a

few tenths of a gram weight difference in aurei. Whether every gold hoard

17“. . . ingenti fastidio et acerbitate nummum asperum, argentum pustulatum, aurum ad
obrussam”

18“. . . ut plerique omnem collationem palam recusarent”
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that showed some evidence of preferential selection by weight, no matter how

far from the frontiers, represented an international trader is difficult to know,

although it must be presumed to be unlikely given all this.

Considering all this, it seems implausible that merchants as a whole could

have successfully demanded payment solely in unworn aurei. Market forces

would favour the merchants who accepted aurei at their face value, and it

can be assumed the extra business would offset any perceived ‘losses’ from

accepting lower-weight aurei. As such, the act of preferentially selecting

higher-weight aurei and spending lower-weight ones should probably be seen

as a hedge against the monetary system failing altogether. If the aurei as a

denomination ceased to exist, or the Roman state collapsed, then the value

of the hoard would now lie in its intrinsic value and the hoarder would have

more gold than if they had not preferentially selected coins. Given that being

an international merchant or hoarding in preparation for repaying a very

specific type of loan would probably have been relatively uncommon positions

for most individuals to have been in, the action of preferential selection by

weight should probably be seen, in a general sense, as hoarders ‘playing it

safe’. Selection by weight would then act as a kind of insurance against the

monetary system collapsing.

Roman gold hoarders, then, do not seem to be following Gresham’s law:

they are storing heavier standards alongside lighter ones, and hoarding

lighter, worn issues with heavier examples. The rationale behind retaining

the heaviest aurei is that the hoarder gets the best ‘value’ – it is the most

economically ‘efficient’ action they could perform. However, this efficiency

is called into question if the hoarder is so confident in the face value of the

coin, a confidence premised on the idea that the Roman state and economy

will continue to exist, that there becomes at point at which the time spent

weighing and selecting gold coins would be better spent elsewhere. In essence,

after a certain number of coins it is simply not worth the time to preferentially

select them by weight. The strength and stability of the Roman state makes

this a plausible mindset and so does the overall consistency of Roman gold

coinage. Coins are generally struck from very high purity gold and while

hoarders have to tolerate a degree of variation in the weight, aurei weights

generally cluster around the 7.09g mean and median seen in this period. For

example, 84% of the weights are within one standard deviation of the mean,

and 99% are within two standard deviations. Overall, approximately 72% of

aurei weigh 7g or more. While small weight variations can a have a significant

impact on the intrinsic value of the coin, due to the very high value of the

gold bullion, this only matters if the hoarder’s perception of the value of the
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coin is deeply rooted in its intrinsic value. Certainly it is somewhat rooted,

hence the state striking a consistent weight standard from high purity gold

and the existence of preferential selection of aurei by small depositors, but

ancient literary sources generally seem to refer to the face value as the primary

indicator of an aureus’ value in this period. As Paulus (Digest, XVIII.1.) states,

they are pecunia numerata not merx. Furthermore, Dio (55, 12) provides good

evidence that the 25 denarii to 1 aureus fixed exchange rate existed at least until

the early third century (Butcher et al., 2014, 47-8; Buttrey, 1961). It seems,

then, that the face value of the aureus was particularly strong in this period

and, although the intrinsic value gives legitimacy to the face value, it does not

wholly define the value of the coin. As such, coins of varying weights, and

therefore intrinsic values, are used as stores of wealth together. From this it

can be inferred that the face value of the coin was also legitimised by a general

faith in the fact that the state would continue to honour the face value of the

coin and provide a stable economic system within which the coin could be

exchanged.

3.2 Trust, Preferential Selection and the Function

of the Aureus

Above it has been argued that the face value of the aureus must have been

strong in this period because coins of varying intrinsic values were being

used as stores of wealth together, suggesting the hoarder perceived them to be

equally valid at performing this task. This argument no longer holds if aurei

were circulating by weight in this period: variation in weight becomes moot

as hoarders would preferentially select by gold purity, as purity multiplied by

weight gives the overall value of the coin. However, all the evidence suggests

that gold coinage was not circulating by weight in this period. Gold coin

hoards of the first and second centuries are, in general, not associated with

additional gold bullion, precious metal objects or hackgeld. Indeed, it is not

until after AD 235 that we see gold bullion and precious metal objects being

frequently used as stores of wealth alongside gold coins. Simply looking at the

distributions of weights across this period, there is a distinct lack of both very

high-weight multiples and very low-weight fractions. The former is useful for

storing large amounts of value and the latter is more functional in terms of

spending. In the third century, for example, gold coins are regularly as light

as 3g and multiples can reach as high as 40g; compare this to the AD 64-200

period where 93% of aurei are between 6.5g and 7.5g and it is clear that there is
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a generally accepted weight region that an aureus should normally lie within.

Again, if aurei were circulating by weight then the weight of aurei in circulation

would not need to be tightly controlled, only their purity. The evidence does

not show this lack of control. Finally, it would appear that hoarders who

deposited fewer than 40 aurei (Figure 8) preferentially selected their coins

by weight – the median and mean coin weights are higher, and the weight

range of the hoards are lower, compared with those consisting of more than 40

aurei (Figure 9). This preferential selection by weight would be unnecessary if

the weight of the aureus was intended to fluctuate, or if aurei were valued by

bullion weight alone. The fact that hoarders who stored more than 40 aurei

seemed to have been drawing indiscriminately from the circulation pool does

not suggest that aurei acted like bullion. These hoarders existed in the same

system as those preferentially selecting, the behaviour of whom only makes

sense if there is a stable face value. As such, the existence of those who did not

preferentially select by weight should be seen as a vote of confidence in the

face value of the aureus in this period, rather than tortured evidence that a face

value did not exist for coins below the target weight. Indeed, even hoarders

that preferentially selected were still hoarding aurei that were approximately

4-5% below the target weight – suggesting some degree of trust in the face

value of the coin even amongst this group. Considering all of this, one can

be reasonably confident that in the first and second centuries AD aurei were

circulating by their face, rather than intrinsic, value.

Gold hoarders in this period can be divided relatively neatly into two

groups. Those depositing fewer than 40 gold coins seemed to have been

preferentially selecting higher-weight aurei for deposition, were less tolerant

of weight variance in the coinage and were acting like this regardless of closing

date or the total amount of wealth they were storing. These gold deposits and

depositors will be referred to as ‘small deposits’ and ‘small depositors’. While

numerically small these hoards were not of insignificant value: on average a

small deposit is worth approximately 1000 sestertii. Given that these hoarders

were consistently selecting coins that were at least 6.9-7g in weight, it is quite

probable they were weighing the coins before deposition. An aureus may be in

good condition, but if it was originally struck slightly underweight the level of

wear is not a good indicator of its intrinsic value. The Cailly hoard19 provides

tantalising evidence for small depositors weighing their coins. It consists of 27

aurei, ranging from Vespasian to Commodus, alongside a set of bronze scales.

Unfortunately, metrological data from this hoard seem impossible to obtain as

19France, earliest closing date AD 182, CHRE ID: 5486
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Figure 8: Aurei from Hoards Containing Fewer Than 40 Gold Coins (Median

Range: 0.43g, Mean Range: 0.38g)
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Figure 9: Aurei from Hoards Containing More Than 40 Gold Coins (Median

Range: 1.01g, Mean Range: 1.13g)
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no catalogue was made when the coins were found, and the aurei that were

given to a local museum were later stolen.

Those storing more than 40 gold coins, on the other hand, were not

preferentially selecting by weight and were significantly more tolerant of

weight variation than small depositors were. This pattern is consistent

whether tens, hundreds or thousands of gold coins were being deposited –

although the weight range is generally greater for hoards deposited later in

the period, and there is a medial positive correlation between a greater number

of gold coins and a greater range of weights. Gold deposits of more than 40

gold coins and those depositing them will be referred to as ‘large deposits’ and

‘large depositors’.

It should be noted that these patterns are much more distinct in the

material from mainland Europe than in the material from Roman Britain.

This is in part due to the uncertainty as to the exact nature of the gold

coinage pool in the second century: the Corbridge and Didcot hoards are

both distinctly different from other large deposits, showing the existence of

a distinct circulation pool or two particularly anomalous hoards. More weight

data from Britain are required to answer this. However, the pattern is less

clear, as opposed to non-existent, even with the Corbridge and Didcot hoards:

large deposits from Britain have average ranges that are 36% to 89% greater

than British small deposits (although in mainland Europe the ranges are 239%

to 255% greater).

Overall, it should be remembered that the relationship between the size of

the gold deposit and the size of the range is not a simple linear one. Spearman’s

rank correlation co-efficient analysis of the material as a whole shows that

there is a strong positive correlation between the range of a hoard and the size

of its gold deposit (Table 2). However, if the material is split at 40 gold coins

this strong positive correlation disappears (Table 3) (Table 4), regardless of

whether British data are included or not. Amongst small deposits there are

no significant correlations between the range and closing date, the date range

of the coins in the hoard, or the size of the gold deposit. If these hoarders

preferentially selected their gold coins then this makes sense, as the variable

that affected the range of the hoard would have been the selector’s personal

levels of tolerance for weight variation. Within large deposits, closing date

and date range are much stronger indicators of how great the weight range

will be. This is especially so if the potentially anomalous Corbridge and Didcot

hoards are excluded (Table 5). If these large depositors were pulling relatively

indiscriminately from the coinage pool then it makes sense that depositors

hoarding later in this period, and hoarding coins from a wider range of issue
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Table 2: Spearman’s Rank Correlation Coefficient Analysis of Hoards Closing

AD 64 - 200

Table 3: Spearman’s Rank Correlation Coefficient Analysis of Small Deposits

Closing AD 64 - 200
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Table 4: Spearman’s Rank Correlation Coefficient Analysis of Large Deposits

Closing AD 64 - 200

Table 5: Spearman’s Rank Correlation Coefficient Analysis of Large Deposits,

Excluding Corbridge and Didcot, Closing AD 64 - 200
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dates, were more exposed to lighter, worn issues. If hoarders were selecting

from a late second-century gold coinage pool and selecting Neronian issues

that have been in circulation for over a hundred years alongside freshly minted

aurei, then the range of weights is going to be much greater than if they drew

from an early second-century coinage pool and selected Neronian issues that

had only been circulating for 50 years, which would be noticeably less worn. In

all, this distinct split at approximately 40 gold coins seems to imply a general

shift in hoarding behaviour.

This clear difference between the behaviour of small and large depositors

did not seem to exist throughout the entirety of this period, however. In the

first 40 years of this period, where the Neronian standard was circulating

alongside older pre-reform aurei and newer Domitianic aurei, there did not

seem to be a clear pattern for either group of hoarders deliberately trying to

store the heaviest aurei in circulation.

The coinage pool between AD 64 and AD 106 was considerably different

from that of the remainder of the second century. Trajan was responsible for

the removal of the majority of the non-Neronian aurei in circulation, which

results in a coinage pool that was relatively homogenous in terms of the weight

standards in circulation. Between AD 64 and AD 106, the weight standard

changed four times and the competing standards seemed not to have been

withdrawn from circulation. This results in the material from AD 64 to AD

106 having a noticeably different profile to the material from the remainder

of the second century. The strong relationship between hoards containing a

greater number of gold coins and having a greater range remains across the

first and second centuries. This is not the case for the closing date of the hoard

and the date range of the aurei selected, however (Table 6). In the second-

century material, these two factors are essentially proxies for wear – generally

hoards closing later and selecting older material are more exposed to wear

and, therefore, have a greater range of weights (Table 7). Between AD 64 and

AD 106 this is not the case – hoarders selecting older coins are selecting worn

issues, but these were probably pre-reform issues that were heavier to begin

with; and hoards closing later, while selecting from a more worn coinage pool,

are also able to select from the heavier Domitianic standard aurei as well. As

such, closing date and date range are no longer strong indicators of the range

of the hoard between AD 64 and AD 106. Furthermore, given that many of

the aurei in this time period would only have been in circulation for a few

years it is not particularly surprising that wear is less of a factor than it is

later in the second century. Rather than worn, low-weight aurei causing larger

ranges, between AD 64 and AD 106 it would appear that the existence of very
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Table 6: Spearman’s Rank Correlation Coefficient Analysis of Deposits Closing

Between AD 64 and AD 106

Table 7: Spearman’s Rank Correlation Coefficient Analysis of Deposits Closing

Between AD 106 and AD 200
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high-weight aurei in a hoard correlates strongly with a greater range (Table 8).

In the material from this period, there is essentially no correlation between

the minimum weight of the hoard and whether or not it has a large range. The

maximum weight, on the other hand, correlates strongly with the total range of

the hoard and these high-weight aurei are exclusively non-Neronian-standard

issues. This contrasts greatly with the pattern in the material from after

AD 106 (Table 9). The strongest correlation is a clear negative one between

minimum weight and range – essentially a low minimum weight is associated

with a greater range.

At a surface level it would appear that this did not affect the behaviour

patterns for small and large depositors. Generally, small depositors had the

smallest ranges and large depositors the greatest, regardless of whether or

not the data are split at AD 106. The obstacle lies in the fact that between

AD 64 and AD 106 small depositors had the smallest ranges because they

were not selecting the heaviest aurei in circulation for deposition, but in the

second century they did because they were selecting the heaviest aurei. The

reverse is true for large deposits, which had a large range in the first century

because they contained lots of high-weight, non-Neronian issues, but in the

second century the large ranges were caused by the inclusion of lots of low-

weight, worn aurei. Even if non-Neronian-standard aurei are removed from

the analysis a problem still remains. The Neronian-standard aurei selected

by small and large depositors between AD 64 and AD 106 were essentially

the same; there is not a clear distinction between the hoarding behaviours of

the two groups in terms of the Neronian-standard aurei selected, in contrast

to the majority of the second century (Figure 10) (Figure 11). Perhaps there

was a change in behaviour between the first and second centuries. For small

depositors this does not make much sense given that the aurei selected were

remarkably similar in both the first and second centuries – small depositors

seemed to always select Neronian-standard aurei in the 7g area. For large

depositors the assumption would be that they were actively selecting high-

weight coins in the first century, but stopped doing this in the second. Again

this does not make much sense. First, if they were doing this why would

they so often deposit Neronian-standard issues alongside the much heavier

standards? 44% of the Utrecht hoard, 66% of the 1959 Pompeii hoard and

84% of the Zemun hoard is made up of non-Neronian-standard aurei, so the

issue is clearly not one of supply of high-weight coins. Second, what change

had occurred sometime in the early second century that rather suddenly made

preferential selection by weight so much less attractive to large depositors?

There was certainly still weight variation in the coinage pool at this time,
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Table 8: Min. Weight/Max. Weight Spearman’s Rank Correlation Coefficient

Analysis of Deposits Closing Between AD 64 and AD 106

Table 9: Min. Weight/Max. Weight Spearman’s Rank Correlation Coefficient

Analysis of Deposits Closing Between AD 106 and AD 200
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Figure 10: Neronian Standard Aurei From Small Deposits Closing Between

AD 64 and AD 106
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Figure 11: Neronian Standard Aurei from Large Deposits Closing Between AD

64 and AD 106
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so there is something to preferentially select. Furthermore, weighing the

coins would be just as time-intensive as before and depositors could still use

iconography to gauge the weight of the coin: in the second century one could

have quite safely assumed that freshly minted coins of the current Emperor

would be generally higher-weight than old, worn Neronian issues, for example.

Overall, just as with small depositors, large depositors radically changing their

behaviour at this time does not make much sense. The major obstacle, then, is

how to reconcile quite different patterns in the weight data between the first

and second centuries, with hoarding patterns that only really make sense if

there is no radical change in hoarding behaviour.

The solution to this issue can probably be found in the mentality behind

preferential selection. If we think about preferential selection as “I must

have the heaviest aurei” then the first-century data make little sense. For

example, the average weights of aurei in small deposits is less than in large

deposits, suggesting that small depositors were not actively seeking out the

highest weight coins. Furthermore, large depositors, while hoarding heavier

aurei on average, seem to be tolerant of a much greater degree of weight

variation, which goes against the notion that they are actively selecting the

highest weight coins. Considering that 194 out of 230 aurei in the Zemun

hoard are struck to the high-weight Domitianic standard, one must question

why the depositor also bothered to hoard 36 significantly lower-weight aurei if

they were actively selecting the highest weight coins in circulation. The same

question can be asked of both the 1959 Pompeii hoard and the Utrecht hoard.

Perhaps, then, the way we think about the mentality behind preferential

selection should be modified. Rather than the active selection of the highest

weight coins in circulation, which attempts to find aurei that are as close to an

abstract theoretical maximum as possible, the mentality behind preferential

selection should be seen as “I must not have the lightest aurei.” This may seem

like semantics, but it actually has quite a large effect on potential behaviour.

First, it changes the way in which a depositor selects a coin. Rather than

weighing each aureus, ranking them by weight, deciding what constitutes

‘heavy’ in this sample and then selecting the heaviest for deposition, a

depositor can simply place their desired minimum weight on one side of a set

of scales and compare each aureus against it. Filtering out low-weight issues

instead of actively searching for the heaviest is significantly more time- and

energy-efficient. Second, it allows for differing weight standards to be stored

together. Provided coins meet the minimum threshold it does not matter

what standard they were struck to. Third, it explains why the weight of the

Neronian-standard issues selected by small depositors remains remarkably
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consistent in the first and second centuries. It seems that the minimum

thresholds were set at approximately 7g and aurei from small deposits rarely

dropped below this.

Were large depositors also engaging in this kind of filtering preferential

selection from AD 64 to AD 106, given that the lowest weight aurei they

were hoarding were so similar to those hoarded by small depositors? The

answer to this is ‘probably not’, but the data set is quite inconclusive. The

Neronian-standard coins in circulation in the first century are unlikely to

have been particularly affected by wear. Three of the four large deposits

from this period close on or before AD 78, as such the level of wear these

depositors were exposed to was likely to be significantly less than in the second

century. Given that the circulation pool contained a lesser proportion of

low-weight Neronian-standard aurei than in the second century, first-century

hoards that stored large quantities of Neronian-standard aurei are necessary

to give a conclusive answer to the question of whether large depositors were

filtering out low-weight coins in this period. The Utrecht, 1959 Pompeii

and Zemun hoards all contain low numbers of Neronian-standard aurei –

28, 21 and 36 Neronian-standard aurei respectively – and are, therefore, not

particularly helpful. Furthermore, the Utrecht hoard was deposited only five

years after the Neronian reform and so is unlikely to have been exposed to

worn Neronian-standard issues. Equally, at a total of 50 gold coins it is

perfectly plausible that this depositor was acting like a small depositor. The

same can be said of the 1959 Pompeii hoard consisting of 61 gold coins. It

should be remembered that the divide drawn at 40 gold coins is a synthetic

and, importantly, porous one; it is completely expected that large depositors

storing just over 40 gold coins would have occasionally preferentially selected.

The Shillington hoard, closing in AD 78, is the only first-century deposit

collected that stored a large number of Neronian-standard issues – 105 – and

closed late enough to be exposed to at least some worn issues. Interestingly,

this is also the only large deposit that had an aureus that could be considered

low-weight at 6.85g. Overall, the data clearly show that the coinage pools

were distinctly different before and after AD 106, thanks largely to Trajan’s

withdrawal of high-weight, non-Neronian standard coinage. Whether these

periods also saw a shift in the hoarding behaviour of large depositors is

significantly less clear. Currently, it is difficult to explain why there would

have been a shift in behaviour at this point in time and it is much easier to

critique the sampling. As such, the balance of the argument is in favour of

there being no shift in behaviour, but it would only take weight data from

one or two large, late first-century Neronian-standard deposits to give a more
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definitive answer.

The gold coinage pool also seemed to have been divided geographically.

Weight variation among British hoards is significantly less pronounced than

in mainland Europe. The overall pattern that large deposits have a greater

range than small deposits still exists, but in mainland Europe the average

ranges of large deposits are 3 to 3.5 times greater, whereas in Britain they

are only approximately 1.5 times greater. For instance, the mean range of

small deposits in mainland Europe is 0.34g and for large deposits it is 1.17g;

whereas British small deposits have a mean range of 0.47g and for large

deposits it is 0.89g. This is due to the fact that small deposits collected from

Britain have average ranges greater than those from mainland Europe, and

that large deposits collected have average ranges much smaller than their

European counterparts. For the small deposits this is a sampling issue rather

than the result of the hoards being particularly abnormal. The average ranges

are increased by the fact that two of the four British small deposits store

Neronian-standard aurei with gold coins struck to a higher-weight standard.

The Springhead and Shenstone hoards have a range of 0.47g and 0.62g

respectively because of this – which is noticeably greater than the average

for small deposits from mainland Europe. However, compared with small

deposits from mainland Europe that also store Neronian-standard aurei with

aurei struck to a higher standard, the ranges of Springhead and Shenstone are

perfectly normal: the Trier Leostraße hoard has a range of 0.41g, the Xanten

hoard has a range of 0.56g and the Schleithheim hoard has a range of 0.705g.

For mainland Europe, however, there are enough small deposits that only store

Neronian-standard aurei to balance these slightly higher ranges out. This is

not the case in the sample from Britain, which is not large or diverse enough

at only four hoards. For the larger deposits the opposite is true, two of the four

large deposits seem to be particularly abnormal when compared with similar

deposits from mainland Europe. The Corbridge and Didcot hoards have

ranges of 0.58g and 0.60g respectively, significantly lower than the 1g+ range

seen in large deposits from mainland Europe. These two hoards are abnormal

and consequently distort the pattern from Roman Britain. In Spearman’s rank

correlation co-efficient analysis of hoards from mainland Europe and from

Britain, there is a clear distinction in the values returned from the two regions

(Tables 10 and 11). However, when Corbridge and Didcot are removed from

the British material, the remaining six hoards return values that loosely fit the

pattern seen in the material from mainland Europe (Table 12). Although given

the new sample sizes these correlations are not statistically significant.

The notion that Britain had a distinctly different gold coinage pool to
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Table 10: Spearman’s Rank Correlation Coefficient Analysis of Deposits From

Mainland Europe

Table 11: Spearman’s Rank Correlation Coefficient Analysis of Deposits From

Roman Britain
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Table 12: Spearman’s Rank Correlation Coefficient Analysis of Deposits From

Roman Britain, Excluding Corbridge and Didcot

mainland Europe is quite clearly reliant on Corbridge and Didcot being

truly representative of the second-century coin pool. To show this is not

the case, more large gold deposits from the second century AD that have

weight ranges similar to that seen in Europe would need to be found. If

this material exists, then the difference between British and European gold

coinage pools is probably minimal. The Corbridge and Didcot hoards would

remain interesting as they would provide evidence for large scale preferential

selection by weight of aurei in Roman Britain. Given the uncertainty

surrounding the exact nature of the circulation pool in Britain, it is prudent

to exclude it from the analysis of Europe as a whole. The work of the Portable

Antiquities Scheme means there is significantly more weight data available

for Britain compared with other regions in Europe – British material makes

up approximately 30% of the European weight data collected. This is a

disproportionately large influence, given Britain’s relatively minor status in

the Roman Empire, meaning any uncertainty or skew in the British data would

have a significant, and perhaps misleading, effect on the overall pattern from

Europe (Figures 12 and 13).

On the European mainland small depositors were consistently selecting

aurei that are between 0.1g and 0.2g heavier than aurei of the same issue

period hoarded by a large depositor. The X-axes of Figure 12, Figure 13

and Figure 14 are divided into issue periods,20 beginning with issue period

3 (Neronian) and ending with period 9 (Commodus). This means that pre-

reform aurei cannot skew the data. The gradients of Figure 12 and Figure 13

20These are the Portable Antiquities Scheme’s Reece Periods:
https://finds.org.uk/romancoins/reeceperiods/
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Figure 12: Median Weight of All Aurei From Issue Periods 3 to 9, From

Different Types of Deposit Closing AD 64 to 200
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Figure 13: Median Weight of Aurei From Issue Periods 3 to 9, From Different

Types of Deposits in Mainland Europe Closing AD 64 to 200
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Figure 14: Median Weight of Aurei From Issue Periods 3 to 9, From Different

Types of Deposits in Mainland Europe, Excluding Zemun, Closing AD 64 to

200
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are relatively consistent, with the exception of the spike occurring in issue

period 4 (Flavian) for large depositors. This spike is caused almost solely by

the inclusion of the Zemun hoard and the high-weight Domitianic aurei that it

contains. While this spike is accurate in the sense that there was a weight rise

under Domitian, it is misleading in the sense that hoarders from across the

first and second centuries were not generally hoarding Flavian coins that were

of a noticeably higher-weight than Neronian or Trajanic issues. This is largely

because high-weight Domitianic aurei were removed from the circulation

pool relatively quickly. The behaviour of the Zemun hoarder does not seem

particularly anomalous, but the circulation pool the hoarder is drawing from

is anomalous compared with the rest of this period. Excluding Zemun returns

the consistency to the pattern, with average weights of coins selected by large

hoarders generally mirroring those of the Trier hoard (Figure 14).

By hoarding heavier coins, a small deposit consisting of 10 coins would

contain approximately 1.5g more gold on average compared with a 10 coin

sample from a large deposit. This is equivalent to approximately 18g of

silver, if we use an exchange rate of 1g of gold to 12g of silver (Butcher et

al., 2014, 234). This is not an insignificant amount: denarii in the first half
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of the second century AD generally weighed around 3.41g and were 70-80%

silver (Butcher & Ponting, 2012, 70-3), so it would be fair to say that an extra

1.5g of gold would be worth an extra six to seven denarii. The exact value

conversion is not particularly important, as this is only of consequence if this

extra intrinsic value can actually be realised. One way of doing this would

be to ‘clip’ the extra gold from the coin and spend the shavings and the coin

separately. However, evidence for the widespread practice of coin clipping

in the Roman world is difficult to find,21 with the first real evidence for this

practice being found in the clipped silver siliquae in late fourth- and early

fifth-century British hoards (King, 1981). This evidence is not particularly

relevant to first- and second- century aurei. Moreover, it can be quite safely

assumed that the Roman state would have had laws and policies in place to

deter this practice: the state could have refused to accept damaged aurei at

their face value when an individual paid taxes, for example. Furthermore, the

lex Cornelia de falsis of c. 81 BC sets out the punishments for counterfeiting

the silver coinage, which was extended in the imperial period to cover the gold

coinage and the various ways it could be maltreated - which included clipping

(Grierson, 1956, 242-44).

It is worth exploring the degree of effort that this preferential selection

entails. The mean weight of aurei in small deposits from mainland Europe

is 7.23g and the median weight is 7.24g. A typical coin can be said to be

approximately 7.235g, then. The mean range of small deposits from mainland

Europe is 0.34g and the median is 0.32g. A typical range, then, can be said to

be 0.33g. As such, the ‘average’ small deposit from mainland Europe would

consist of aurei weighing within a 0.33g range centring on an ‘average’ weight

of 7.235g; in essence, between 7.07g and 7.4g. Of the 4133 aurei weights

collected from hoards from mainland Europe, 2054 are less than 7.07g and

268 are greater than 7.4g. Therefore, 56% of the collected material exists

outside of this range and 44% exists within it. It can be inferred from this

that small depositors were generally drawing from approximately 44% of the

coinage pool. In practice this percentage is a little higher as the majority of

the coins above 7.4g are the Domitianic aurei from the Zemun hoard, which

seem to have been withdrawn from circulation under Trajan. Given this, small

depositors were probably able to select just under every other aureus that they

come across – roughly 48%. The small deposit with the greatest number of

coins is the Trier Leostraße hoard consisting of 35 aurei. The depositor would

probably have required a sample of around 73 aurei in order to preferentially

21There is effectively no physical evidence for the clipping of gold coins in the Roman

period.
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select these 35. This does not seem to be a particularly onerous task, so it is

interesting to see preferential selection generally phase out after a relatively

small number of gold coins.

With any human behaviour we should be able to find exceptions to the

norm, notably those putting more effort into preferential selection and making

high-weight, low-range deposits that consist of more than 40 gold coins.

Large depositors who were potentially preferentially selecting were generally

making deposits somewhere in the 40 to 100 aurei range. In the discussion

of the first-century material the 1959 Pompeii hoard and the Utrecht hoard

were both flagged as large deposits that potentially displayed characteristics

of preferential selection. They consisted of 61 and 50 aurei respectively, had

ranges that were below average for large deposits and their compositions

suggest that the depositors could have plausibly filtered out low-weight aurei.

Given that these deposits only just exceed the large deposit threshold, it is not

implausible that they are acting like small depositors. Outside of the first-

century material, the Vidy hoard closing under Antoninus Pius is the best

example of a large depositor who could have quite plausibly filtered out low-

weight aurei. The hoard consists of 72 aurei that range from 6.99g to 7.7g,

with a mean weight of 7.27g. The distinct lack of low-weight aurei separates

this hoard from other second-century large deposits, and the approximate 7g

‘cut-off point’ could suggest this depositor was filtering out low-weight aurei

in the same way small depositors were. It must be remembered, however,

that in this same 40 to 100 aurei range exist the City of London, Augsburg and

Villach hoards, which have ranges of 1.47g, 2.04g and 1.3g respectively and all

regularly contain aurei that are below 6.5g. As such, while it is still appropriate

to label hoards that consist of over 40 gold coins as large deposits, it should be

remembered that this threshold is a synthetic and porous one. The 40 to 100

gold coin range seems to be the approximate area where hoarding behaviour is

changing, with some depositors acting like depositors of much larger hoards

and a few still potentially acting like small depositors. Generally, however, it

is difficult to find convincing and consistent evidence of preferential selection

in hoards above 40 gold coins.

Given that it seems some depositors placed a greater emphasis on the

intrinsic value of their aurei than others, it is worth exploring the mechanics

behind the value of aurei in this period. In terms of the metallist-chartalist

debate, the evidence collected suggests that the reality lies somewhere between

the two. Metallism holds that the value of money is derived from the

purchasing power of the commodity it is based upon, whereas chartalism

proposes that it is instead derived from the authority of the state (Bell, 2001,
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151-7) – the Roman monetary system is probably closer to the metallist camp

than to the chartalist. To begin with, the existence of preferential selection by

weight amongst small depositors (Figure 8) is powerful evidence that at least

some gold hoarders cared about the metal content of their aurei. As such,

a wholly chartalist model can be rejected and the focus should be on how

clearly metallist tendencies can be observed. Scheidel (2010, 95, 103-5) argues

for a “predominantly metallist model of ancient monetary history” and quite

convincingly sets out his six-point argument22 for this being the case in the

Roman world. The use of predominantly is something of a hedge, given that

Scheidel introduces little doubt into his metallist-quanitative argument for the

Roman world. To an extent this is justified. Scheidel’s main focus seems to be

on debunking the notion that bullionist and metallist tendencies seen in the

third century are completely alien to the first and second centuries, and that

price formation in the Roman world was linked to coin quality and quantity.

He does not particularly focus on how individuals used coins.

It is here that a degree of doubt can be introduced into Scheidel’s model,

at least for gold coinage in the middle imperial period. At one level both

individuals and the state cared about the gold content of the aureus: small

depositors preferentially selected by weight; Trajan withdrew high-weight

aurei presumably to melt down and restrike into lower-weight coins; and

across the period the state generally maintained a stable weight standard.

However, it seems that large depositors did not preferentially select their

aurei by weight (Figure 9). They seem to have drawn indiscriminately from

the coinage pool, suggesting that the inconvenience of the selection process

outweighed any benefit that they may have gained. This is not a case of a

lack of supply: in the Trier hoard, for example, 1488 of the 2518 aurei weigh

7g or more, and 2095 weigh 6.9g or more – thousands of relatively high-

weight aurei were available to this depositor. Furthermore, these large deposits

show that the state allowed worn gold coins to circulate for many decades.

Generally speaking, older aurei are slightly lighter than newer aurei (Figure

14). This suggests that the older aurei had been left in circulation, becoming

more worn, and that the hoards collected pulled from the contemporary

circulation pool rather than building up over a number of decades – in the

22The more convincing points include that: there is no indication that the aureus was

massively overvalued relative to its metallic value on its introduction; hoarders in the third

century preferentially selected denarii with greater silver contents; the state surface enriched

its silver coins to make them appear purer; and the state withdrew higher quality coins from

circulation in order to melt them down and mint greater numbers of slightly less pure coins

(Scheidel, 2010, 103-4).

54



latter case we would expect to see a much flatter ‘wear curve’ as the older

aurei would not have been left in circulation. Considering all this, it would

appear that there are instances where both individuals and the state were not

following a strictly metallist mind-set. Indeed, aurei of differing standards

are stored alongside each other by hoarders, and large depositors seem happy

to store a variety of weights together. While Scheidel’s metallist-quantitative

model seems to be largely correct, the evidence collected here shows that

there are occasions where there is a tangible degree of tolerance for weight

variation, which probably would not exist if individual hoarders had a solely

metallist mindset or if the perceived value of aurei was rooted completely in

their intrinsic value. As such the metallist-quantitative model seems to be a

good touchstone, but the reality of exactly how the Romans used and valued

their gold coinage is more nuanced. There is evidence for some nominalist

behaviours alongside metallist ones, which suggests that the intrinsic value

of the aureus existed in tension with the state ‘appointed’ or ‘enforced’ face

value. The state wanted these coins to be accepted at face value, but had to

in part legitimise the ‘appointed’ value by striking the coin from precious

metal, leaving the individual to navigate the tension between the intrinsic

and tariffed values. Overall, we see a spectrum of behaviours that run from

clearly metallist mind-sets to those with some characteristics of nominalist

behaviours. Although fundamentally, as Scheidel argues, the Roman monetary

system was a metallist-quantitative one, there is good evidence to suggest that

how individuals valued their gold coinage was not always solely couched in

metallist thinking, but could often exhibit some characteristics of nominalist

behaviours.

3.2.1 Circulation

Throughout this chapter the aureus has been presented as a dynamic object.

Aurei of different weights circulated, and were stored in hoards, together; the

state allowed them to remain in the circulation pool and become worn over

time; and hoarders seem to have applied differing economic principles to the

coins depending on how they used them. This is at odds, however, with the

presentation by Duncan-Jones (1994, 192) and Jongman (2003). For them the

aureus is much more static in nature. Jongman (2003) sees aurei as objects

that sat in the strongboxes of a narrow elite, who used these coins to facilitate

intergenerational transfers of wealth and the purchasing of capital assets. This

stems from the view that the Roman economy, relative to other preindustrial

economies, was underperforming and that the aureus had a low velocity of
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circulation. The foundations of this latter position are the calculations by

Duncan-Jones (1994, 181-92), which show that the rate of weight loss of the

aureus was slightly less than that of the 19th-century English sovereign, which

was deliberately alloyed for durability.

Lo Cascio (2008) effectively rebuts Jongman’s position that aurei were not

widely used to conduct more mundane transactions, outside of capital assets.

We know that the use of coins was not confined to urban centres (De Ligt,

1990, 33-43; Howgego, 1992, 20-2), and that the Roman economy was highly

monetized (Bowman & Wilson, 2009, 21, 64) – Jongman’s very minimalist

position simply does not fit with the evidence at hand. Both Martial and

Apuleius, for example, record more valuations in aurei than they do denarii,

with Apuleius frequently doing so in reference to commercial transactions (Lo

Cascio, 2008, 169). Indeed, Gricourt and Hollard (2017) may well have traced

the use of third-century aurei from a large hoard at Fontaine-la-Gaillarde for

‘one-off payments’ in the nearby (c. 8km) settlement of Sens. Furthermore,

there is no evidence that gold was restricted to a narrow elite. Both Josephus

(Jewish Wars, 5.9.1-2) and Suetonius (Domitian, 7.3) make explicit reference

to soldiers receiving aurei as part of their pay; and a papyrus dating to the

second century AD (Lo Cascio, 2008, 170) shows that a naval recruit was paid

his travel allowance in aurei (P. Oxy., 112). Moreover, Loriot’s (1988) work at

military sites along the Danube frontier of the province of Rhaetia highlights

the importance of the military in the circulation of gold coin in this province

and the surrounding regions; and in Britain, 42% of the gold single finds from

the first century AD documented by Loriot and Bland (2010) are associated

with some form of military site. Kemmers’ (2006, 251) work, on the Flavian

canabae legionis associated with the X Gemina near modern day Nijmegen in

the Netherlands, has shown that army pay certainly made its way out of the

soldiers’ pockets. Soldiers would have almost certainly spent some of their

pay locally, meaning we can expect at least some provincial merchants and

proprietors to have dealt with gold. Lo Cascio (2008, 170-1) also points out

that many of the recipients of Imperial largesse, such as the plebs frumentaria in

Rome, would have almost certainly intended to spend any aurei they received

on raising their level of consumption, rather than purchasing ‘capital assets’. If

the plebs were spending then, again, we can expect merchants and proprietors

to have also been able to deal in gold.

Ultimately, Lo Cascio is able to rebut Jongman’s assertions quite easily,

and the additional evidence presented above suggests that this rebuttal is

correct. What Lo Cascio cannot convincingly get around is Duncan-Jones’

calculations that suggest that the aureus had a low velocity of circulation.
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These calculations, and the conclusions drawn from them, are based on

metrological data and are presented as seemingly unassailable. It is worth

taking a much closer look at the data and methodology that form the

foundation of Duncan-Jones’ position.

The idea that the Roman aureus had a low velocity of circulation is based

on the metrological data from a single, unpublished, poorly defined “Belgian

hoard”23 (Duncan-Jones, 1994, 181). A small sample size, combined with

the fact that the data cannot really be validated, undermines the integrity

of this conclusion. Furthermore, Duncan-Jones’ comparative material is the

rate of wear of the English sovereign (1994, 192, Table 13.12). He claims

the data for this are from Grierson (1965, x), but, on inspection of the

claimed original source the author could not locate the relevant data. As

such, we have a claim that has seemingly been accepted for over 20 years

based on metrological data that the reader cannot reasonably view themselves,

compared against data for the English sovereign that, again, the reader cannot

reasonably be expected to be able to source. As such, this claim clearly

warrants further investigation. Throughout his analysis Duncan-Jones uses

medians to interrogate the metrological data. Normally, an advantage of using

the median is that it is less affected by abnormal values compared with the

mean – very simply put: it helps to eliminate the effect of some of the variation

in the data. However, when it comes to analysing weight loss, variation in the

metrological data is exactly what is being investigated. As such, by using a

median one is eliminating some of the variation in the data, then investigating

how much variation there is, and then concluding from the median values

that there is not very much. Indeed, Duncan-Jones (1994, 182-3) is forced to

discard his results from the analysis of the Corbridge and Liberchies hoards

because the calculated figures for weight loss per year are just too low for

credibility. So, from the outset, the data and the conclusions are being skewed

by the application of an arguably inappropriate methodology.

Furthermore, it would appear that the labels Duncan-Jones gives to his

calculations and their associated outputs are, at times, incongruent. He

presents his figures as if he is working out the median weight loss per year

of the coins in his hoards (Duncan-Jones, 1994, 181), but this is not actually

what his calculations are doing. For example, he takes the median weight of

coins of Nero struck between AD 64 and AD 68 from the ‘Belgian Hoard’;

deducts this figure from his target weight of 7.336g to work out the weight

loss; then divides this by an approximate circulation time of 139 years to get

23Now known as the Arquennes hoard
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his weight loss per year figure. This is not calculating the median weight loss

per year of the coins of Nero in the hoard; it is actually calculating the weight

loss per year of a median coin of Nero from the ‘Belgian Hoard’. This seems

like semantics, but the order of operations can affect the value that is returned.

This can be shown with the Liberchies hoard data. Duncan-Jones (1994, 182)

states that the weight loss for the Liberchies hoard is 0.00158g, or 0.022% of a

full weight aureus, per year. However if you work out the weight loss per year

for each individual coin in the hoard – so (his target weight of 7.336g minus

the weight of the coin) divided by (the closing date of the hoard minus the issue

date of the coin) – and then take a median value of all the weight loss per year

figures returned; you get a median weight loss per year figure of 0.0352g or

0.048% of a full weight aureus. This is just over double the rate of wear that

Duncan-Jones presents for the same hoard, which illustrates the point about

the order of operations being important. ‘The Belgian Hoard’ is now known as

the Arquennes hoard24 and access to the metrological data was kindly granted

by Johan van Heesch. It should be remembered that work on the hoard is

still not complete and much of the catalogue still needs to be validated at

coin level, which is why it has not been made publically available. For this

reason, the data from the Liberchies hoard provide the strongest argument,

but for the avoidance of doubt the same calculations were performed on the

Arquennes hoard. Duncan-Jones (1994, 192) states the median weight loss

per year figure for the hoard is 0.034%. If the same calculation as above is

performed, a median figure of 0.037% per year is returned. While nowhere

near as drastic as the difference in the Liberchies figures, something as simple

as a median should be easily repeatable; the fact that it is not continues to

suggest there are methodological issues.

Once Duncan-Jones has his medians he then compares them against the

figures for the English sovereign. He claims that the median weight loss

per year for the English sovereign is 0.037% and that, because it is alloyed

for hardness, this suggests that it circulated more than the Roman aureus

(Duncan-Jones, 1994, 192). While the source is not made obvious in the work,

the data for the English sovereign almost certainly come from a variety of

surveys performed by the Royal Mint in the 19th century. These, alongside

surveys for a variety of other coins from the 19th century, have been collated

by Velde (2013, 629, Table 5a) and the data from the surveys of gold have

been reproduced in Table 13 below. Duncan-Jones (1994, 192, Table 13.12)

cites three weight loss per year figures for the sovereign: 0.038%, 0.037% and

24CHRE ID: 8488
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0.035%. Looking at Table 13 below, we can see that he has chosen the three

Table 13: Surveys of the Weight Loss Seen in Various 19th Century Gold Coins

From Velde (2013)

surveys that not only return the highest weight loss per year figures, but are

also based on the smallest sample sizes. The mean of all six surveys is 0.032%

and the median is 0.033%, so Duncan-Jones’ use of just these three surveys

does present a slightly misleading picture. Moreover, it is clear that the figures

that he has chosen are actually mean values for the weight loss per year in these

particular surveys. As such, his ‘median’ value for the sovereign is actually the

median mean value across three surveys – taking a median of three means is

really just picking the second mean value anyway. The result is that he is

effectively comparing a median value for the aureus against a mean value for

the sovereign and claiming that it is a like-for-like comparison. It simply is

not, as the mean average is far more likely to return a higher figure in this sort

of data set.

Duncan-Jones has the right kind of idea, but his data set, methodology and

use of comparative material can all, in some way, be improved upon. The

metrological data collected from second-century large deposits does, however,

provide a much better foundation for this sort of analysis. The weights

of over 3000 aurei from seven hoards are available for use here, compared

with the approximately 800 weights from a single hoard used by Duncan-

Jones. Moreover, Velde’s (2013) work provides significantly more comparative

material from the 19th century, while also retaining the methodological
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context of these various surveys. In essence, it records the fact that the weight

loss per year figures presented for the English sovereign, and other 19th-

century gold coins, are mean figures. The result is that it can be ensured that

the comparison of the rate of wear between the aureus and the 19th-century

gold coins is like-for-like.

The hypothesis that will be investigated here is that the aureus had a much

higher velocity of circulation than Duncan-Jones and others give it credit for.

The mean weight loss per year for the aureus will be compared against the

mean for the English sovereign and other 19th century gold coins. The surveys

by the various mints compare well with the data from large deposits: the

surveys and hoards both take gold coins out of the circulation pool; we have a

broad idea of when this selection happened; we have a good idea of the range

of issues selected for analysis; and we know the target weights of the coins

analysed. The Roman material is presented in Table 14 and the comparative

material in Table 13. In terms of the calculations, a target weight of 7.3g

Table 14: The Weight Loss Per Year Experienced by Aurei in Various Second

Century Large Deposits

was used for aurei struck to the Neronian standard, which is in line with the

estimate presented at the beginning of the chapter. The use of a slightly lower

target weight than the one used by Duncan-Jones is actually to the detriment of

the hypothesis, as a higher target weight returns a greater weight loss per year

figure, but a target of 7.3g is the figure best supported by the metrological data

collected. Where possible, aurei that were obviously not struck to the Neronian

standard, for example under Domitian, were excluded from the calculations.
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In addition, aurei struck under the emperor with whom the hoard closes were

also excluded. This is because any slight discrepancies in the weight of these

coins were exaggerated by the fact they had only been in circulation for a few

years. These coins return misleadingly high-weight loss per year figures and

so their exclusion is, again, actually to the detriment of the hypothesis, but

their exclusion is certainly sensible.

The weight loss per year of each coin in a hoard is worked out by

performing: (target weight minus actual weight) divided by (earliest closing date

of the hoard minus the earliest issue date of the coin). The mean of these values is

taken in order to work out the mean weight loss per year in each hoard. The

use of the earliest issue date occasionally exaggerates the time a coin spent

in circulation, especially when the earliest and latest issue dates are quite far

apart. This is, again, to the detriment of the hypothesis as having a longer

circulation time reduces the weight loss per year figure. On the other hand, the

use of the earliest closing date has the potential to understate how long coins

spent in circulation. The only deposition in this particular subset of data this is

a problem for is the Vidy hoard. The terminal coins in the hoard have an issue

date of AD 141 to AD 161 and so the coins in this deposition could have spent

an additional 20 years in circulation. However, the rest of the material from

the reign of Antoninus Pius in the hoard clusters towards the very beginning

of his reign, and so a closing date of sometime in the early AD 140s looks most

probable. As such, the use of the AD 141 closing date is probably not too far

off from reality on this occasion. Two of the hoards used, Trier and Villach,

have amended closing dates. This is because it is clear that the vast majority

of the coins in these hoards were gathered together in the AD 160s during the

reign of Marcus Aurelius - perhaps being stored in a chest or strongbox, rather

than being buried in the ground. Twenty to thirty years later, a handful of

additional coins were added to these existing hoards of aurei, which can be

seen in the 20 to 30 year ‘gap’ in the issue dates of the coins in the hoards.

As such, it is totally misleading to claim that the majority of the coins in this

hoard were still in circulation during this 20 to 30 year gap. While the use of

the earlier closing dates for these hoards are to the benefit of the hypothesis,

these earlier depositions are not the invention of the author. The ‘closing’ and

‘reopening’ of the hoards is stated in their original publications (Gilles, 2013;

Görlich, 1957), and the use of the earlier closing dates is a matter of accuracy

not numerical sleight of hand. For transparency’s sake, the calculations have

been performed on these hoards using both their amended and original closing

dates, and a mean for the data set using both sets of results has been presented

in Table 14.
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The mean weight loss per year figures for aurei in Roman hoards ranges

from 0.049% to 0.110%; with the mean of means being 0.071%. The means

for the English sovereign, on the other hand, range from 0.025% to 0.038%

per year; with the mean of means being a loss of 0.032% per year. It would

appear that the rate of wear of the Roman aureus is at least double that of

the English sovereign; at least double the 0.034% figure proposed by Duncan-

Jones; two and a half times that of the five-dollar coin; and quadruple that

of the French and Swiss 20-Franc pieces (Table 13). This could mean that

the aureus circulated twice as quickly as the sovereign, but there are a few

caveats to using the rate of wear as an index for the rate of circulation. The

English sovereign, for example, is harder than the aureus. Velde (2013, 612,

Table 1) records a Vickers Hardness of 139 for the c. 91% pure sovereign

and 52 for a 99.7% pure gold piece – the aureus is generally not quite this

pure, as it is alloyed with c. 0.8% silver and copper in this period, and so it

is fair to say the sovereign was probably about twice as hard as the aureus.

This could mean that it was twice as resistant to wear, but then this was at

least partially offset by being abraded by harder coins than the aureus was –

like other sovereigns – and by being more susceptible to weight loss through

corrosion as it had a higher copper content (Blakelock, 2016, 913; Velde, 2013,

611-2). After accounting for all this we can probably say that, at minimum,

the aureus circulated appreciably quicker than the sovereign and, at most, that

this had an upper bound of approximately twice as quickly.

Does this then make the aureus a high-velocity coin? As Velde (2013, 646)

points out, the value of a coin and its velocity of circulation are inversely

proportional: gold coins, then, will always be ‘low-velocity coins’ compared

with their much lower-value silver and base metal counterparts. As such,

we are assessing whether the aureus was a ‘high-velocity gold coin’ relative

to other gold coinages. The English sovereign was by no means a static store

of wealth: the coin was used in national and international commerce (Dyer &

Gaspar, 1992, 511-2); a Privy Council Committee led by Lord Liverpool was

established in 1798 to, in part, investigate the place of gold coinage within

trade and commerce;25 this same committee was clearly concerned about

weight loss through circulation, as shown by Henry Cavendish and Charles

Hatchett being asked to determine the most suitable alloy for the sovereign

(Dyer & Gaspar, 1992, 451); in 1835, a Mint report to the Treasury expressed

concern at the rate of wear of the gold coinage, and between 1842 and 1845

approximately one third of the total gold in circulation was withdrawn for

25Preserved in the Public Record Office at Kew: Board of Trade, Papers Relating to the

Coinage, 1798-1812 (BT 6/118-9)
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being underweight (Dyer & Gaspar, 1992, 484); and finally, by the end of

the 19th century approximately 40% of the gold in circulation in Britain had

been minted in Australia (Dyer & Gaspar, 1992, 531), suggesting significant

movement of gold coin. The British Government was quite clearly caused

some headache by the velocity of the sovereign’s circulation, and compared

with the other gold coinages of the time it was a high-velocity gold coin.

The fact the aureus seems to have had a greater velocity of circulation than

the sovereign - which not only circulated in an industrialised economy, but

was produced by one of the largest trading empires of history - really does

suggest that the aureus was a high-velocity gold coin. In all, if a weight loss

per year of 0.034% had previously made the aureus a low-velocity gold coin,

then relatively speaking, it is probably fair to say that a doubling of this figure

indicates it is a much higher-velocity gold coin than it has been given credit

for, especially when taking into account how favourably it compares against

the rate of wear of more modern gold issues.
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3.3 The East

So far, the evidence presented has been from the western half of the Roman

Empire and, as such, the conclusions drawn have related largely to the

provinces that are located in Europe. While metrological data from eastern

hoards have been collected, it is not useful to simply bundle them in with the

western data and claim that any patterns in the data are representative of the

whole empire. The amount of data from the west is so great that these data

simply overpower any uniquely eastern pattern. Unfortunately, not enough

data from the east have been collected here to build a stand-alone profile for

this part of the empire. As a point of comparison, from British hoards alone

just fewer than 500 aurei weights have been collected, whereas only 73 weights

in total have been collected from Turkish, Israeli and Egyptian hoards that date

to this period. A lack of evidence from the Roman east will not be surprising to

numismatists. As van Heesch (2014, 146-8) points out, the regular registration

of coin finds in this part of the world is in its early stages, and when finds are

published there is no guarantee these works will be particularly accessible.

Furthermore, we should remember that national antiquity authorities have

a responsibility to protect their cultural heritage – advertising that highly

valuable gold hoards have been found on active archaeological sites may well

endanger these excavations. And, of course, even when we do have catalogues

of hoards there is a chance that the associated metrological data were either not

collected or not published. van Heesch (2014) and the CHRE online database

provided useful starting points for determining what gold hoards had been

published in the east; as with the western data, the original publications were

then traced and the metrological data collected.

Rather than try to create an independent profile for the east using

insufficient data, it is better to compare the data we do have for the east against

the profile established for the west.

Metrological data from three small deposits of gold coins were collected.

Four aurei weights were collected from the Hebron hoard, five from the

Te’omim Cave (C) hoard, and two from the Khirbet Badd ’Isa hoard.26 In the

western data it was clear that small depositors were not using low-weight, <7g,

aurei. Of these 11 aurei the lightest was a 7.1g coin from the Hebron hoard, so

it appears there is no evidence in this data for that pattern changing in the east.

The mean weight range in small deposits in Europe was approximately 0.33g

- the mean range of these three hoards was 0.3g, so again no evidence for any

significant divergence. Finally, the mean weight of a coin from a western small

26All from Israel with earliest closing dates of AD 151, AD 132 and AD 124 respectively
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deposit was approximately 7.23g. The mean weight of the 11 coins collected

was approximately 7.26g, but this drops to 7.20g if two high-weight aurei from

the Hebron and Khirbet hoards are excluded on the suspicion they may have

been struck to a higher-weight standard. Either way, the mean weight of an

aureus from these deposits is within 0.03g of the mean from western small

deposits. In sum, small deposits in the west were characterised by a relatively

high mean weight, relatively tight ranges and, crucially, minimum weights

that were generally 7g or above. The data, while limited, from eastern small

deposits do not seem to diverge from this pattern.

Weight data from two large deposits, and a description of the level of wear

of the aurei in a third, were collected. Twenty-nine weights were collected from

the Kuşakkaya hoard.27 The hoard originally consisted of around 1400 coins,

of which the majority were aurei. Of these 29 aurei, three were below 7g. This

fits with the trend in the western data that large depositors were not filtering

out ‘low-weight’ aurei, and were instead drawing indiscriminately from the

circulation pool. The mean weight of the aurei was 7.10g, which fits well with

the 7.07g mean aureus weight of western large deposits from this period. The

range of the Kuşakkaya hoard is a little low, although not anomalously so,

at 0.48g. However, it should be remembered this is the minimum possible

weight range of this deposit based on a sample of 29 coins: a hypothetical

range calculated that included a thousand more aurei from this deposit would

almost certainly be greater.

The description of the composition of the Mardin hoard28 seems to be

broadly in line with the data from the Kuşakkaya hoard. Gnecchi (1891,

276) described a sample of the 302 aurei that originally made up the hoard.

The coins he saw ranged from aurei of Vespasian to those of Commodus as

Caesar, the oldest of which were very worn, whereas the later examples were in

much better condition. While we do not have the associated metrological data,

we can infer that these heavily worn coins were most probably significantly

underweight; and that the hoard probably had a relatively large weight

range due to the heavily worn and much newer coins being stored together.

Regardless of the specific weights, this description supports the idea that the

circulation pool in the east consisted of both worn and fresh aurei, which is

congruent with the picture we get from western large deposits and from the

Kuşakkaya hoard. Both of these hoards, then, seem to suggest that, as in the

west, lighter – generally older, worn – aurei were allowed to circulate alongside

heavier – generally newer, less worn – aurei; and that large depositors were

27Turkey, earliest closing date AD 161
28Turkey, earliest closing date AD 177
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drawing indiscriminately from this circulation pool, valuing them as equally

valid stores of wealth.

The metrological data from the Karanis hoard (Egypt, AD 156), however,

do present a slightly different picture. The hoard originally consisted of

60 aurei, which were found inside a cloth bag, during the excavation of a

courtyard of a house at Kom Aushim. The hoard was split up, with 38 coins

going to the University of Michigan and the remaining 22 coins staying with

the then Department of Antiquities in Cairo. Metrological data were collected

from the 38 coins held by the University of Michigan’s Kelsey Museum.

Some of these weights were available in the original publication of the hoard

(Haatvedt & Peterson, 1964), but all 38 coins held in the museum were kindly

(re)weighed by the collections manager, Sebastián Encina, at the request of the

author. These 38 aurei had a mean weight of 7.28g, a range of 0.26g and a

minimum weight of 7.11g. This hoard, despite being a large deposit, has a

metrological profile that is much more similar to western small deposits. It

appears that the depositor of this hoard preferentially selected their aurei by

weight.29

This hoard certainly bucks the trend for large deposits, but it does not

necessarily indicate a difference in hoarding patterns or behaviour for the east.

While the metrological profile diverges from the pattern, it does so in a way

that has been observed on multiple occasions in the western data. The 40 to

100 coin region in the western data appears to be a ‘transition zone’, with some

hoarders acting like other large depositors, and others acting more like small

depositors despite storing over 40 coins. At 60 coins, the Karanis hoard is

relatively close to the ‘small deposit’ threshold anyway. In the western data

we see three large deposits that buck the trend in the same way the Karanis

hoard does. The 1959 Pompeii hoard, the Utrecht hoard and the Vidy hoard

consist of 61, 50 and 72 aurei respectively; all have relatively high minimum

and mean weights, which gives them metrological profiles much more similar

to small deposits. The Karanis hoard, then, fits in quite neatly with this group,

and while it diverges from the normal pattern for large deposits it does so in

an expected way.

Overall, then, within the data collected from hoards from Turkey, Israel

and Egypt there is no real evidence for any kind of significant shift in

hoarding behaviour between the east and west. Small depositors seem to

have preferentially selected by weight and large depositors appear to have

drawn indiscriminately from a relatively varied circulation pool. The large

29This is assuming that the ‘better,’ heavier coins were not preferentially selected from the

hoard for the Kelsey Museum.
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deposit that diverges from this pattern does so in a way that makes it part of

a previously observed ‘sub-pattern’ within the western data. It would appear

that the conclusions surrounding the sort of economic principles that can be

drawn out from the western data can be applied empire-wide, at least for

this AD 64 to AD 200 period. In the pre-Neronian and AD 200 to AD 312

data sets, there were simply not enough eastern metrological data to make

a comparison viable. One should probably assume that there was no major

divergence between east and west in these periods either, given that there does

not appear to be so in the middle imperial period.
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Chapter 4

Weight Data AD 201 to AD 311

The previous chapters have shown how trust in the aureus remained stable

despite changes to the target weight of the coin or the existence of low-weight

examples in the circulation pool. In this chapter, however, the focus will

be on plotting how that trust broke down and when the fixed relationship

between the aureus and denarius ceased. Previous scholarship has proposed a

number of ‘tipping points’ or ‘revolutionary moments’ in this century, where

the monetary system of the first and second centuries ceases and the late

Roman system began. These points include the erratic mint weight under

Alexander Severus (Bland, 1996, 69-70), the large reductions to the target

weight in the mid-third century (Crawford, 1975, 569), the abandonment of a

coherent target weight by AD 260 (Carrié, 2007, 139-44; King, 1993, 446) and

the coinage reforms of Aurelian (Howgego, 1995, 125-33; Rathbone, 1996).

This chapter takes a slightly different approach. Rather than a single point

around which everything changed, it is argued here that all of these observed

phenomena contributed to a ‘snowball effect’ that caused the monetary system

to evolve and transition – or perhaps, less charitably, to be degraded and re-

built – into the system we see in the late third and early fourth century.

The weight standard of the gold coinage in the third century is highly

variable compared with the relative stability seen in most of the first and

second centuries AD. The target weight of the aureus dropped at least twice

in the first half of the third century. Caracalla reduced the target weight to

c. 6.5g and Gordian III then reduced it to c. 4.8g, before perhaps reducing

it once again down to 4.5g by the end of his reign. Between AD 250 and

AD 260 the target weight of the aureus was particularly erratic, but seemed

to have clustered between two and three grams with the general trend in this

decade being a downward one. By AD 260 a coherent target weight seems

to have been completely abandoned. Under Aurelian and the Tetrarchy a
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degree of consistency was restored to the mint weight - in AD 274 Aurelian

seems to have instituted a 6.5g target weight, and the Tetrarchy seem to have

a target weight of approximately 5.3g. Aurelian occasionally marks the aureus

with ‘I L’ (Estiot, 2012, 545-6) – ‘1 50’ – which is most probably advertising

the fact that it is 1/50th of a pound, as such the concept of ‘target weight’ is

certainly restored after the abandonment in AD 260. However, the variety of

weights observed in Tetrarchic aurei that were deposited within a few years of

being struck suggests that this was significantly more fluid than the ‘standards’

observed in the second century.

The collapse of the weight standard in AD 260 almost certainly indicates

that the gold coinage was no longer circulating by face value, but rather by

weight. A new addition after this point is the introduction of ‘multiple’ aurei.

In the material collected here, these very high-weight gold pieces appeared in

hoards from AD 260 onwards and it seems they began to be minted regularly

from this date onward as well. The earliest ‘multiples’ catalogued here are

from the reign of Elagabalus and Alexander Severus, although these were

deposited as part of the Eauze hoard in AD 269. These particular ‘multiples’

weigh 10.2g, 10.08g and 9.67g, and it is difficult to see how they have a fixed

relationship to the 6.55g target weight for single aurei at the time of issue.

Even if we suppose they were one and a half aurei pieces, we would expect

them to weigh approximately 9.8g rather than exceeding 10g. Instead these

were probably just gold medallions that had no fixed relationship to the rest

of the monetary system. Indeed, this seems to be the overwhelming impression

for ‘multiples’ in this period – given the variety of weights for both ‘multiple’

and ‘single’ aurei after AD 260, it is difficult to see how any formal fixed

relationship existed. As with the earlier medallions, it would appear that

‘multiples’ in this period are just pieces of bullion struck to an approximate

region of weights which represent a rough scaling up of the single aureus.

Finally, hoarders reacted in a noticeably different way to weight changes

in the third century compared with depositors from previous periods. The

first third of the third century appears to be a continuation of the second-

century pattern, with the vast majority of gold being deposited in coin form.

Between AD 235 and AD 260, however, there appeared to be a rout from

gold coinage and, importantly, a shift towards depositing gold bullion and

objects. Although gold coins reappeared in deposits from AD 260 onwards,

the deposition of precious metal objects and bullion alongside gold coins

remained constant. This change in hoarding behaviour was almost certainly

linked to the collapse of the weight standard and the emergence of a new

relationship between the Romans and their gold coinage – effectively the
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development of a more bullionist mindset, which extended into the fourth

century. Aurei were almost certainly no longer circulating by face value and

by AD 260 were most probably valued as bullion (Bland, 1996, 69-70). In

the second century there is a clear pattern of small depositors preferentially

selecting their aurei by weight. This behaviour only makes sense if aurei were

circulating by their face value; otherwise there was not any ‘extra value’ to

be gained by having heavier issues. For the first third of the third century

it would appear that this pattern continues. After AD 260, however, small

depositors and large depositors regularly had the same high tolerance for

weight variation in gold coins that are presumed not to be medallions or

multiples.30 This suggests that small depositors were no longer preferentially

selecting by weight, from which we can infer that their attitude towards the

aureus has changed. Either small depositors were now supremely confident

in the face value of the aureus, despite issues fluctuating by multiple grams

in weight, or – most probably – the aureus was now circulating by weight and

there was, therefore, no longer any point preferentially selecting.

The price data from Roman Egypt, however, do not map exactly onto this

narrative. The inflationary spike after AD 274 has been linked to Aurelian

de-coupling the aureus and denarius (Howgego, 1995, 125-6; Rathbone, 1996).

However, it is clear that the aureus was circulating by weight by AD 260. The

silver coinage, then, appears to keep its exchange value even though the 25:1

relationship was over and that the gold coinage was effectively circulating as

bullion. We can infer, then, that the state employed some kind of mechanism

to retain the exchange value of the heavily debased silver coinage between

AD 260 and AD 274, which came to an end with Aurelian’s reforms. The

narrative proposed here is that the erratic mint weight of the aureus, the heavy

reductions to the target weight, the disruption to circulation patterns, and

the general instability of the mid-third century caused a crisis of trust in the

long term face value of the gold coinage. The abandonment of the aureus

weight standard in AD 260, and the move to treating the aureus as a piece

of circulating bullion, restored trust in the coin; hoarders now only had to

trust that the coin was pure gold. This did not solve state fiscal inadequacy

30Given the erratic mint weight after AD 260, ‘presumed single aurei’ will refer to gold coins

that weigh 8.1g or below. The heaviest target weight for the aureus is Caesar’s c. 8.03g standard

and this has been used as an approximate upper bound for what is probably not a medallion or

multiple. The point of this is to allow for sensible comparisons to be made between gold coins

issued in different parts of the third century, rather than claiming specific coins represent

‘one unit’ of gold. In the 260s, for example, there is almost certainly no concept of a single

aureus given the variability in weights and the fact that that the gold coinage was probably a

circulating ingot by this point in time.
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in this period: the state almost immediately began quite heavily debasing the

coin, which once again strained trust in the system. The essentially base metal

‘silver coinage’ still seemed to have been accepted at face value, which created

a massive disconnect between the intrinsic values of the gold and ‘silver’

coinages. Indeed, taxpayers would have been hugely incentivised to give the

state its own overvalued billon coinages back and retain their aurei, which

must have strained the state’s bullion reserves. By AD 274 Aurelian appears

to have brought the silver into line with the gold and re-tariffed or at least

reorganised the silver coinage. For example, there is a large spike in inflation

in Egyptian prices expressed in silver coins, which suggests the exchange value

of the silver coinage has radically fallen. Furthermore, Aurelian introduces

billon coins marked ‘XXI’ and ‘XI’ that are 5% and 10% silver respectively

(Callu et al., 1979): the advertisement of the purity of the coin suggests that its

intrinsic value now had some part to play in determining its exchange value.

Although it is unlikely that it was circulating by weight like gold, it would

appear that the exchange value of the silver coinage was brought closer to its

intrinsic value.

4.1 Changes to the ‘Aureus’ Weight Standard in the

Third Century

The first weight reduction in this period occurs under Caracalla - although

the earliest aurei collected of this standard are issued under Elagabalus - and

is continued through the reign of Alexander Severus. The Neronian standard

was abandoned and a new target weight of approximately 6.5g was adopted

during the latter years of Caracalla’s reign (Bland, 1996, 68). This probably

meant that 49 or 50 aurei were now being struck from a pound of gold. This

weight reduction can be seen in aurei of the Osijek II hoard from Croatia

(Figure 15), closing in AD 238, and in the Teatro Regio hoard from Parma

closing in AD 260 (Figure 16). While the reduction itself occurred in AD 215

(Duncan-Jones, 1994, 218), these hoards show examples dating from AD 218

through to AD 226 that were consistently minted at around this 6.5g mark.

There is, unfortunately, no weight data for the latter part of Alexander Severus’

reign, so it cannot be determined from these hoards alone for how long he

continued with this particular standard. The British Museum, however, holds

a number of specimens issued in the 230s by Alexander Severus (Figure 17)

which all broadly conform to this approximately 6.5g weight standard – they

have a mean weight of 6.48g.
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Figure 15: Aurei in the Osijek II Hoard
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Figure 16: Aurei in the Teatro Regio Hoard
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Figure 17: Undamaged, Securely Dated Aurei of Alexander Severus Held by

the British Museum
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The weights of the aurei of Alexander Severus are frequently cited as being

uniquely variable, so much so that they either could not have had a standard

value (Butcher et al., 2014, 47) or that the fixed relationship between the silver

and gold coinage must have broken down at this point (Moorhead, 2012, 522).

These views all seem to stem from the survey of third-century gold coinage

conducted by Bland (1996, 69-70). Here he states that the level of variance

seen in the aurei weights of Alexander Severus is significantly higher than

under previous emperors and that it is specifically double the level of variance

seen under Elagabalus. Furthermore, he asserts that the low-weight aurei –

specifically a 5.38g example - of Alexander Severus could simply not have

been exchanged at the same face value as the much higher-weight examples.

Bland’s methodology revolves around taking a sample of aurei weights from

Alexander Severus, then comparing them to samples taken from late second-

century Emperors and from Elagabalus, and then finally making a comment

on how these coins functioned based on this. There are a number of problems

with this methodology, however.

First, the samples taken from the second century are not representative

of aurei use in this period. Bland’s second-century aurei are generally high-

weight, with very few dropping below 7g. Figure 9 above shows that

74



this simply does not represent the types of aurei people were using: large

depositors often stored low-weight aurei alongside high-weight examples and

these low-weight aurei were in circulation across the second century. Bland’s

graphs of late second-century emperors have similar distributions to the

graphs of second-century small deposits; and this is probably because the aurei

used in Bland’s samples were similarly preferentially selected by museums

and private collectors. Unlike third-century gold coinage, second century

aurei are not particularly scarce in the material record and, as such, museums

and collectors can choose to purchase the coins that are the highest weight

or in the best condition. This method of sample selection is appropriate for

investigating changes in minting practices, but when investigating how aurei

functioned it is important at least to attempt to sample the weights of coins

that were in the circulation pool. Ultimately the second century material

selected does not represent the aurei that were in use in this period and are,

therefore, not particularly useful for answering questions about function.

The second sampling problem pertains to the coins selected for the analysis

of variance under Elagabalus. Bland groups the high-weight, 7g+ aurei

of Elagabalus with the issues of Macrinus and has the c. 6.5g issues in

their own category (Bland, 1996, Table 2, 83). The co-efficient for variation

stated for Elagabalus is calculated solely from this latter category, but the

figure calculated for the aurei of Alexander Severus includes these much

higher-weight aurei. The high-weight aurei of Elagabalus were struck in AD

218/19, but so were low-weight examples: the British museum holds three

aurei of Elagabalus struck in AD 218/19 that weigh 6.50g, 6.45g and 6.18g

respectively. Given that these two ‘standards’ of aurei were struck at the

same time and circulated together, it seems incorrect to separate them when

discussing the variation in the weight of the aurei the state produced, with

specific reference to how variation in weight affected use. Perhaps if minting

procedure and technology were being investigated it would be correct to

stratify by presumed standards. However, the reliability of the conclusions

based on the difference in variance between aurei produced by Elagabalus and

Alexander Severus should surely be called into question when the examples

that vary most greatly from the mean are excluded for the former, but not for

the latter.

The final problem with these analyses is the interpretation of the results

themselves. While a change in minting practices can certainly be supported,

an associated change in function probably cannot. An attempt was made to

replicate Bland’s results using weight data collected from gold hoards and

from the British Museum’s collection. The AD 64 to AD 200 weight data had
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a mean weight of 7.09g and a standard deviation of 0.248g, resulting in a co-

efficient of variation of 3.5%. This sample of 4601 aurei better represent the

variety of aurei that were actually in circulation and being used as a store of

wealth in the first and second centuries. Bland’s second-century samples are

devoid of the worn and low-weight aurei that the AD 64 to AD 200 weight data

show beyond doubt was in use; as such, his co-efficient of variation for the

late second century clusters at just under 2%. This seems to be misleadingly

low. The same can be said of Bland’s 2.66% figure for the variance seen under

Elagabalus. A sample of Elagabalus’ aurei was constructed by combining 5

aurei weights collected as part of the AD 201 to AD 312 weight data with 23

aurei weights from the British Museum’s collection. This sample had a mean

weight of 6.52g and a standard deviation of 0.353g, resulting in a co-efficient

of variation of 5.4% - significantly higher than Bland’s figure. This is almost

certainly because in this sample the early high-weight aurei of Elagabalus

were not excluded. A sample of Alexander Severus’ aurei was constructed by

combining 8 aurei weights collected as part of the AD 201 to AD 312 weight

data with 27 aurei weights from the British Museum’s collection. The sample

had a mean weight of 6.44g and a standard deviation of 0.324g, giving a co-

efficient of variation of 5.0% - nothing like the double the Elagabalus figure

seen in Bland (1996, 96), but in good agreement with his 5.12% figure for

Alexander Severus.

To begin with, is the 5.0% figure for Alexander Severus so much greater

than the 3.5% figure from the AD 64 to AD 200 weight data that the 25:1

ratio must have collapsed? This is a subjective judgement, but to contextualise

this it is worth noting a few points. Aurei from AD 260 – AD 276, a period

by which the aureus weight standard had almost certainly collapsed, had

a mean weight of 4.498g and a standard deviation of 0.78g, resulting in

a co-efficient for variation of 17.3%. The 5.0% co-efficient of variation is

significantly closer to the first- and second-century figure than the mid-third-

century, double-figured one. We can infer that the aureus under Alexander

Severus was probably more like the aureus of the second century than the late

third. Furthermore, the Augsburg hoard closing in AD 164 consisted of 52

aurei which had a mean weight of 6.93g and a standard deviation of 0.478g,

giving a co-efficient of variation of 6.9%. This is higher than the c. 5% figure

from Alexander Severus and suggests that it was certainly possible that this

level of weight variation could exist without invalidating the fundamental

value of the aureus – the Augsburg aurei, despite their weight variation, were

all trusted by the depositor as a store of wealth. As such, an assertion that aurei

under Alexander Severus were so different from second-century examples that
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these aurei could not have functioned like those from the second century,

seems weak based on all this.

Next is the notion that the aurei of Alexander Severus were so much more

variable that those of his immediate predecessors that, again, they could not

have possibly functioned in the same way. When the sample of aurei for

Elagabalus is collected in the same way as the sample for Alexander Severus,

the co-efficient for variation figures are in good agreement. If the high-

weight aurei are removed from both samples, the Elagabalus figure reduces to

approximately 2% and, depending on where you draw the line for the higher-

weight standard, the Alexander Severus figure reduces to approximately 3-

4%. In this latter case one could argue that the figure for Alexander Severus

is notably higher, but it is still in good agreement with the figure from the AD

64 to AD 200 weight data – a period where a fixed relationship between the

denarius and the aureus is accepted. Once again it does not appear the level of

variation is so completely different under Alexander Severus that the function

of the aureus has to be reassessed.

Finally, Bland’s belief that a 5.38g aureus of Alexander Severus could not

have been exchanged at the same face value as a 7.25g aureus can also be

challenged (Bland, 1996, 69-70). The Trier hoard closing in AD 193, for

example, contains 4 aurei that weigh 5.75g, 5.80g, 5.81g and 5.84g alongside

five aurei that weigh 7.50g, 7.51g, 7.56g, 7.58g and 7.58g. In addition, the

Augsburg hoard contains an aureus of 5.475g alongside one weighing 7.515g

and the Liberchies hoard closing in AD 166 has a 5.81g aureus stored alongside

a 7.5g aureus. In all these hoards relatively low-weight aurei were being used

alongside high-weight aurei as stores of wealth by multiple depositors, at a

point in time where the 25:1 ratio is not under any serious doubt. Furthermore,

these low-weight aurei were deposited when the c. 7.3g Neronian standard was

still being struck; Bland’s 5.38g example was struck when the target weight

was only at c. 6.5g – reduce the weights of the second-century aurei above by a

further 0.8g and Bland’s example becomes one of the heavier pieces. Indeed, in

large deposits closing between AD 64 and AD 200, approximately 3% of aurei

were at least 0.8g below the 7.3g target weight. The above hoards show that,

at a time when the fixed denarius to aureus relationship was almost certainly

still in existence, aurei clearly under 6g could be considered valid stores of

wealth alongside aurei of 7.5g and over. As such, the existence of 5.38g aurei

alongside 7.25g aurei simply cannot be considered adequate proof that the

aureus/denarius relationship must have collapsed.

In all, the assertion that the fixed relationship between the denarius and

the aureus could no longer have existed under Alexander Severus can be
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seriously challenged. The evidence for this claim is not without issue and

on a number of occasions a degree of similarity can be shown between the

distribution of weights under Alexander Severus and the weights collected

from the first- and second-centuries AD. Certainly, the aurei of Alexander

Severus were struck at more varied weights than under previous emperors.

This probably reflects practical changes: poor oversight or management of

the minting process, or perhaps a mint that was trading consistency for

speed, rather than a fundamental change to how the aureus was valued. The

weights Alexander Severus was striking at were not unprecedented highs or

lows compared with the weights of aurei that hoarders were actuallyusing

in the second century. While deciding what degree of variance constitutes a

significant enough change from the norm is a subjective exercise, the figures

are numerically close enough that this assertion should no longer simply be

referenced as fact without any further validation. If anything the evidence

presented above seems to suggest that the distribution of weights under

Alexander Severus was so similar to that of the second century that a radical

change in the function of the aureus cannot be inferred. It would appear that

changing minting practices in the early third century have been conflated with

a change in function.

By AD 238, under Gordian III, the weight standard dropped again to

somewhere around 4.8g, before it dropped further to approximately 4.5g in

the last years of his reign (Bland, 1996, 72). A pound of gold probably

produced approximately 68 and then 72 aurei due to these weight reductions.

This latter standard continued until at least the first year of Trajan Decius’

reign. Evidence for this can again be found in the Teatro Regio hoard, which

shows that aurei were minted to these standards from AD 238 until at least

AD 249. These sub-five-gram aurei weights are an unprecedented low for

the aureus – even with worn issues in circulation, examples that drop below

5g are not present in the weight data collected from the first or second

centuries. Furthermore, the variation in aurei weights continues to increase

in this period. Bland (1996, Table 2, 83) collects samples from the reigns of

Gordian III and Philip the Arab which have coefficients of variation ranging

from approximately 6% to 7%- this is a noticeable increase from the reign of

Alexander Severus. Given that these are by far the lightest and most variable

aurei produced in the Roman Empire so far, it is fair to infer that there could

have been an associated reduction of trust in, and change in the function of,

the gold coinage.

At this point it can be tentatively inferred from the weight data collected

that there was another weight drop in the early 250s under Trajan Decius that
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was continued by Valerian and Gallienus throughout most of the decade. This

notion is supported by the surveys of third-century aurei weights conducted

by Bland (1996, 72; 2013, 8). The Teatro Regio hoard (Figure 16) and the

Eauze hoard from France (Figure 18), deposited in AD 269, show that aurei

Figure 18: Aurei in the Eauze Hoard
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dropped to 3.25g under Trajan Decius in AD 251 and to 3.08g under Gallienus

in AD 253, respectively. This is perhaps indicative of a new, c. 3g, weight

standard. However, the Sault Brenaz hoard from France, closing some time

in the 260s, has an aureus of Saloninus (Gallienus’ son) issued in AD 258

weighing 5.2g. This is nothing like the proposed new circa 3g standard or

the heavier standards that went before it. Does this indicate that a firm

weight standard had been totally abandoned and gold coins were circulating

as bullion? Probably not this early. The British Museum holds 30 issues of

Gallienus and Valerian that are undamaged and can be confidently dated to

between AD 253 and AD 258; the weights are presented in Figure 19 below.

The data from the British Museum broadly supports the notion of an attempt

at an approximately 3g weight standard in this period, and so some kind of

tariffed value probably still existed. One would have to assume the much

heavier examples represent some kind of aureus multiple. However, it also

shows that year-on-year this standard became more difficult to maintain –

as the aurei got progressively lighter, and the weight of the issues became
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Figure 19: Securely Dated, Undamaged Aurei From the Joint Reigns of

Valerian and Gallienus Held by the British Museum
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increasingly varied, the weight range became progressively greater. It would

appear, then, that the mint weight of aurei from about AD 256 onwards was

becoming increasingly decoupled from the target weight seen at the beginning

of the decade. If the state was unable to maintain even a 3g aureus standard

for more than a few years, it suggests that there was significant and increasing

pressure on the monetary system across the 250s, which seems to have resulted

in the complete abandonment of a weight standard at some point between

AD 258 and AD 260. Indeed, referring to c. 3g gold coins as ‘aurei’ is more

convention than an indication of a unit of value. This pressure on the monetary

system is most probably caused by the state not having the precious metal

stocks to consistently meet its own weight standards, which then challenges

the trust of individuals in the face values of the coins and, ultimately, the

system itself.

By AD 260 all evidence suggests that a firm weight standard had been

abandoned. The Corsican Lava hoard, deposited in AD 269, and Ajaccio hoard,

deposited in AD 270, along with the Partinico hoard from Sicily, closing in

AD 307, all provide the bulk of the evidence for this claim. Supplementary

data are provided by the Teatro Regio hoard; the Sault Brenaz hoard; the

Suluc hoard from Romania, closing in AD 266; the Neuville Sur Ain hoard
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from France, closing in AD 286; the Sully hoard from Wales, closing in

AD 295; and the Bradley hoard from England. The overall picture these

hoards provide is that from AD 260 onwards the weight of the gold coinage

issued by the state could be highly variable (Figure 20 and Figure 21).

The metrological data set collected here only contains a few coins from the

Gallic Empire. Mairat’s (2014, 204, Table 3) metrological data show that

the aurei produced by Postumus were slightly more consistent than those of

Gallienus – effectively Postumus seemed not to have produced very light or

very heavy aurei. However, the aurei produced ranged from below 5g to just

under 7g, and seemed to have been struck across a c. 2g range of acceptable

strike weights. While Mairat argues that the Gallic Empire maintained a clear

denominational pattern, this is by third century standards: Postumus is more

consistent than Gallienus, but the strike weights of his aurei were still highly

variable compared with aurei of the second or early-third century. As such, it

is improbable that an aureus weight standard, with a fixed relationship to the

silver coinage, survived exclusively in the Gallic Empire, especially when the

aurei produced were now heavily debased.

From AD 260 until Aurelian’s reforms, most aurei are between 3g and

6g, but a handful are minted as low as 1.6g and as high as 7.73g. It would

appear that the aurei of Claudius II and Quintillus both cluster around 5g,

although the range of weights is so broad that this cannot really be considered

a coherent target weight or standard. The majority of the weights for this

period come from hoards deposited between AD 260 and AD 270, so these

are not extremely worn coins that are distorting the average. Instead, these

weights should be viewed as the product of a minting process that was not

instructed to tightly control the weights of its coins. This continues for the

first few years of Aurelian’s reign: the aureus clusters around 4g, but examples

have been collected here that range between 3g and 5g. This situation changes

in AD 274, when Aurelian seemed to have restored a much greater degree

of control to the minting process. He brought a number of mints back under

Imperial control and stabilised the weight of the aureus at approximately 6.45g

or 1/50th of a pound, designated by the occasional mark I L (Estiot, 2012, 545-

6). After Aurelian’s death in AD 275, there is an attempt to continue striking

at this standard by Probus, but aurei from his reign regularly drop below six

grams, suggesting the stabilisation under Aurelian was short-lived.

Long term consistency in strike weight is only really restored under the

Tetrarchy, but it is still highly variable (Moorhead, 2012, 522). Aurei generally

range from approximately 4.5g to 6g, which, although less variable that the

weights seen in the 260s and 270s, still represents regular discrepancies in the
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Figure 20: Aurei and Multiples Dating From AD 259 to AD 309
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Figure 21: Presumed Single Aurei Dating From AD 259 to AD 309
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weight and intrinsic value of the aurei struck. Perhaps this range of weights

represents a number of discrete standards: c. 4.6g coins are struck at 1:70, c.

5.3g coins are struck at 1:60 and c. 6.45g coins are struck at 1:50 (Estiot, 2012,

552). However, an immediate problem with this is that this kind of distinct

clustering around certain weight standards does not seem to exist, especially

for coins that weigh between 5.3 and 6g. Perhaps each mint was given its own

standard to mint at; however, this also does not seem to be the case. In the

Partinico hoard there are aurei from a variety of mints covering from the 280s

through to the early fourth century. Coins struck in AD 294 from the mint

at Rome weigh between 4.78g and 5.73g; coins from Ticinum struck in the

same year weigh between 5.16g and 5.82g; coins struck in AD 303 at Carthage

weigh between 4.68g and 5.6g; and coins struck at Rome between AD 305 and

AD 308 weighed between 4.44g and 6.3g. These mints did not seem to have

had their own distinct standards. Within the Partinico hoard at least, these

weights are relatively evenly distributed across the range and do not seem to

cluster as if they have been struck to distinct weight standards. If mints were

able to strike aurei that are anything from 1/70th to 1/50th of a Roman pound,

then there is no real weight standard at all. Interestingly, the mean weight

of presumed single aurei from AD 286 to AD 308 is 5.29g, close to the 5.3g,

1:60 ratio that Diocletian instituted from AD 286 onwards (Estiot, 2012, 548).

It is perhaps more logical to see these aurei as a product of mints that are

instructed to strike 60 coins from a pound of gold, but are not necessarily told

to make each coin weigh 1/60th of a pound. As such, this variation in weight

most probably reflects a less tightly controlled minting process rather than the

production of a variety of weight standards.

Of the 4601 aurei weights collected from hoards closing between AD 64 and

AD 200 from Roman Europe, 84% were within a 0.5g range that centred on the

median. Essentially, 84% weighed between 6.84g and 7.34g. Considering that

a lot of these aurei had been circulating for many decades, some over a century,

the relative consistency of these weights is surely indicative of a consistent

weight standard. This contrasts sharply with the data from the latter half of

the third century. Of the 423 presumed single aurei (<8.1g) from AD 260 to AD

276, only 33% are within a 0.5g range centring on the median. Furthermore,

the standard deviation for this set of weights is 0.78g, for the first and second

century material it was 0.248g, reflecting the significantly more consistent coin

weights in this earlier period. While the Tetrarchic material is struck to a more

consistent weight than in the preceding decades, it is still noticeably more

variable than the second-century material. Of the 138 presumed single aurei

(<8.1g) from AD 284 to AD 308, only 70% are within a 0.5g range centering

83



on the median. The standard deviation is, however, 0.28g. Despite having a

standard deviation similar to that of the AD 64 – AD 200 material, this should

not be interpreted as representing the same level of variance in strike weight.

The AD 64 – AD 200 data set contains thousands of coins that had been

in circulation for well over half a century before they were deposited – for

a large proportion of the aurei of Nero this is closer to a century. As such,

a large proportion of the variance is as a result of wear due to circulation.

In the Tetrarchic data set, the maximum any coin was circulating for was

24 years. As such, these coins would have been exposed to far less wear:

weight loss due to circulation has a linear relationship with time spent in

circulation (Velde, 2013, 611). If the standard deviation is the same, but the

AD 64 – AD 200 data set has significantly more variance due to wear, then

the Tetrarchic data set must have more variance due to variations in strike

weight in order to get the same level of overall variance. This is assuming that

the velocity of circulation does not increase by an unbelievably large degree

in the late third century. This is a relatively safe assumption. Die studies

of third-century gold coinage show that production levels were greater in the

late third century compared with the second and that the number of late third

century aureus finds was roughly the same as in the second century (Bland,

2013; 2014), suggesting there were not radically fewer gold coins that now

had to circulate more quickly. Furthermore, given the political and military

instability of the mid-third century it is improbable that the Roman economy

experienced such significant growth that the number of transactions an aureus

had to go through was significantly higher than in the second century. There

are, of course, caveats to this: there is no guarantee die-output in the third

century was the same as in the second; and the function of the aureus had

manifestly changed between the second century and the Tetrarchy, making a

comparison of the velocity of circulation difficult (and perhaps moot). The

overall point is, however, that the radical difference in weight variance cannot

sensibly be explained by the Tetrarchic aurei circulating at an unbelievably

greater rate, not least because some of the variance is caused by some examples

being notably overweight.

Since minting practices, as opposed to the function of the aureus, are being

investigated here it is important to attempt to control for wear. By selecting

coin weights from AD 150 – AD 170 the majority of the variance caused by

wear in the second century would be eliminated, as the majority of these coins

would have been deposited within a few decades of being struck. Of the 288

coins dating from AD 150 to AD 170, 90% are within a 0.5g range of the

median and the standard deviation is reduced to 0.2g. Compared with this
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sample, which attempts to emulate the level of wear seen in the Tetrarchic

sample, the Tetrarchic material was not struck to a weight standard in the

same way that first- and second-century aurei were. Indeed, the co-efficient for

variation for the AD 150 to AD 170 sample is 2.8%, whereas for the Tetrarchic

sample it is 5.3%. This clearly suggests a divergence in minting practices: the

target weight seems to be much looser with significantly more tolerance for

weight variance allowed in this latter sample.

So far the focus has been on what are presumed to be single aurei. From AD

260 onwards this distinction has to be made due to the prevalence of hoarders

storing very high-weight gold ‘multiples’ alongside lower-weight gold coins.

These types of coins are often referred to as ‘double aurei’ or ‘quadruple aurei’,

however, this implies a coherent weight standard for single aurei which is

simply multiplied in order to give the weight and value of the ‘multiple’ aurei.

In the latter half of the third century this is simply not the case. There was

almost certainly no fixed relationship between the value of a ‘single aurei’ and

the value of the ‘multiples’ in this period. Under Gallienus aurei regularly

weigh less than four grams. It is highly unlikely that four of these coins,

totalling a maximum of 16g of gold, could be exchanged for the circa 21g

‘quadruple aurei’ from AD 260, 307 or 308. The discrepancy in intrinsic value

is so great that any fixed relationship would be economically unviable for the

state. In addition, there does not seem to be a simple multiplication of weight

standards between ‘single’ and ‘multiple aurei’ either. Under Gallienus the

strike weight of the aureus is so erratic that there is simply not a tangible

weight standard that the multiples could be based on. Equally, under the

Tetrarchy a mean weight of 5.3g for aurei means that some multiples are of an

appropriate weight – the circa 10.6g ‘double aurei’ and the circa 42g ‘octuple

aurei’ for example – but others are either noticeably over or under weight – the

‘quadruple aurei’ range from 20.7g to 22.08g and the 12.92g multiple from AD

284 is either a significantly over-weight double or a significantly underweight

triple. Perhaps it is intended to be a two-and-a-half-aurei piece. Of course, this

is based on mean weights. In reality there is no guarantee that four aurei pulled

from circulation would have a total weight that would translate appropriately

to a ‘denomination’ of ‘multiples’.

As with ‘single’ aurei then it seems that there is a relatively loose area

at which the weights for ‘multiples’ are aimed, with this area being loosest

under Gallienus and tighter under the Tetrarchy. There seems to be a lot of

tolerance for variation, both within the ‘denomination’ of ‘multiple’ and in

the relationship between the weight of the ‘multiple’ and the strike weight

of aurei. As such, while there are groups of ‘multiples’ in this period that
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have similar weights, the idea that each of these groups conforms to its own

multiplied weight standard is flawed. The weight standard is now a general

area that was aimed for, rather than being a firm target weight seen in the

first and second centuries AD, and the ‘multiple aurei’ were an extension

of this practice. As such, ‘multiples’ represent a rough scaling up of the

aureus, as opposed to being a firmly linked extension of a coherent weight

standard. These ‘multiples’ were almost certainly treated as pieces of bullion,

and it would appear that this had always been the case. The Beaurains hoard,

deposited in the early fourth century, contains a 14.6g gold piece produced

by Hadrian. This is an almost perfect ‘doubling’ of the contemporary aureus,

and yet, we do not see any of these pieces in the first-, second- or early third-

century data. The fact that this piece from the mid-second century - and

pieces like it - only appeared in hoards after AD 260, suggests that they had

always been considered to be bullion regardless of how closely they adhered

to multiplications of the aureus standard.

4.1.1 Reaction to Weight Changes

Weight data are available for three hoards that close between the reforms of

Caracalla and the next weight reduction of the aureus under Gordian III. These

are the Eining I hoard, closing in AD 237, the Kempten hoard, closing in AD

228/231, and the Osijek II, hoard closing in AD 238/244. While the Osijek II

hoard contains one uncertain silver coin of Gordian III, all of the aurei are from

the reigns of Elagabalus or Alexander Severus, with the latest coin issued in

AD 222/228. Elagabalus reigned for four years approximately 20 years before

this hoard was deposited, and yet his aurei make up 9 of the 13 gold coins in

the hoard. Furthermore, all but one of the aurei were issued at least 15 years

before the Osijek II hoard was deposited. Ultimately, if this was a deposit that

was collected under Gordian III– even if the hoarder actively rejected Gordian

III’s aurei – we would at least expect to see some aurei from the middle or

latter parts of Alexander Severus’ reign; instead they are all clustered at the

beginning. Given the tight date range, the aurei were probably collected before

the aureus weight reduction under Gordian III, meaning the aurei selected are

probably a better indicator of pre-238 attitudes towards the gold coinage even

if the deposit itself was made around the time of the Gordian weight reduction.

Due to this it has been included as part of the analysis for pre-Gordian reform

aurei.

The Eining I and Kempten hoards both contain solely second-century aurei.

Without the accompanying weight data, one could assume that this was a
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rejection of the new lower standard in favour of the previous heavier one.

However, the Eining I hoard’s aureus weights are 5.55g and 5.60g and the

Kempten hoard’s weights are 5.52g and 6.29g. All four of these weights are

well below the new circa 6.5g standard, suggesting that the new lower-weight

standard had not been rejected in favour of the heavier Neronian standard by

hoarders. Indeed, the nine aurei for which there are weights from the Osijek

II hoard range between 6.17g and 6.48g and date between AD 118 and AD

222/228. Hoarders in this period, are then, not rejecting the new, lower-weight

standard. Whether this weight standard was chosen as a deliberate response to

low-weight aurei in circulation is difficult to tell for certain, although it does

not seem probable. The Trier hoard closing towards the end of the second

century has average weights of approximately 7g; and the 15 surviving aurei

of the Paris Rue Clovis hoard, closing in AD 205/207, have average weights of

just over 7.15g. With this in mind, if the new weight standard was an attempt

to have the weights of new aurei be in tune with the weights of those already in

circulation, we would expect the standard to be closer to 7g. Approximately

6.5g seems quite low if this is the case and, as such, it is probably safer to

assume that fiscal inadequacy played a greater role in this decision that a

desire to harmonise the weights of aurei in circulation.

While Caracalla’s weight reduction was a significant one, it was not

bringing the aureus to a weight that had not been seen before. In large

deposits from the second century there are numerous examples of aurei that

drop below 6.5g, with some approaching as low as 5.5g. Aurei of this new

weight, were then, already in circulation and being stored alongside heavier

issues in the second century. As such, it is not particularly surprising that

this new weight standard was accepted or at least not outright rejected. This

cannot, however, be said for the weight reduction under Gordian III. His

weight changes brought the aureus down to approximately 4.5g, a weight that

is a gram lighter than the lightest aureus collected from first-, second- and early

third-century deposits. It was simply an unprecedented low for the aureus.

Until, of course, it was further reduced in the early AD 250s to approximately

3-3.5g.

There is a distinct lack of hoards from this AD 235 to AD 260 period for

which there are weight data available. As previously mentioned, the Osijek II

hoard was probably deposited early on in this period, but its aurei assemblage

is clearly a Severan rather than Gordian collection. It is possible that this lack

of data for substantial gold coin hoards in this period is indicative of a change

in behaviour at this point in time. To investigate this, the compositions of

hoards closing between AD 193 and AD 318 containing some form of gold
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metal, whether coin or object, were analysed. These data can be found in

Appendix 1. This data set draws heavily on the hoards collected by Hobbs

(2006) and by the contributors to the CHRE database. The periodisation

of the data is based broadly on Hobbs’ distinctions, but the specific start

and end points are generally the author’s own, and the names of the hoards

follow the conventions of the CHRE database where possible. Below various

hypotheses and potential explanations are introduced in order to be critiqued

and diminished, and occasionally dismissed.

These data suggest that the prevalence of storing gold in coin form

significantly drops between AD 235 and AD 260 (Figure 22), with the

prevalence of depositing gold and silver objects – like ingots and jewellery

- noticeably increasing (Figure 23). Between AD 193 and AD 218, 96% of

the gold hoards collected contained gold coins, and 73% did in the material

dating between AD 218 and AD 235. However, this percentage drops radically

between AD 235 and AD 260, with only 36% of gold hoards containing gold

coins. This is associated with a rise in the proportion of hoards storing non-

coin precious metal objects. 13% of gold hoards between AD 193 and AD 218,

and 33% of gold hoards between AD 218 and AD 235, contain gold or silver

objects. Between AD 235 and AD 260 this rises to 75%. We can infer two

possibilities from this pattern: either gold hoarders no longer trust the gold

coinage in this period, or there is a problem with the supply of gold coinage.

Potential causes of supply problems surrounding the gold coinage in the

third century are well established in the scholarship. Bland (2013, 273)

proposes that aurei could have left the empire through plunder, subsidies

or trade: for example, German mercenaries were paid in aurei, which they

took home (Bland (2013) citing Bursche (1998)), and after the Roman defeat

at Abritus in AD 251 it is clear that the victorious barbarians captured a

significant amount of gold (Bursche, 2013, 158-60).31 Within the empire,

aurei could have been recycled to make jewellery, either being incorporated

as status objects within pieces of jewellery (Brenot & Metzger, 1992, 353) or

31Bursche (2013, 163-4) argues that it was specifically Trajan Decius’ Imperial treasury

that was captured, and that its capture here helps explain the deepening financial crisis and

devaluation of the aureus that occurred over the latter half of the third century. This specific

claim is based on quite a small amount of circumstantial evidence: for example, his son

Hostilian - who ruled alongside Trebonianus Gallus after Decius’ death - did not strike any

gold coinage. Furthermore, it is clear from the data collected here that problems with the

supply of, and trust in, the gold coinage were present long before AD 251; as such, problems

after this date do not necessarily reflect how severe this particular event was. The Goths clearly

captured a significant amount of gold, but this does not mean it had to have been an Imperial

treasury.
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Figure 22: % of Hoards Containing Gold with Aurei/Solidi from AD 193 to

AD 337
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Figure 23: % of Hoards Containing Gold with Precious Metal Objects from AD

193 to AD 337
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being melted down to provide the gold for the piece itself (Bland, 2013, 274;

2014, 113). Finally, we should also consider fluctuations in the output of gold

mines. The silver mines at Rio Tinto in Spain seemed to have been abandoned

sometime in the AD 160s; the invasion of the Marcomanni into Dacia seems to

have caused the abandonment of the gold mines there; and in the early third

century, gold mines in the north west of Spain seem to have begun to decline

(Howgego, 1992, 7; Wilson, 2007; Yarrow, 2012, 426). These proposed supply

problems all suggest that the raw number of aurei in circulation within the

empire decreased notably. If this were causing hoarders to not use gold coins

then we would expect to see the rate of deposition of gold coins to noticeably

decrease in the AD 235 to AD 260 period. This does not seem to be the case.

Between AD 193 and AD 218 there are 0.88 hoards containing gold coins per

year, between AD 218 and AD 235 it is 0.65 per year, and in the AD 235 to

AD 260 period it is 0.56 per year (Figure 24). This seems to suggest a slight

Figure 24: Rate of Deposition per annum of Different Types of Gold Deposit

from AD 193 to AD 317
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downward trend across the early third century, but not enough to explain the

radical movement from the vast majority of gold hoarders using gold coins

to the vast majority not between AD 235 and AD 260. Indeed, the rate of

deposition in the AD 218 to AD 235 period (0.65) is in the same region as

the figure for the AD 235 to AD 260 period (0.54); yet the proportion of gold
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hoarders using gold coins in the former period is almost double the latter (73%

compared to 36%). Moreover, the drop in the rate of deposition is greater

between the AD 193 to AD 218 period (0.88) and the AD 218 to AD 235 period

(0.65), but the reduction in hoarders using gold coins is far less (96% to 73%).

Across the second century the rate of deposition is 1.16 hoards containing gold

coins per year (Table 1), so the decrease in the rate of gold hoards cannot really

be attributed to decreased insecurity - unless one wishes to argue the second

century was more volatile than the third.

Perhaps emperors in the AD 235 to AD 260 period were forced to send gold

outside of the empire – in the form of bribes, subsidies, tribute or mercenary

pay – whereas earlier and later emperors were not? Even if this were the case, it

does not come close to wholly explaining the pattern seen. Across the second

century there were 1.16 gold hoards containing gold coins per year, which

represented over 90% of gold hoarders choosing to hoard gold coins. Between

AD 235 and AD 260 there were 0.56 gold coin hoards per year and only 36%

of gold hoarders chose to store gold coins. However, it would appear that the

levels of production remained broadly similar, if the die studies collected by

Bland (2013, Table 2, 272) are used as a rough proxy for rates of production.

Bland has die data from one emperor, Philip the Arab, in the AD 235 to AD 260

period. Philip the Arab reigns for 4.67 years and 141-257 obverse dies were

estimated, which Bland equates to an average of approximately 40 obverse dies

per year. Trajan averages approximately 47 obverse dies per year, Hadrian at

40 per year and Antoninus Pius at 38 per year; which are all figures reasonably

in tune with the estimates for Philip the Arab. This conclusion would be

strengthened with the addition of early third-century die study data, but at

least for now it would appear that aureus production remains relatively stable

from the second into the third century. For export out of the empire to be

the mechanism by which 64% of gold hoarders were unable to find even one

gold coin to store, then all of the gold struck by emperors in this period in

addition to a significant proportion of the aurei already in circulation would

need to have been exported. Furthermore, this needs to have happened very

quickly in the 230s in order for over 70% of hoarders to be able to store gold

coins between AD 218 and AD 235, but only 36% between AD 235 and AD

260. Both the scale of this export, and the speed by which it needs to have

occurred, make it highly improbable.

Furthermore, a number of hoards deposited after AD 260 contained aurei

that were issued during the AD 235 to AD 260 period. Of the 27 hoards

containing gold coins closing between AD 260 and AD 275, 19 could have

their aurei compositions verified at the coin level. Of these 19, nine hoards
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contain aurei that were minted between AD 235 and AD 260; and at least

13 contain aurei that were minted before AD 260. This suggests that any

supply issue of aurei from the AD 235 to AD 260 period was not particularly

acute. As a specific example, the Teatro Regio hoard deposited in AD 260

contains 10 aurei issued between AD 238 and AD 251. The hoard is only 34

aurei in total, suggesting that at least this particular depositor did not have

an issue obtaining aurei issued from the reign of Gordian III onwards. It

could be argued that these aurei were outside the empire before AD 260, but

had returned across the border to be deposited. Even if, by some unknown

mechanism, aurei were flooding back into the empire from ‘Barbaricum’ we

would expect many of these coins to be damaged or incorporated into objects.

Bland (2013, 273) asserts that aurei exported to European peoples outside

the empire were cut into ‘hackgeld’ and pierced or mounted in jewellery.

Furthermore, Callu (1991) notes that finds of pierced aurei are concentrated

in areas outside the empire, such as Free Germany and Scandinavia. In the

data collected in Appendix 1, pierced aurei that are clearly parts of jewellery

or other items have been recorded as objects, not coins. As such, the number of

gold coin hoards between AD 260 and AD 275 is not inflated by having aurei

incorporated into objects counting as a deposition of gold coins. Moreover,

generally speaking, the aurei catalogued from the AD 235 to AD 260 period

as part of the third-century weight data are not holed or obviously damaged.

While museum collections may hold many examples of holed aurei from the

third century, there is the distinct possibility that these coins have a non-

Roman provenance – such as in the Berlin Museum’s collection (Callu, 1991)

– or were separated from an associated object before being sold on. As such,

there is not a great deal of evidence that the resurgence of gold coin hoarding

is a result of aurei that had been circulating outside of the empire for a decade

or more returning to the empire.

Perhaps demand for gold coins drastically increased in the mid-third

century and the supply problem was a relative rather than an absolute one?

Again, this cannot wholly explain the patterns observed in the data. Between

AD 193 and AD 218 there are 0.92 gold hoards per year, between AD 218 and

AD 235 there are 0.88 per year, and in the AD 235 to AD 260 period there

are 1.47 hoards containing some form of gold per year (Figure 24). We can

perhaps infer from this that the demand for gold to hoard was particularly

high from AD 235 to AD 260 and the aurei in circulation could not meet this

demand; as such hoarders turned to precious metal objects. This hypothesis

faces a number of obstacles.

It would appear that production remained broadly stable between the
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second and early third century. In the second century this was more than

enough to sustain 1.16 gold coins hoards a year. In the AD 235 to AD 260

period the rate of deposition for all gold hoards was 1.47 per year. There is

clearly a noticeable increase in the ‘demand’ for gold to store, but it is not a

radically large one. If ‘demand’ outstripped supply, then we would expect to

see gold hoards containing fewer aurei alongside more precious metal objects

– instead what we see is 64% of gold hoarders in this period not using a single

aureus. This means that this hypothesis has to rely on a large proportion of

aurei in circulation ‘disappearing’ in the AD 235 to AD 260 period, which, as

discussed above, is quite improbable.

Furthermore, between AD 260 and AD 275 the rate of deposition of hoards

containing any form of gold is even more elevated at 2.53 per year, and the

rate of deposition of hoards containing gold coins is significantly greater than

in the preceding period at 1.80 per year. This represents 71% of gold hoarders

storing gold coins. If there was an increased demand for gold to hoard, then

between AD 260 and AD 275 it would appear that gold coins were meeting a

much greater demand to a much greater extent than in the previous period.

If there was a ‘supply and demand’ problem between AD 235 and AD 260,

then not only have all the aurei that ‘disappeared’ been replaced, but even

more have been added into the circulation pool in order to fulfil this increased

demand.

However, there is simply not the associated huge uptick in the production

of aurei between AD 260 and AD 275 for this to be plausible. Bland has die

data from six emperors, including Gallic Emperors, reigning between AD 260

and AD 271. Across this 11-year period between 668 and 1023 obverse dies

were estimated, giving an average of approximately 77 dies per year across

this period. This is a noticeable uptick compared with production under

Philip the Arab, a 75% increase. However, the rate of deposition for gold

hoards has also increased by approximately 75% in this period, while the rate

of deposition of gold coin hoards has increased by 221%. This increase in

production, then, is not large enough to wholly explain the movement from

0.56 hoards containing gold coins per year to 1.80 per year, in a period where

gold hoarding rises from a rate of 1.47 a year to 2.53, and the proportion

of gold hoarders using gold coins increases from 36% to 71%. If a lack of

gold coinage relative to demand was depressing the proportion of gold coin

hoards between AD 235 and AD 260, we would expect to see a huge increase

in production between AD 260 and AD 275 to account for the return of aurei

that ‘disappeared’ from circulation and to meet increased ‘demand’ for gold

to hoard. Not only does this not appear to happen, but it is unlikely that
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demand fuelled production anyway. Finally, if hoarders were using precious

metal objects because ‘demand’ for gold coinage outstripped supply, then why

did they continue to deposit precious metal objects when a supply of gold

coinage seems to have been restored?

As such, we can infer from all this that solely a supply problem, whether

relative or absolute, cannot satisfactorily and comprehensively explain the

changes in hoarding behaviour in this century. As shown above, it is difficult to

map the hoard data onto a narrative that only includes acute supply problems.

Clearly there are factors affecting the supply of gold coinage in the third

century that probably did not exist in the first and second centuries. The

slight downward trend in the rate of deposition of gold coin hoards in the

early third century can probably be attributed to supply issues. However, it

is clear that supply issues are not wholly responsible for the radical change

in hoarding behaviour in the mid-third century and the general reluctance to

hoard gold coins between AD 235 and AD 260. Indeed, this would imply that

approximately 60% of gold hoarders in the AD 235 to AD 260 period wanted

to use gold coins, but were unable to find a single aureus to deposit. This

is difficult to believe and at some level it has to be acknowledged that trust

probably played a role in this movement away from storing gold in coin form

in the mid-third century.

Trust is a difficult concept to quantify, whereas money supply and coin

fineness are less so; perhaps because of this the importance of these latter two

factors can be overstated when dealing with the Roman monetary system: our

primary forms of evidence are coins and hoarding patterns after all. However,

the Roman monetary system clearly had an element of trust within it. Trust

is not a single entity, but can be defined as a variety of phenomena that allow

an individual to take risks when dealing with others that would otherwise

appear to be contrary to their own self-interest (Levi, 2003, 78). Trust is an

important concept for Roman money because of the potential for fiduciary or

nominalist qualities embedded within the coinage (Haklai-Rotenberg, 2011,

3-4). When individuals accepted a coin at face value they were assuming a

risk – essentially exchanging goods or services for a piece of metal that was

worth intrinsically less than the value of those goods and services – with the

expectation that they could then go on to use that coin at its face value as

well. Individuals are happy to assume this risk because they have trust in the

coinage. As argued in the previous chapter, the Roman monetary system was

primarily a metallist one, but with observable nominalist characteristics. The

face value of the aureus was given legitimacy by its metallic, intrinsic value,

but it was not wholly defined by it. Public trust in the system enables and
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supports its existence. Trust is intertwined with the level of confidence in the

economic environment, which is of course linked with public confidence in the

political regime and social conditions (Haklai-Rotenberg, 2011, 2). The result

is that public trust in the gold coinage is formed through an almost circular

relationship between economic stability, political stability and the amount of

gold in the aureus.

The unprecedented low-weight of the aureus in the AD 235 to AD 260

period can certainly be seen as a potential factor in the distrust of the aureus

as a store of wealth. The regular production of 3g and 4g aurei affects all

of the components of public trust listed above. First, the face value of a c.

4g aureus simply does not have the same legitimacy as the face value of a

Neronian or Caracallan standard aureus. The evidence collected suggests that

aurei of this weight were not regularly used or minted in the Roman Empire;

as such, accepting this coin at face value entailed a much greater level of risk

than under previous weight standards. This risk is compounded if these low-

weight aurei are used as long term stores of wealth. The intrinsic value is so

much lower than under earlier standards that it is perfectly understandable to

question whether these coins would be accepted at face value in the future, if

the weight of the aureus were to be raised. Essentially, the unprecedented low-

weight of the aureus in this period increased the risk of accepting them at face

value, while undermining the long-term expectation that these coins could

always be exchanged at their face value. It should be remembered that this

does not mean that individuals or the state must have also rejected the face

value of the aureus at a day-to-day level. Individuals assume a much lesser

degree of risk, and can be significantly more confident in their expectation of

future value, when using these coins in the short term. If the face value holds

today, it probably holds tomorrow; whether it also holds next year or next

decade is a totally separate issue.

Should we, then, see the fact that gold hoarders in this AD 235 to AD 260

period frequently make use of silver coins as a vote of confidence in their

long-term value? It of course depends on what kind of silver coins they are

hoarding. Silver coinage in the third century is heavily debased: Septimius

Severus debased the denarius to approximately 46% pure towards the end

of the second century (Butcher & Ponting, 2012, 77) and by the mid-third

century the ‘silver’ radiate was now effectively – in a metallurgical sense -

a copper coin32 (Butcher, 2015, 185). Hoarding these coins, while rejecting

32These coins were probably still considered to be in their own distinct category of coinage,

however. The term bicharacta in Diocletian’s letter that accompanied the Prices Edict seems to

refer to silvered, copper-alloy coins that are distinct from silver coins and copper-alloy coins
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contemporary gold coins in favour of bullion, would seem to be a paradoxical

position to hold. However, many of the gold hoards surveyed here seem to

be making extensive use of older, purer silver coinages. For example, of the

gold hoards surveyed in Appendix 1 with an earliest closing date between

AD 235 and AD 249, eight had coin-level detail for their silver coins. Four33

out of these eight34 hoards made extensive use of first- and second-century

silver coins; with an additional four hoards35 to those eight probably having

significant proportions of these coins as well, although their catalogues are

imprecise. Denarii from those centuries are generally just over 3g (Duncan-

Jones, 1994, 225) and are in the region of 70-80% pure (Butcher & Ponting,

2012, 69-76). From AD 238 until the early 250s, aurei are struck at c. 4.8g.

If we assume the 25:1 ratio still holds and a value ratio of silver to gold at

12:1, then a 4.8g aureus is equivalent to approximately 58g of silver whereas

25 first- and second-century denarii are probably equivalent to somewhere

between 60g to 66g of silver.36 As such, hoarding these earlier denarii is a

logical decision if one wished to maximise their bullion value. Effectively,

an individual gained more metallic value if they swapped 25 denarii worth

of goods or services for 25 older denarii than if they exchanged them for

a contemporary aureus. As such, the inclusion of first- and second-century

silver coins in these hoards should not be used as a statement of trust in the

contemporary silver coinages; if anything the presence of these older, heavier,

purer silver coins indicates a more bullionist mind-set. Indeed, Schubert

(1992) argues that hoarders preferentially selected older, purer denarii over

radiates for as long as was possible precisely because of this. However, it

must be acknowledged that many of these hoards also contain heavily debased

third-century denarii from which no metallist advantage can be gained. It

is improbable that hoarders in this period, the vast majority of which used

bullion-like precious metal objects, genuinely believed that heavily debased

silver coinages offered a safer long-term store of wealth than low-weight aurei.

Instead, it is more logical to see this as reflecting the abundance of these coins

in the circulation pool (Scheidel, 2010, 103), or their ubiquity in everyday

usage, or, perhaps, the desire to keep some wealth in more liquid forms, before

(Hendy, 2008, 452-3).
33Larissa (CHRE ID: 6747), Sainte-Consorce (ID: 6325), Köln II (ID: 3089), Eining I (ID:

3067), Vaise (ID: 3493)
34Other hoards: Lime Street (CHRE ID: 727), Jiet,-Popi (ID: 2643), Nicolaevo (ID: 3362),

Saint-Genis-Laval (ID: 6327)
35Tunnel de l’Épine (CHRE ID: 3485), Eining I (ID: 3067), La Chapelle-Des-Marais (ID:

5929), Kingersheim (ID: 3288)
3625 hypothetical 3.2g denarii at 75% pure, and 25 hypothetical 3.3g denarii at 80% pure
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seeing this as a firm statement of faith in the long-term face value of the silver

coinage.

Between AD 250 and AD 260 the weight of the aureus continued to decline,

with a target weight of somewhere between 2g and 3g (Figure 19). Of the gold

hoards surveyed in Appendix 1 with an earliest closing date between AD 250

and AD 259, 13 had coin-level detail for their silver coins. Only two of these

featured any notable proportions of first- or second-century denarii, which

should probably be seen as reflecting how difficult it was to now acquire these

coins rather than any statement of trust. These hoarders instead used a mix of

third-century silver coinages, with 637 of the 1338 making extensive use early

third-century silver. The use of this early third-century material is important

as it, again, represents better bullion value than contemporary gold. Aurei of

Valerian and Gallienus represent between 24g and 36g of silver depending

on weight, whereas 25 denarii of Septimius Severus or Caracalla represent

approximately 37g of silver.39 Of course this could be more efficient: even

the 4.8g aurei have a greater intrinsic value than 25 third-century denarii, and

the inclusion of mid-third-century radiates by all of these hoarders represents

the hoarding of coins with low intrinsic values. However, the contents of

these hoards could very well be the most efficient deposits these hoarders

could, or perhaps wanted to, create. All but one of the 13 hoards surveyed

here contained bullion-like gold and/or silver objects, which all represent

significant monetary investments into a metallist mindset. Perhaps these

hoarders felt they had already made a sufficient ‘metallist hedge’ by doing this

and simply accepted some risk by storing debased silver coinages. In this final

ten-year period, then, the inclusion of silver coinages with low intrinsic values

may well represent what is abundant in the circulation pool, rather than what

the hoarder had supreme faith in.

The declining weight of the aureus across the period AD 235 to AD 260

probably circularly influenced the outlook on the economic environment and

the strength of the state itself. Individuals would be able to directly compare

older aurei, consisting of six or seven grams of gold, with the newer, lighter

37Givry I (CHRE ID: 8502), Wiesbach-Mangelhausen II (ID: 5299), Balozsameggyes (ID:

2875), Mâcon III (ID: 7456), Bušetina (ID: 2876), Chalain-d’Uzore (ID: 3612)
38Other hoards: Obfelden (CHRE ID: 6461), Jagodina-Kruševac (ID: 2797), Morienval (ID:

3345), Saint-Paul-De-Varax (ID: 6283), Etrigny I (ID: 7426), Montbrison 2 (ID: 3815), Esbarres

(ID: 3234)
3925 hypothetical 3.2g denarii at 46% pure. This is probably representative of post-reform

denarii of Alexander Severus as well (Duncan-Jones, 1994, 225; Sydenham, 1919, 136),

however, we lack good data – that has not fallen foul of surface enrichment – for the fineness

of third century silver
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aurei. At a simple level, individuals would be able to see that their gold coinage

was not as ‘good’ as it was before and could quite feasibly make the assumption

that general economic conditions must, therefore, have also got worse. Equally,

the state was not able to mint gold coins with the same intrinsic value as before

and individuals could easily infer that this meant the state was suffering from

some kind of fiscal inadequacy. Again, there was the feasible assumption

that the current political regime was not doing as well as previous ones. In

the mid-third century confidence in the state was almost certainly further

undermined by the political instability of the time. Between AD 235 and

AD 260 there were 11 different political regimes – some in direct opposition

with each other – under which only one Emperor, Hostilian, died of natural

causes; the rest were either assassinated or killed in battle. The expectation

that a political regime would honour the face value of a low-weight aureus is

surely undermined if the individual cannot be confident in the longevity of

the state itself. At a more irrational level, individuals could simply dislike any

lowering of weight standards for moral reasons. In the Roman world, rational

ideas did not always govern economic decisions, and moral and economic

ideas seemed to have been closely intertwined (Butcher et al., 2014, 8; Walker,

1978, 106). With the absorption of the powers of the Pontifex Maximus and

the Censor, the office of Emperor was essentially responsible for upholding

religious, moral and social standards. Indeed, Emperors were keen to style

themselves ‘restitutor’ - ‘restorer’ - in emulation of the Augustan virtue: Trajan

restores Republican and Julio-Claudian coin types; Hadrian’s restitutor coin

series styles him as restorer of multiple regions of the Empire; Trajan Decius

is recorded in an inscription at Apulum in Romania as ‘restitutor Daciarum’,

‘restorer of Dacia’ (Găzdac, 2010, 53); and Valerian, Gallienus and Aurelian all

used the title ‘restitutor orbis’, ‘restorer of the world’, on their coinage (Watson,

1999). Furthermore, Williams (2007, 177-8) sees the restoration of the weight

and purity of the denarius under Domitian and Diocletian as public acts of

moral revivalism. Emperors, then, who so lowered the weight standard of the

aureus could be seen as undermining standards at a wider level – they were

certainly not acting as restorers. While economically irrational, it is morally

explicable for an individual to subconsciously, or perhaps even consciously,

distrust a coin and its issuer due to the perception that the object represented

moral decline. In all, this mentality can be summed up by the notion that ‘the

money is not as good as before, therefore nor is the economy or the state’. This

mind-set would then circularly validate the original judgment made by the

individual to have less confidence in the low-weight coin. It is in this way that

public trust in the gold coinage, a phenomenon that consists of both rational

98



and irrational components, is undermined.

Between AD 235 and AD 260 only 36% of gold hoards contained single

aurei, a reduction from 73% in the previous period. 75% of hoards contained

some kind of precious metal object, an increase from 33% in the previous

period. While it is difficult to measure or quantify trust, considering that

supply-based arguments do not adequately explain this behaviour change,

these figures can probably be used to show that there was an observable shift

away from using gold coins as a store of wealth. The inference is that the new,

low-weight gold coins were no longer trusted to retain their face value in the

medium to long term. It should be noted that if there is a decline in trust in

these new sub-five-gram aurei, that it was not universal. Between AD 235 and

AD 260, 8 of the 14 hoards containing gold coins stored aurei that were minted

between these dates, presumably struck to the contemporary lower-weight

standards. Of course, this only shows that 21% of all gold hoarders in this

period definitely trusted contemporary gold coinages as a store of wealth, but

it does also suggest that any collapse in trust in low-weight aurei was not a total

one. If we use the prevalence of storing precious metal objects in gold hoards

as an index for distrust in the coinage, then the latter half of the third century

becomes difficult to explain. Generally, the proportion of hoards containing

precious metal objects remained elevated – suggesting a continuation of a

bullionist mentality – yet the vast majority of gold hoarders returned to using

gold coins as well. Trust had been restored in the gold coinage as a store of

wealth, yet a bullionist mentality still remained. Considering the apparent

abandonment of the weight standard from AD 260, it is worth investigating

whether the nature of the aureus had also changed in this period.

From AD 260 onwards there is a resurgence in the presence of gold coinage

in hoards, although this is not accompanied by a clear reduction in the usage

of precious metal objects. 71% of the gold hoards collected dating between

AD 260 and AD 275 have gold coins in them, with the same proportion of

hoards containing some kind of precious metal object. The pattern for gold

coinage continued in this trend – for the rest of the third and into the early

fourth century, gold coins are present in the vast majority of the gold hoards

collected. The AD 235 to AD 260 period, is then, rather anomalous in terms

of the hoarding of gold coinage. For precious metal objects, however, there

seems to be some continuation of the AD 235 to AD 260 pattern. Between

AD 260 and AD 275, 76% of gold hoards contain some kind of precious metal

object; between AD 275 and AD 296, 52% contain precious metal objects; and

between AD 296 and AD 318, 43% contain precious metal objects. While

still notable proportions, these figures give the impression that the use of
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bullion-like objects to store wealth was clearly decreasing into the fourth

century. However, this does not account for the use of gold multiples. It

is probably sensible to group multiples and medallions with precious metal

objects, because they almost certainly did not have a fixed relationship with

single aurei. As argued above, the weights are simply too erratic for these

multiples and medallions to really be used as anything but bullion. When

multiples are treated as gold coins the pattern observed essentially remains

unchanged from what was observed when just looking at single aurei (Figure

25). However, if they are treated as pieces of bullion the downward trend in

Figure 25: % of Hoards Containing Gold with Gold Coins and/or Multiples

from AD 193 to AD 337
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hoarders using bullion-like objects after AD 260 flattens considerably (Figure

26). Now, between AD 275 and AD 296 62% of hoards contain some kind of

bullion-like object; and between AD 297 and AD 317 it is 64%. Interestingly,

the proportion of hoards storing multiples and medallions increases from AD

260 onwards, while the proportion storing gold and silver objects decreases.40

Perhaps gold multiples were now partially fulfilling the function of privately

produced ingots and jewellery in gold hoards: being high-weight they are an

efficient store of large amounts of wealth. Overall, the tendency for hoarders

40See Figure 23 and page 131.
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Figure 26: % of Hoards Containing Gold with Precious Metal Objects and/or

Multiples from AD 193 to AD 337
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to store other forms of precious metal alongside their gold coinage reduces

somewhat from the height seen between AD 235 and AD 260. However, even

as late as the fourth century there were still a large proportion of hoarders that

have the need or desire to store bullion-like precious metal objects or multiples

alongside their aurei.

The latter half of the third century presents an interesting case. By AD 260

‘something’ had caused gold hoarders to use gold coins to approximately the

same extent as they were in the early third century; but this same ‘something’

does not appear to significantly reverse the practice of storing precious metal

bullion and objects until the early fourth century. The absence of gold coinage

between AD 235 and AD 260 was explained as being either a supply and/or a

trust issue. The return of gold coinage in gold hoards after AD 260 would

suggest that the issue has been solved. If supply issues were the greatest

factor, what event around AD 260 has caused the state to suddenly have a

stockpile of gold? What new region has been conquered, what new mine has

been discovered? The events of the late AD 250s are hardly Rome’s finest.

Valerian managed to reclaim Antioch in AD 257, only for the Goths to sack

Asia Minor the following year, before losing the battle of Edessa and being

captured by the Sassanid Persians. Gallienus spent the majority of this decade
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repelling invasions along the Rhine frontier, but the revolt of Ingenuus in AD

258 probably allowed the Franks, the Alemanni and other Germanic tribes

to finally penetrate the Rhine frontier and spill into Gaul and Spain. Most

notably, Postumus was able to set himself up as a breakaway Emperor in the

latter years of this decade, controlling the Gallic Empire of Britain, Spain, most

of Gaul and parts of Germany by AD 260 (Bakker, 1993). None of these events

were particularly profitable for the state. Furthermore, if the problem was

largely one of supply, then the problem was so great that between AD 235

and AD 260 only around 40% of gold hoarders could actually acquire aurei for

deposition. However, of the six hoards collected dating between AD 260 and

AD 275 as part of the sample for the weight data, five contained aurei issued

in the previous AD 235 to AD 260 period – this does not suggest an acute lack

of supply of gold coinage at this time. As such, the most logical explanation

is that the trust issue has been solved and that gold coins were now trusted

as a store of wealth again. We would expect this to be achieved through the

restoration of a sensible weight standard; however, the opposite seems to have

occurred. It would appear from AD 260 onwards the weight standard has been

completely abandoned and hoarders are now absolutely unconcerned with the

varying weights of the aurei they are depositing. Aurei regularly drop below

5g in the latter half of the third century and hoarders in general seem to have

been far more tolerant of weight variation regardless of whether they were

a small or large depositor. For hoarders to trust the gold coinage as a store

of wealth again, while being totally unconcerned with its weight suggests a

radical change in the way that the aureus was now valued. This change is,

most probably, one from circulation by face value to circulation by weight.

4.2 The Erosion of Trust, the Rise of Bullion and

the Development of a NewMonetary System

How the Romans valued their gold coinage certainly changed at some point

in this period. Diocletian’s Edict of Maximum Prices in AD 301 sets out a

maximum price in denarii that gold coins can be bought for, suggesting that

by this time the value of the aureus was ‘floating’ (Erim et al., 1971, note

23, 176). If the value of the aureus was floating, then this means the fixed

relationship between gold and silver must have broken down. The Edict of

Maximum Prices generally seems to be an attempt to combat inflation. It

blames merchants unscrupulously raising prices for this inflation and sets the

death penalty for any further price speculation (Corcoran, 2000, 207-11). In
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general, the Edict deals with existing problems and practices (Graser, 1940,

168); as such, it can be safely assumed that this did not institute the practice

of gold coinage circulating by weight (Abdy, 2012, 589). The aureus, then,

must have started circulating by weight at some point in the third century.

The evidence collected above suggests that this had occurred by AD 260.

In terms of how the Romans perceived the value of their gold coinage, the

early third century was most probably a continuation of the second. Four

hoards with closing between AD 201 and AD 238, for which metrological data

were available, were collected. One of these, the Paris Rue Clovis large deposit,

closes before the Caracallan reduction and the other three are small deposits

that close after the Caracallan reduction, with the latest being the Osijek II

hoard. With only four hoards, the Spearman’s Rank analysis used for the AD

64 to AD 200 material is not appropriate for this subset of the third-century

data. Instead it is best to manually look for similarities. The Paris Rue Clovis

hoard closes no earlier than AD 205 and probably consisted of well over a

thousand aurei. Unfortunately, only 15 have been catalogued. Of these aurei,

the majority cluster just over 7g - although two examples drop to 6.94g and

6.86g – and stretch from issues of Vitellius to Septimius Severus. Considering

how incomplete the hoard is, the 0.51g range should be seen as the minimum

possible range this hoard had. Generally, the hoard would appear to be in

keeping with the patterns seen in the second century: a circa 1% sample of the

hoard shows a variety of issue dates and degree of tolerance towards weight

variation, which is in keeping with large deposits from the previous period.

The three post-Caracalla small deposits present a slightly less clear picture,

however. Being small deposits we would expect them to show a degree of

preferential selection and, therefore, their aurei weights should cluster just

below the new circa 6.5g Caracallan weight standard. For the Osijek II hoard

this is certainly the case. There are weight data for 9 of the 13 aurei, which

date from AD 218 to AD 222/228, and they range from 6.17g to 6.48g – a total

range of 0.31g. This is in line with the average range of small deposits from

the second century. The other two small deposits are not as convincing. The

Eining I hoard was deposited between AD 228 and AD 231, and contains 3

aurei – one of Vitellius, Trajan and Antoninus Pius - but only the earliest two

have weights catalogued. These two aurei weigh 5.55g and 5.6g respectively, so

while the total range is very low we would ordinarily expect small depositors

to have ‘filtered out’ aurei that were this light. The same can broadly be said

of the Kempten hoard which also closes between AD 228 and AD 231. It has

at least 6 aurei dating from Nero to Antoninus Pius, although weight data are

only available for the issue of Hadrian and Antoninus Pius. These two weigh
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5.52g and 6.29g respectively. For the Eining I hoard, one could argue that the

depositor may have only had access to these low-weight aurei and they actually

represent the most preferential aurei for this individual to store. However,

the same cannot be said of the Kempten hoarder who stored both relatively

high-weight and low-weight issues. Duncan-Jones (1994), argues for a short-

lived lower, c. 5.5g, weight standard between AD 226 and AD 231. While

the hoards collected here do not have extensive weight data for Alexander

Severus’ reign, the British Museum collection has 27 specimens with weight

data available – overall they do not support this assertion of an obvious and

widespread lowering of the weight standard at this time (Figure 17), even if

they do show increasing variability. As such, the c. 5.5g aurei in these hoards

would probably have been significantly lighter than the majority of aurei in

circulation. These three hoards provide a somewhat muddied picture, with no

clear evidence of new hoarding behaviours or attitudes to aurei at this time, yet

equally no definitive evidence for the certain continuation of second century

practices. Given that the rest of the weight data show that a coherent weight

standard of circa 6.5g was present at this time and that hoard data show a

continuation in the type of gold hoarders were depositing between AD 193

and AD 235 (i.e. aurei rather objects), the most probable scenario is that the

aureus was still circulating by face value in this period.

By the mid-third century the trust that individuals had previously held

in the gold coinage had most probably eroded. In the early third century

the vast majority of gold hoards contained aurei, between AD 235 and AD

260 this reduced to only 36%, with precious metal objects or gold ‘multiples’

now being present in 78% of hoards. Gold hoarders had clearly rejected the

gold coinage in favour of precious metal bullion and bullion-like objects –

essentially objects valued by their intrinsic worth. As argued above, this

rejection cannot wholly be explained by supply issues and was probably a trust

issue. The cause of this was probably the rapidly declining weight standard

in this period. Callu et al. (1985, Fig. 12) show that the gold coinage was not

regularly debased until sometime in the early 250s, throughout the majority of

the AD 235 to AD 260 period the aureus was as pure as it had been in the first

and second centuries. As such, debasement was not the issue here – indeed

debasement of the aureus is most prevalent in the AD 260s, which is the point

in time when there is a resurgence of gold hoarders using aurei. The logical

conclusion from the fact that hoarders rejected aurei that varied in weight, yet

were otherwise generally high of purity, is that the aureus was still intended to

circulate by face value in this period.

This had certainly changed by AD 260: gold hoarders were now happy
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to store aurei that varied considerably in weight. The inference here is that

the way the aureus was valued had changed and the gold coinage was, by this

time, circulating by weight. The majority of the weight data collected for the

AD 201 to AD 312 period comes from hoards that were deposited after AD

260: there are seven small deposits and three large deposits. What is most

apparent from this subset of the weight data is that both types of deposit

consist of significantly more varied weights of aurei after AD 260 (Figure 27).

The mean range of the seven small deposits is 2.26g and for the three large

deposits it is 4.06g. The mean range of large deposits in the first- and second-

century material was approximately 1.23g – after AD 260, small deposits now

have mean ranges far in excess of this. Small deposits are worth paying

particular attention to because in the previous centuries the fact that they

contained preferentially selected coins suggested that aurei were circulating

by face value. A shift in this behaviour would, therefore, be good evidence for

an overall shift in how the aureus was valued. It would appear that there is a

behaviour shift at this point in time, given that small depositors are now happy

to open themselves up to significantly more weight variation (Figure 28), some

even more so than first- and second-century depositors hoarding hundreds of

aurei.

In the previous centuries small depositors were preferentially selecting

by weight by ‘filtering out’ low-weight coins. Spearman’s Rank analysis of

first- and second-century small deposits shows that minimum weight is a

poor indicator of how great the range of the small deposit will be (Table 15).

Maximum weight, however, has a very strong correlation with the range. If

small depositors were all generally trying to filter out low-weight aurei – with

what seems to be a cut-off point at around 7g – then it makes sense that the

heaviest coins would have the greatest impact on the range. If all hoards have

similar minimum weights, variation in the maximum weight will contribute

greatly to the overall weight range observed. In small deposits from AD 260 to

AD 312 this is no longer the case. Minimum weight is now strongly correlated

with overall range, suggesting that hoarders were no longer filtering out low-

weight coins (Table 16). Furthermore, maximum weight is also strongly

correlated with the overall range of the hoard, meaning small deposits with the

greatest range seem to be storing both the heaviest and lightest coins within

this subset of the data. The overall impression is of hoarders who are now

completely unconcerned with the weight of their aurei.

Between AD 64 and AD 200, the fact that the ranges of small deposits had

no real correlation with the size of the gold deposit, the closing date of the

hoard, or the range of issue dates of the aurei stored was used as an indicator
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Figure 27: Weight Range of Presumed Single Aurei in Deposits Closing AD

201 to AD 312
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Figure 28: Weight Range of Presumed Single Aurei in Small Deposits Closing

AD 64 to AD 312
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Table 15: Min. Weight/Max. Weight Spearman’s Rank Correlation Coefficient

Analysis of Small Deposits Closing AD 64 to AD 200

Table 16: Min. Weight/Max. Weight Spearman’s Rank Correlation Coefficient

Analysis of Small Deposits Closing AD 260 to AD 312
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that these hoarders were preferentially selecting their aurei. These factors had

no association with the weight range of the hoard because the range of weights

stored was dependent on the depositors own tolerance for weight variation.

Between AD 260 and AD 312 this is no longer the case (Table 17). The range

Table 17: Spearman’s Rank Correlation Coefficient Analysis of Small Deposits

Closing AD 260 to AD 312

of issue dates now has a relatively strong positive correlation with the weight

range of presumed single aurei. If these hoarders were simply indiscriminately

drawing from the circulation pool it makes sense that those who stored older

issues – which were struck to higher-weight standards – would generally have

greater ranges. Given the sample size, however, this strong correlation is

not statistically significant. There is also a very slight, but again statistically

insignificant, positive correlation between the number of single aurei and the

range of the deposit. We would expect this to be a much stronger factor if

hoarders were simply drawing indiscriminately from the circulation pool –

more coins increases the chance of getting particularly low- or high-weight

issues. However, given that six of these seven deposits consist of seven aurei or

fewer, it is understandable why this factor is slightly muted.

A new factor that was added into the analysis for the third- and fourth-

century material was ‘estimated value in grams of gold.’ This is to reflect the

fact that many of these hoards contain multiples and objects that greatly add

to the total worth of the hoard, but are not accounted for in the size of the

gold deposit data. In the first and second centuries factoring in the value

of the additional denarii in the hoards has no real effect on the correlation

coefficients returned; the values are very similar to that of gold size. For

example, the correlation co-efficient returned when the total value of first- and

second-century small deposits was compared with their range was essentially

zero, which is in good agreement with the value returned for gold size in Table
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3. Basically, the vast majority of the wealth in these hoards is represented

by the gold coins, factoring in other stores of wealth makes little difference.

For small deposits between AD 260 and AD 312, however, there is a very

strong positive correlation between the range of single aurei and the total

worth of the hoard. It is difficult to see why storing high value objects would

affect the range of the single aurei deposited. To an extent gold size and total

value overlap: the Teatro Regio hoard has one of the highest values because it

contains the greatest number of gold coins; the Bradley hoard has the lowest

value because it only consists of two aurei. However this does not explain the

almost perfect correlation. Perhaps individuals that used high-weight, high-

value precious metal objects for payments ended up with various weights of

aurei as ‘change’, which were then stored alongside the precious metal objects?

Equally, hoarders could have been treating the entire contents as bullion, and

so the various weights of gold coin could be some kind of ‘make-weights’

to reach specific bullion amounts? Finally, it is always worth remembering

that a correlation does not have to be meaningful: it is difficult to see how a

relationship between the total values of the hoards and the weight ranges of

the gold coins would have developed, and so it could simply be a quirk in the

data. For example, hoards with greater values will probably contain more gold

coins, and so it is statistically more probable that there will be a greater weight

range.

The actual values and why they are returned is not particularly important.

What is important is the fact that small deposits after AD 260 differ so greatly

in character from small deposits in previous centuries. This suggests a radical

shift in behaviour, which can only really be attributed to small depositors

no longer preferentially selecting by weight, instead they seem to be drawing

indiscriminately from a highly variable coinage pool. It is unlikely that these

hoarders had supreme faith in the face value of the aureus at this point in time.

Instead it is much more logical to assume that by AD 260 the aureus circulated

by weight.

4.2.1 Gold, Silver and Prices

The assertion that gold coins may have been weighed after AD 260 is not a new

one (King, 1993, 446). However, the evidence presented above puts real force

behind the notion that gold coinage was, in fact, being treated in a radically

different way by hoarders after this point in time. When this change occurred

is important because the point at which the face value of the aureus ceased to

exist signals a fundamental change in the Roman monetary system. Notably,
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it can no longer be taken for granted that a fixed relationship existed between

the silver and gold coinages if the aureus no longer had a face value. Although

it must be stressed that this does not necessarily mean that silver or gold

coinages immediately began circulating by their metallic value. Indeed, the

price data from Roman Egypt collected by Bagnall (1985), Rathbone (1997)

and Harper (2016) show that from the end of the second century41 until

Aurelian’s monetary reform in AD 274 there was generally a period of price

stability. The price of wheat, for example, was stable in both nominal prices

and as a price expressed as grams of silver, from the start of the third century

up until AD 274 (Harper, 2016, Figures 2 & 5). Of course, prices were not

totally static between the end of the Antonine Plague and AD 274, and it is

quite probable that there was some inflation in the price of other commodities;

however, it is the drastic difference in the scale of change that allows us to

label prices as ‘stable’ before AD 274 and as experiencing ‘inflationary spikes’

after this date. Bagnall (1993, 4), Rathbone (2007, 698) and Harper (2016,

803) all, in their own ways, state that while Egypt was distinctive it was not

unrepresentative of the Roman world at a basic level. So while there is danger

in extrapolating the minutiae of Egyptian prices across the Roman Empire, the

broad trends are probably representative. Indeed, the broad trend used here

is one where prices can be expressed on a linear scale before AD 274 and then

on a log scale after this date42 – this scale of change is unlikely to be caused

by regional peculiarities. If there were spikes of price inflation across the first

three quarters of the third century, then our textual sources were not interested

in documenting it (Butcher, 2015, 185).

After AD 274 prices expressed in silver coinage radically increased,

suggesting a large spike in inflation (Lo Cascio, 2005, 175). Lo Cascio (2009)

argues that this surge in prices was the result of monetary change, as prices

expressed in gold remained relatively stable, but when expressed in silver

coinage they spiked numerous times across the late third and into the fourth

century. We are left with a rather interesting situation. Between the late

second century and AD 274 it would appear the Empire experienced a period

of relative price stability. There would of course have been regional and

seasonal fluctuation, but this does not appear to be a period characterised

41Prices appear to approximately double in the decades after the Antonine Plague. This may

well have influenced the decision of Septimius Severus, Caracalla and Maximinus Thrax to

have increased the stipendium of the soldiers: Septimius doubled their pay, Caracalla increased

it by 50% and Maximinus Thrax doubled it again (Speidel, 2014, Table 1). We should not,

however, rule out the notion that pay may have also been increased to attract new recruits or

that these increases also served as bribes to ensure the loyalty of the army.
42See Harper, 2016, figures 2 and 3
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by erratic or horribly inflationary prices. Yet in this same period the empire

experienced unprecedented alterations to the fabric of the gold coinage. The

weight and hoard data presented above provides strong evidence that the

way gold coinage was valued radically changed somewhere around AD 260,

yet this does not seem to have affected prices, whereas the AD 274 reform

did (Lo Cascio, 2005, 175-6). Existing narratives of the monetary history of

the third century do not adequately reconcile the changes to the fabric of

the gold coinage; the changes in how the gold coinage seems to have been

used and valued by hoarders; and the lack of change in prices expressed in

silver coinage until the numerous inflationary spikes after AD 274. Generally

speaking, scholarly narratives have sought to find a precise tipping point at

which the system of the first and second centuries became the system of the

fourth century. A specific revolutionary point in time almost certainly does

not exist; instead it is probably more fruitful to identify a series of transition

periods over which the Roman monetary system progressively morphed.

To begin with, it is probably expedient to lay out the definitions and

assumptions that a narrative of the monetary history of the third century will

rest on. Official value, tariffed value and face value are all essentially terms for

the value of a coin that the state enforces and honours. In all probability, this is

the maximum value at which coins in the Roman world circulated. Metallic or

intrinsic value is the value of the coin as a piece of bullion and this is probably

the minimum value at which a coin could have circulated. Circulation by

weight is not the same as circulation by metallic value. The latter value is

formed by weight multiplied by precious metal purity, whereas circulation by

weight assumes a fixed purity – probably close to full purity if individuals are

willing to gloss over this aspect of a coin’s value – and the value fluctuates

with the mass of the coin. For example, if gold coins circulated by weight, to

determine their value an individual would only have to weigh them; whereas

if they circulated by metallic value, the individual would have to determine

the gold purity of each coin and then weigh them to determine what the coins

are worth. The exchange value of a coin is the value at which the coin can be

spent; in the first and second centuries this was probably the same as the face

value of the coin, however in the third century this cannot be taken for granted

(Haklai-Rotenberg, 2011, 23-9).

In terms of price fluctuation, a large inflationary spike in prices expressed

in silver coinage alongside relative price stability expressed in gold will be

interpreted as the exchange value of the silver coinage deflating. Across the

first three quarters of the third century prices expressed in silver coinage

were stable (Rathbone, 1996, 332-3). This suggests that the exchange value
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of the silver coinage also remained stable. The trends in the nominal and

bullion price of wheat across this period seem broadly congruent (Harper,

2016, Figures 2 & 5), suggesting some kind of stable relationship between

the silver coinage and precious metal. We know from Dio (55, 12; Buttrey,

1961) that the fixed 25:1 relationship between the face value of the denarius

and aureus existed at least until the reign of Alexander Severus. The legitimacy

of the face value of the denarius was almost certainly provided by its link to

gold – the silver purity of the denarius continued to decline over this period:

Septimius Severus’ denarii were under 50% pure (Gitler & Ponting, 2003,

375); between the reigns of Maximinus I and Volusian the denarius and then

the radiate fluctuated from 20% up to 45% pure (Cope, 1972, 42-3); and in

third quarter of the third century, depending on the minting authority, the

radiate fluctuated from under 20% pure to less than 5% pure (Cope et al.,

1997, 22-33; Walker, 1978). Yet the exchange value of the coin appeared to

remain relatively constant. This was probably able to happen because the

silver coinage effectively acted as a token for gold, and the hypothetical ability

to exchange a set value of denarii for a fixed weight of gold made up for the

lack of intrinsic value in the silver. If the silver coinage did not have some

kind of relationship with gold – and this does not necessarily have to be a

fixed exchange rate between officially tariffed coinages rather than a certain

weight of gold – but had to partially legitimise its exchange value through its

own intrinsic value, then we would expect to see the exchange value of the

silver coinage significantly reduce. This is unless the price of silver bullion

dramatically increased across this period causing the intrinsic value of later

debased coins to mirror that of the earlier, purer ones. However, for this to

be the case the price of silver would have had to increase by 60% between the

Antonines and the Severans, to have doubled by the time of Gordian III and

to have increased by something like 3000% by the time Aurelian strikes his

radiates in AD 271; all before crashing down again in AD 274. This seems

wildly improbable, whereas some kind of fixed relationship with gold seems

more likely.

Given that the exchange value of the silver coinage remains relatively

stable, it can be assumed that the system which legitimised the face value

of the silver coinage also continued. This can only be assumed while we

have very limited evidence for prices around AD 260 – if new price data

come to light that show inflationary spikes began as soon as the gold coinage

started circulating by weight, then we would have to conclude the silver

coinage ceased to be backed by gold at this point as well. However, it is

worth hypothesising how gold could have continued to back silver between
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AD 260 and AD 274 in the absence of these data. With this is mind AD 274

should really be seen as the ‘no later than’ date for the final breakdown of the

relationship between gold and silver.

The inflationary spike after AD 274, then, points to a period where this

system had broken down and the silver coinage no longer had a relationship

with gold, which is argued by Rathbone (1996, 337), and probably had an

exchange value closer to its metallic value. In sum, while the Romans showed

some nominalist tendencies the economy was fundamentally a metallist one:

they cared about the intrinsic worth of their coins. Across the third century

the intrinsic worth of the silver coinage became increasingly estranged from

its exchange value. This was possible because the silver coinage effectively

acted as a token for gold, with the ability to exchange it for gold legitimising

the face value of the coin. Prices seem to have been stable for the first 74

years of the third century, and for roughly a third of those we have textual

evidence that the fixed denarius to aureus relationship existed; continued price

stability in the next two thirds probably points to a continuation of some kind

of relationship between silver and gold. The inflationary spike in prices in

AD 274, followed by another after Diocletian’s reforms, suggests that changes

to the fundamental principles of the monetary system radically altered the

exchange value of the silver coinage.

One of the earliest singular tipping points identified is at the end of

Alexander Severus’ reign. Bland (1996) argues that the mint weights of

Alexander Severus’ aurei were so erratic that the relationship between the

silver and gold coinages must have broken down. This particular argument

has been dealt with at length above; in short, the aurei weights that were

being minted were relatively close to aurei already in circulation in the second

century and so one cannot argue that the monetary system de facto collapsed

because of these coins. Indeed, prices expressed in silver coinage appear to

remain stable, which is quite an improbable scenario if one argues that these c.

48% pure silver coins no longer had a relationship with gold. Instead, the end

of Alexander Severus’ reign should probably be viewed as one of the earliest

transition periods between the monetary system of the second century and

that of the fourth. It is here that the aureus weight standard, either through

the fiscal inadequacy of the state or the inability to tightly control minting

practices, becomes noticeably erratic and its integrity as a concept starts to be

undermined.

The next transition phase is the AD 235 to AD 260 period. Here the target

weight of the aureus reaches unprecedented lows, while also being struck at

quite erratic weights, and it would appear that gold hoarders lost trust in
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the gold coinage as a store of wealth. As argued above, a lack of supply of

gold coinage does not comprehensively explain why the vast majority of gold

hoarders sampled did not store a single gold coin, but were frequently storing

gold bullion and bullion-like-objects and silver objects and coins. Given the

low intrinsic value of the new aurei it makes sense that hoarders would be

reticent to use these as a long-term store of wealth. This does not necessarily

mean that the denarius to aureus relationship collapsed in the short term, but

we can certainly see why individuals would think that this sort of thing could

happen in the future. Again, these changes in the gold coinage have been

cited as a singular tipping point - Crawford (1975, 569) suggests the fixed

denarius to aureus relationship broke down as early as the 240s because of this.

If the denarius and the radiate had been radically re-tariffed in this period, or

their value had been totally decoupled from gold, we would expect to see a

commensurate change in prices given their low intrinsic values at the time.

As argued above,43 older, purer silver coinages had relatively high intrinsic

values compared with contemporary gold coinages, and so may have been able

to preserve some of their exchange value in this scenario. However, the bulk of

the silver coinage in hoards and in circulation in this particular period appears

to be heavily debased mid-third-century denarii and radiates. The intrinsic

value of these is very low, even compared with the very light contemporary

aurei being produced. As such, it would appear that the majority of silver

coinage is heavily overvalued compared with its intrinsic value and it is

unlikely to have maintained its exchange value unless it was backed by

something else. Generally speaking, it would appear that the exchange value

of the silver coinage remains relatively stable. Furthermore, if the value of

the aureus now fluctuated depending on its weight it makes no sense that

hoarders would distrust this kind of gold coinage as a store of wealth, given

aurei were still full purity up until the early 250s (Callu et al., 1985). Aurei

would effectively be acting like bullion, which we know was a trusted store of

wealth amongst gold hoarders in this period. As such, we would be back to

the improbable scenario that problems with the supply of gold coinage were

so bad that the vast majority of gold hoarders could not obtain a single aureus,

and yet changes to the fabric of this apparently unobtainable coin deeply

affected the attitude of individuals towards the monetary system as a whole.

As such, it is probably better to instead see this period as the next stage in

the transition of the Roman monetary system. In this period the continuation

of erratic mint weights and reductions of the aureus standard caused public

43See page 96.
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trust in the aureus as a store of wealth to be lost and bullionist tendencies to

be amplified.

By AD 260 the way Romans valued their gold coinage had clearly changed.

The vast majority of gold hoarders once again trusted gold coins as a store

of wealth, but also continued to use precious metal objects at roughly the

same rate. The resurgence in the use of gold coins in hoards is interesting

because it comes at a time when the state seems to have abandoned an aureus

weight standard, minting aurei anywhere from 1g to 8g in weight, while also

regularly debasing the gold coinage (Callu et al., 1985). Either the Romans

now had supreme faith in the face value of the aureus, which is highly unlikely

given the range of mint weights and purities observed, or the gold coinage

now circulated by weight. Given that small depositors after AD 260 were,

for the first time, unconcerned with the weight of the gold coins they were

storing, it seems logical to assume that they were no longer preferentially

selecting by weight because weight was intended to fluctuate. By abandoning

the aureus weight standard and minting to a large variety of weights the state

is supporting, or at least acquiescing to, the movement to valuing the aureus

by its weight. Technically, the state would be repudiating the face value of

the aureus if they did this, and we would expect to see knock-on effects on the

wider economy. However, a number of factors probably mitigated the effects

of this change to the gold coinage.

Rather than totally repudiating the gold coinage the state was almost

performing economic sleight of hand by reshuffling the face value of the

aureus. Before, the aureus would have an official value that was probably

slightly more than the value of the essentially pure gold coin. Given that for

around 300 years the aureus had been essentially pure gold, it is reasonable to

assume that the state would continue to issue it as if it were pure gold. Now,

the ‘official value’ of the coin was its weight in pure gold, but its intrinsic value

was now a few percentage points less than that due to it being debased.44 From

AD 260 to AD 274, gold coins were produced at anywhere from 88% to 95%

pure. In short, previously there was a hedge to cover the production costs by

making the face value higher than the bullion value, however, after AD 260,

this was achieved by debasing the gold with a less valuable metal while issuing

it as if it were pure gold. Indeed, if the state wished for gold to circulate

by metallic value rather than by weight, it would just have issued pieces of

bullion; otherwise every aureus minted would be at a loss. Those holding low-

weight aurei would have almost certainly lost out with this change, but the vast

44See page 231.
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majority of transactions in the empire were most probably in silver or base

metal coinages rather than gold; as such the impact on ordinary people was

probably relatively muted.45 While there is no reason to suggest that access

to gold coinage was restricted to an elite few (Lo Cascio, 2008, 170), large

quantities of gold were probably concentrated in a highly privileged stratum

of society. Furthermore, those that were storing large quantities of wealth in

gold had generally been using bullion or bullion-like objects for the last 25

years. Essentially, those that would have been most exposed to a revaluation

of the gold coinage by weight had been hedging against exactly this kind of

change for the last few decades.

Finally, there is no evidence to suggest that the silver coinage was radically

retariffed at the same time as the gold. While it has to be accepted that a fixed

coin-to-coin ratio between silver and gold denominations was almost certainly

over – which was suspected by Carrié (2007, 139-44) - there is no direct

evidence that the silver coinage was no longer backed by gold to some degree.

This is, of course, in the absence of additional price data from around AD

260 that could potentially bring the date of inflationary spikes forward. Gold

bullion had a market price in denarii and given that hoarders frequently used

gold bullion and bullion-like objects from AD 235 onwards it is clear that there

was an expectation that this value could be actualised. Providing that the state

issued relatively high purity gold coins, exchanged X weight of its gold coins

for Y denarii worth of services at this market rate and allowed the silver coinage

to act as tokens for gold by honouring a consistent value during the payment of

taxes, the exchange value of the silver coinage could have remained relatively

stable. Basically, the state would have to set an official relationship between

a denarius and a fixed weight of gold – which it had essentially always done –

at roughly market price and then honour that value when accepting payment

for taxes, no matter the temptation to overvalue its gold coinage or devalue its

silver to extract extra taxation from the population. Again, prices expressed in

Egyptian silver coinage remained stable in the 260s, suggesting the exchange

value of the silver coinage did not radically change. This suggests that if the

aureus was now circulating by weight, which it appeared to have been, the

state managed to avoid retariffing or revaluing the silver coinage – probably

by tying it to a fixed weight of gold coin. This hypothesised mechanism is

really all conjecture; and there is a reasonable chance that more precise price

data would reveal that the relationship between silver and gold broke down

45Although it does not appear that the state cared about individuals suffering financial loss

in times of reform – for example, Italian coinage seemed to have been summarily reduced to

half a nummus in the early fourth century (P. Ryl., 607).
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before AD 274, which would eliminate the need to explain why the exchange

value of silver coinage seems to have remained stable despite gold officially

‘floating’ as bullion.

In short, during the mid-third century fiscal pressures caused the state to

strike the aureus to a decreasingly low, erratic standard, which undermined

public trust in the long-term value of the aureus, amplified bullionist

tendencies and most probably threatened the integrity of the monetary system

as a whole. By AD 260 the state appears to have responded to this bullionist

mindset and reshuffled how the gold coinage was valued, allowing it to

circulate by weight and ending the fixed denarius to aureus ratio, while

seemingly maintaining the exchange value of the silver coinage, potentially by

tying it to a fixed weight of gold coin, if Egyptian price data are to be believed.

This system is not radically different from the previous one and was probably

sustainable in the long term providing the state could resist fiscal pressures

to significantly overvalue its gold or undervalue its silver coinage. However,

the reason the state had to abandon the aureus/denarius system in the first

place is because it was unable to resist the fiscal pressures encouraging it to

lower the aureus weight standard. It is improbable that these pressures were

significantly relieved in AD 260 and, considering the erratic purities of gold

coinage during the sole reign of Gallienus (Callu et al., 1985, 83), it would

appear that the state was attempting to significantly overvalue its gold coinage

through debasement from the outset. This, of course, threatened the system

as whole: if individuals refused to treat the state issued gold coinage as pure

and moved to bullion then the silver coinage would no longer effectively be

backed by gold and the legitimacy of the entire monetary system would be

in question. This is probably why Aurelian had to engage in further coinage

reforms.

The importance of Aurelian’s actions on the monetary system and wider

economy have been acknowledged for some time (Carrié, 2007, 144-6;

Howgego, 1995, 125-33; Rathbone, 1996, 337). The suggestion by Howgego

(1995, 125-6) that Aurelian’s reforms in AD 274 caused the decoupling of

a relationship between gold and silver should be viewed as broadly correct,

although the fixed silver coin to gold coin relationship was probably over by

AD 260 and Aurelian’s reform most probably stopped the silver coinage from

being viewed as a token for gold, instead leaving the low metallic value of

the silver coinage to legitimise its face value alone. Indeed, the XXI marks

we see on the antoninianus under Aurelian are clearly trying to convey some

kind of message of relative value to the user, probably that the coin was

itself 5% silver. The notion, put forth by Haklai-Rotenberg (2011, 23-9),
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that Aurelian’s retariffing of the silver coinage undermined public trust in it,

which caused its exchange value to plummet closer to its metallic value, is

also probably correct. The tenfold leap in prices expressed in silver coinage

after AD 274/5 identified by Rathbone (1996, 337) suggests that the exchange

value of the silver coinage radically decreased, from which we can infer that

the mechanism that legitimised the value of the silver coinage – some kind of

relationship to gold – also ceased.

The problem with existing narratives of Aurelian’s reform is that it is

often presented as a standalone event, a revolutionary point where the

aureus/denarius system was turned into the monetary system of the fourth

century. Instead it should probably be seen as one of the latter transition

phases, which further altered an already very changed monetary system.

Aurelian had not inherited the monetary system or economy of the second or

early third century. He had inherited an economy that displayed significantly

more bullionist tendencies than ever before; a gold coinage, minted from

anywhere between 65% to 99.9% pure, which circulated by weight; a low

intrinsic value silver coinage that was barely holding onto its legitimacy

through, it can be assumed, some kind of relationship to gold; all wrapped

up in a jury-rigged monetary system that seems to have been adopted due to

fiscal pressures and yet, given the debasement of the gold coinage, probably

immediately succumbed to them again. The monetary system Aurelian

inherited did not solve the underlying fiscal inadequacy of the state, it merely

delayed the effects of it – fundamentally, the state did not have enough

precious metal to meet its financial obligations.

Aurelian had two key problems to solve. The first was that an increasingly

impure gold coinage was disincentivising trust in state issued gold compared

with private bullion, threating the continued existence of the monetary system

as a whole. The second was that the state probably did not have enough

precious metal to meet its financial obligations. Aurelian seems to have dealt

with the former issue by restoring the purity of the aureus and minting it

at a broadly consistent weight after the AD 274 reform. The c. 98% pure

6.5g aurei were occasionally marked ‘I L’ – ‘1 50’ – which can probably be

interpreted relatively literally: they were marked ‘1 50’ because they were

essentially 1/50th of a pound of gold and were probably be intended to

be valued at 1/50th of a pound of gold. The changes to the fabric of the

gold coinage almost certainly helped restore trust in its value, but the new

consistency in weight maybe also made transactions with these coins slightly

simpler. Moreover, it appears that Aurelian also gained a tighter grip on

the minting process as a whole. Eutropius (IX,14) and Aurelius Victor (De
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Caesaribus, XXXV,6) both say that Aurelian brutally supressed a rebellion

of the mint workers at Rome, who apparently revolted because they feared

punishment for adulterating the coinage in some way. Eutropius mentions

an ‘infected coinage’ – vitiates pecuniss – which probably refers to some kind

of debasement, whereas Aurelius Victor writes that they ‘chewed the money

marks’ - nummariam notam corrosissent – suggesting they were filing off metal

from the coins. Gold coins minted to a variety of weights at a variety of purities

were probably more exposed to unscrupulous behaviours than aurei minted to

a consistent purity and weight. Aurelian’s new gold coins probably also had

an additional practical benefit to the state in that it would be much easier to

spot fraudulent minting practices in coins that were intended to be broadly

similar. Perhaps the accounts of the wrong-doing of the mint workers have

been exaggerated to justify Aurelian’s aggressive reassertion of his control

over the mint at Rome (Palmer, 1980); but it seems undeniable that he re-

established control nonetheless.

Aurelian’s second monetary challenge was that he probably did not have

enough precious metal to meet the various financial obligations of the state.

One way to solve this was to simply acquire more precious metal either

through conquest or extraction. However, Aurelian seems to have been pre-

occupied with reconquering the empire rather than expanding it (Drinkwater,

2005, 51-3); and new gold sources do not seem to be exploited until the latter

half of the fourth century, when there appears to have been a new platinum-

rich gold source. If extra gold could not be found then the state would have

to find ways to stretch existing resources. Aurelian’s immediate predecessors

seemed to do this by debasing the gold coinage, but Aurelian clearly moved

away from this practice. The only pragmatic option left was to overvalue

the gold coinage relative to the unit of account, the denarius, to increase the

purchasing power of the aureus for the state. This was probably achieved by

radically devaluing and retariffing the existing silver coinage. In the years

immediately prior to Aurelian’s reign it was hypothesised above that the state

preserved the exchange value of the silver coinage by allowing it to act as a

token for gold. Before AD 260 a pound of gold had a market price in denarii

and provided the state valued its new, bullion-like gold coinage at this market

rate, and honoured the silver coinage at this value during the payment of taxes,

the exchange value of the silver coinage could be vaguely preserved. With

Aurelian’s reform, however, it is almost certain that any notion of the silver

coinage having some kind of stable relationship with gold was ended. It was

most probably given an official value much closer to its metallic value, but

given the sharp spike in prices after AD 274 it is clear that public trust in the
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value of the silver coinage was significantly eroded.

A relationship to gold had anchored the exchange value of the silver

coinage and the sharp devaluation after AD 274 suggests this anchor had

been removed. Without it the price of gold would now float, but crucially

individuals would be left to navigate the tension between the metallic, official

and exchange value of a silver coinage which had very little silver content

to legitimise its value. It is quite farfetched to think that the various

denominations of silver coinage would have been run along a touchstone and

weighed before each transaction. It is far more probable that the market

came to a broad consensus on the exchange value of the various silver

denominations given their general silver content. Of course, as the state added

new denominations or altered the purities of existing ones, individuals would

have to repeat their navigation of the tensions between the various components

that made up the value of the silver coinage to determine its exchange value.

This is perhaps part of the reason why prices do not seem to stabilise in the

last quarter of the third century. The continued low-silver content in these

coinages does not incentivise any trust in the official value of the coin, and

the various monetary reforms under Diocletian would have only further tested

any existing public trust, forcing individuals again to renegotiate the exchange

value of the silver coin. For example, the reform of AD 294/6 introduced a

95% pure silver argenteus struck at 96 to the pound alongside a silver-washed

base metal coin valued at one quarter of the new argenteus (Lo Cascio, 2005,

176); in AD 301 the Currency Edict seems to have attempted to double the face

value of the argenteus and the silver-washed base metal coin (Erim et al., 1971,

175-6); and the Edict of Maximum Prices shortly afterwards suggests that the

argenteus was significantly overvalued compared with the price of silver the

Edict sets out (Howgego, 1995, 129). The fact gold had a maximum price

provides hard evidence that it was no longer tied to silver by AD 301 and

the continued over-valuation of the silver coinage most probably caused an

erosion in public trust in the tariffed value as well as the adoption of a variable

exchange value much closer to the metallic value of the coin. Ultimately,

the exchange value of the silver coinage seems to have continued to decrease,

which drove up prices expressed in this coinage.

Overall, there are a number of transition phases in the third century across

which the monetary system of the first and second centuries slowly morphed

into the kind of system seen in the fourth century. The erratic mint weight

of the aureus during the reign of Alexander Severus started to undermine

the concept of there being a consistent weight standard for the aureus. The

state was probably able to avoid any major repercussions due to the fact the
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various aurei weights were not radically different from worn aurei already in

circulation. However, between AD 235 and AD 260, the aureus continued

to be minted at inconsistent weights, but its target weight was now at an

unprecedented low. This undermined public trust in the long-term value of

the aureus and significantly amplified bullionist tendencies in the economy.

The short-term exchange value probably remained stable if the state continued

to honour the 25:1 denarius to aureus ratio; however, significant distrust in

core value of the gold coinage meant the monetary system was no longer

sustainable: trust in the value of the gold was needed to legitimise the value

of the lower denominations.

By AD 260 public trust in the long-term value of the gold coinage had

been restored. This is remarkable given that at the same time any semblance

of an aureus weight standard seems to have abandoned, the gold coinage is

regularly and significantly debased and gold hoarders continued to use bullion

and bullion-like objects at roughly the same rate as before. The most logical

explanation for this is that the aureus now circulated by weight. This may

have been a decision the state actively made to restore trust in the monetary

system, but equally public distrust may have reached a critical point at which

the state had to acquiesce to this change. Either way, this change was certainly

influenced by the bullionist tendencies developed across the mid-third century

and the abandonment of the aureus weight standard puts real force behind

the idea that circulation by weight was official, not just private, practice. The

fixed denarius to aureus ratio was almost certainly over, yet somehow the state

managed to preserve the exchange value of the denarius, indicated by the

continuity of relatively stable prices. Perhaps this was achieved by honouring

the silver coinage as a token for gold at an existing market rate and ensuring

that state-issued gold was given an official value at approximately this market

value. Essentially, the state could have continued to honour the face value

of the silver coinage even though the gold circulated by weight. Its ‘profit’

would presumably come from debasing its gold coinage and issuing it as if it

were pure, rather than stamping X grams of its gold as worth more than the

equivalent weight of private bullion. This new system, however, did not solve

the core issue of state fiscal inadequacy. The continued debasement of the

gold coinage was not sustainable if the whole monetary system was stabilised

by a trust in the intrinsic value of the gold coinage. Aurelian seemed to have

solved these problems by restoring the purity of the aureus and overvaluing

the gold relative to the unit of account by radically devaluing the face value

of existing silver coinage. Any relationship between the silver coinage and

gold was almost certainly over, public trust in the official value of the silver
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coinage was eroded and the exchange value of these coins was now legitimised

by their low intrinsic values, which probably caused exchange values to drop

closer to metallic values. The various monetary reforms of Aurelian and

Diocletian all seemed to have altered existing coinage and introduced new

silver denominations that had official values significantly estranged from their

intrinsic ones. This most probably caused public trust in official values to

weaken further and for exchange values to mirror metallic values even more

closely, resulting in the spikes of price inflation seen in the last quarter of the

third century. By the Prices Edict in AD 301, 25 denarii were worth only 0.11g

of gold.
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Chapter 5

Weight Data AD 312 to AD 450

At a fundamental level, the way hoarders treat the gold coinage in the late

third century does not change across the fourth or early fifth. The vast majority

of those that hoarded gold in the late third century used gold coins, and

this did not change during the fourth or fifth centuries. The introduction

of Constantine’s c. 4.5g ‘solidus’, the tight regulation of the gold coinage

pool, and the tax reforms of AD 366/7 did not have any appreciable effect

on the behaviour of gold hoarders. The most radical change in behaviour

was the sudden drop from the 340s onwards in the use of gold multiples

– multiples appear to have been withdrawn from the circulation pool and

their production seriously curtailed. This change was driven by the state’s

management of the circulation pool rather than a crisis of faith in a component

of the monetary system. Largely speaking, the increasing importance of

gold in the monetary system, state revenue and state expenditure across this

period should be seen as a continuation of the ‘evolution’ observed in the

third century. The periodisation chosen here is for organisational ease, rather

than an endorsement of the idea that there was a Constantinian monetary

revolution that was the defining moment for the monetary economy in this

period. Instead, this chapter proposes a narrative of continuous development

that began in the third century and extended across the fourth and early fifth

centuries, where individuals and the state were reacting to economic forces

largely beyond their control.

The target weight of the gold coinage was reduced under Constantine

to c. 4.5g and his ‘solidus’ remained the dominant standard for the rest of

this period. Furthermore, the state appears to have consistently managed

the gold circulation pool in the fourth and fifth centuries: gold coins

struck to older standards are noticeably absent in hoards after the early

years of Constantine’s reign; the production of gold multiples is seriously
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curtailed under Constantine and his successors, and by the mid-fourth century

appeared to have been withdrawn from circulation; and across the period

worn solidi were clearly being regularly withdrawn, resulting in a very small

range of weights in circulation. As such, the gold coinage available to

hoarders in this period was remarkably homogeneous, and with the exception

of the new weight standard introduced under Constantine, was metrologically

unchanging. However, there were two notable instances of variability and

change, respectively, in this period. The first was the slight, yet appreciable,

debasement of the solidus under Constantius II. These coins had a lower

metallic value than earlier solidi, but were almost certainly being passed off
as being of equal value. The second was the tax reforms of AD 366/7, which

demanded that tax collectors deliver a mass of pure gold to the state rather

than a weight of solidi. The state was now no longer accepting its own solidi

back as tax payment on the same terms as it issued them: solidi were paid

out based on their total weight by the state, but were now only accepted back

as their metallic value in gold. Solidi issued in the latter half of the fourth

century were not always full purity – a drop of a few percentage points is quite

common – and so this arrangement left the state at a consistent advantage.

The tax reforms were one of a number of mechanisms by which the state

attempted to collect more of its revenue in gold in this period. Indeed,

this is quite logical. The events of the third century left the gold coinage

as the only component of the monetary system that was inoculated against

inflation; the purchasing power of the base metal and heavily debased silver

coinages were instead hamstrung by it. As such, it makes sense for the state

to protect existing, and develop new, gold revenue streams in this economic

environment. Since it was collecting more of its revenue in gold, it is quite

natural to see more state expenditure conducted in this medium as well.

However, it should be acknowledged that the state was heavily pressured by

its agents to pay out their salaries in gold.46 Just like the state, they recognised

the benefits of receiving payment in an inflation proof currency.

Banaji (2001, 51) dubs this process as the ‘bargaining for gold’, and

saliently identifies the tension between the state, the militares and the

traditional landowning class that this caused. Banaji identifies a socio-

economic change in the fourth century, looks back into the early fourth-

century economy and argues that the major change here – the large scale

production of the solidus – was the causative factor. In this chapter it is

instead argued that the social tensions identified by Banaji and the various

46See page 153.
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developments surrounding gold in this period, are both the consequences of

the wider economic processes and pressures that began in the third century

and continued across this period. Where this chapter profoundly disagrees

with Banaji is in his characterisation of the fourth century economy and

the nature of the gold coinage. His marshalling of the evidence has been

particularly influential on the study of the late antique economy (Sarris, 2005,

208; Whitby, 2003, 443) and his treatment of gold in particular is one of

the dominant modern characterisations (Lo Cascio, 2008, 168). The primary

evidence collected here, however, contradicts Banaji’s characterisation of gold

in the fourth- and fifth-century economy. The treatment, contextualisation

and interpretation of the hoard evidence, for example, differ substantially.

Given its influence, it is necessary to deal with these contradictions explicitly

and identify where our understanding of the nature of gold in the late

Roman economy can be improved. This chapter takes explicit issue with the

methodology used to create the model by which a flood of gold in the fourth

century becomes the causative factor in the socio-economic changes in this

period. The argument presented here is that there is not a single revolutionary

event or seismic decision that causes gold to become central to the economic

relationships in this period; rather it is an organic evolution that begins in

the mid-third century and continues into the fifth. Ultimately, this chapter

seeks to improve our understanding of the role of gold in the late Roman

economy, which then provides a much richer context for the social tensions

and organisational changes that Banaji identifies.

5.1 Changes to the Weight Standard of the Gold

Coinage in the Fourth Century

In AD 312 Constantine crossed into Northern Italy to make a pre-emptive

strike against Maxentius. By October of that year, Constantine had defeated

Maxentius and entered Rome, effectively becoming the de facto power in the

western half of the Roman Empire. As his sphere of influence expanded, so

did his monetary system. His c. 4.5g gold coin is often called the ‘solidus’ and

Constantine’s institution of this denomination in the west, and the associated

reduction of Diocletian’s gold standard, is referred to as his ‘solidus reform’.

While this shorthand is useful for ease of communication, it is not wholly

informative. Constantine began minting c. 4.5g gold coins in AD 309, when

he controlled only Britain and Gaul – this standard was not adopted by his

colleagues (Hendy, 2008, 466). As such, it can be argued, that the 4.5g solidus
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was instituted a number of years before Constantine gained supremacy over

Maxentius in AD 312. Furthermore, the term ‘solidus’ was used to refer to

gold coins during the reign of Diocletian (Burnett, 1987, 127), presumably

highlighting that they were ‘solid gold’. Equally, an inscription from Feltre

(Dessau, 1914/16, #9420) uses the term ‘aurei’ to generically refer to gold

coinage some 11 years after the ‘soldius’ was introduced to Italy in AD 312

(Hendy, 2008, 466). The distinction between ‘solidus’ and ‘aureus’, then, is a

modern one; and the c. 4.5g gold coin we know as the ‘solidus’ was issued by

Constantine a number of years before the commonly cited AD 312 date for

its introduction into the west. The AD 312 date for the ‘solidus’ is, however,

the point in time where this c. 4.5g coin began to be regularly produced

and started to become the dominant gold denomination in the western half

of the Roman Empire. After Constantine’s victory over Licinius in AD 324,

and the emergence of Constantine as sole emperor, the c. 4.5g solidus became

the primary gold coin of the Roman Empire.

Constantine’s solidus reduced the ‘gold standard’ by approximately 0.8g

from the approximate 5.3g ‘standard’ seen under Diocletian (Burnett, 1987,

127). Evidence of this weight reduction can be seen in the Beaurains

hoard. Closing in AD 315, the hoard contained third-century aurei struck to

Diocletian’s standard alongside c. 4.5g gold coins struck by Constantine, both

before and after his victory over Maxentius (Figure 29). The Beaurains hoard

is further interesting because it, at least within this data set, is the last time

we see significant quantities of high-weight, Tetrarchic aurei stored alongside

Constantine’s solidi. It appears that in the early years of his reign Constantine

had engaged in the deliberate withdrawal of earlier gold coinages that were

not struck to his new standard, effectively all but eliminating them from the

fourth-century coinage pool. For example, The Ljubljana IV hoard, closing in

AD 337, has one aureus of Diocletian; and the El Ashmûnein hoard, closing

in AD 364, has two uncertain gold coins with an earliest strike date of AD

296 – this hoard may then contain a third-century coin struck to Diocletian’s

standard. The Ljubljana IV hoard also contains one solidus from AD 337 struck

to the c. 5.3g weight standard; and so does the Corbridge II hoard, closing

in AD 383, which has a 5.39g coin from AD 367. Of the 2696 gold coin

weights collected from hoards that closed after Beaurains, there is only one

firm example of an aureus struck under Diocletian and only two firm examples

of aurei struck to a c. 5.3g weight standard.

Moreover, where emperors in the middle imperial period generally allowed

older, worn coins to circulate alongside newer ones, and third-century

emperors allowed noticeable variations in the strike weight of the aureus;
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Figure 29: Coins in the Beaurains Hoard
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neither of these phenomena seem to have been tolerated in the fourth century

(Moorhead, 2012, 601). The weights of 2702 gold coins struck between AD 312

and AD 450 were collected. Of these 2645 (98%) weighed within 0.2g of the

4.5g target weight, and that is not accounting for wear, or for denominations

that were deliberately struck as multiples or fractions of the solidus, such as the

semissis (c. 2.25g). The state also appears to be regularly withdrawing older

gold coins out of circulation as well. Thirty-two hoards containing gold coins

that closed between AD 312 and AD 450 were collected. The mean date range

of the gold coins in these hoards was 33.4 years, and the median range was 27

years. Compare this to the 20 hoards containing gold coins from the second

century AD - the gold coins in which have a mean range of 81.4 years, and a

median of 91 years - and the effect of this regular withdrawal in the fourth

century becomes clear.

Finally, it would appear that fourth- and early fifth-century emperors no

longer struck high-weight multiples to the same degree as in the third century.

Of the 2702 gold coins struck between AD 312 and AD 450 collected, only

one coin could really be clearly considered a multiple or medallion. This is

a 6.75g gold coin, presumably intended to be 1.5 solidi, struck in AD 315

from the Usce II hoard, which closed in AD 315. While it does not appear

Constantine particularly added to the multiples or medallions in circulation
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(Abdy, 2012, 592), there does not seem to be an associated withdrawal of these

types of coins already in circulation during his reign. Within the hoard level

data collected in Appendix 1, 50% of the hoards closing between AD 318 and

AD 337 contained some kind of gold multiple or medallion. Across the late

third and early fourth century, multiples and medallions are present in an

increasing proportion of gold hoards, with the peak under Constantine. After

his reign, however, there was a sharp drop off – for the next 120 years only

approximately 10% of the 153 hoards surveyed contained a multiple. This

suggests that Constantine’s successors changed their attitude to these coins,

presumably withdrawing them at a much greater rate than they issued them,

which had a noticeable effect on the kind of gold that was in circulation.

In all, the kind of weights within the gold circulation pool was affected

by three mechanisms in this period. The first was Constantine’s introduction

of the c. 4.5g solidus, first in the west in AD 312 and then across the

Empire as a whole after AD 324. This coin remained at a stable weight

across this period and nearly all gold hoards collected between AD 337 and

AD 457 contained solidi. The second was the regular withdrawal of older

gold coinages in circulation, most probably beginning under Constantine,

but certainly continuing under his successors. This meant Tetrarchic, high-

weight aurei were withdrawn from circulation and existing solidi were not

given the opportunity to become significantly lighter through wear. The final

mechanism was the withdrawal of solidi multiples or medallions from the gold

circulation pool at a noticeably faster rate than they were issued. Production

may have slowed down under Constantine, but it would appear that the

availability of multiples to hoarders dropped significantly – and stayed low

– from AD 338 onwards. As such, it seems that the withdrawal of aurei and

solidi multiples accelerated during the reigns of Constans and Constantius II.

In these ways, then, the weights of the gold coins available to individuals in

this period changed.

5.1.1 Reaction to Weight Changes

Constantine’s reduction of the aureus/solidus standard appears not to have

affected any noticeable reduction in trust from hoarders in the Empire. If the

Beaurains hoard is representative, then the new weight solidus seems to have

been immediately used as a store of wealth by individuals. More importantly,

we do not see a reversal of the trend seen in the late third century of hoarders

increasingly using gold coins and decreasingly storing precious metal objects.

In the mid-third century 36% of gold hoards contained gold coins, by the end
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of the century it was 81% and during the reign of Constantine this continued to

rise to approximately 90% (Figure 30). Equally, in the mid-third century 75%

of gold hoards contained some kind of precious metal object, by the end of the

third century it was 52% and during Constantine’s reign this remained stable

at approximately 50% (Figure 31). The use of aureus and solidus multiples

in this early period are particularly interesting considering this. While the

proportion of gold hoards containing precious metal objects declined, the

proportion containing multiples increased from 24% between AD 275 and AD

296; to 36% in the AD 294 to AD 317 period; to 50% of hoards surveyed that

closed between AD 318 and AD 337 (Figure 32). Bullionist tendencies, then,

had clearly not disappeared. However, the shift from using private bullion-

like objects to using what were essentially state issued, high value, bullion-like

objects shows that, while the desire for these kinds of stores of value remained,

individuals increasingly trusted the state to meet this desire.

The greatest shift in hoarding behaviour in this period came in the years

after Constantine’s death. There is a sharp drop in the proportion of gold

hoards storing solidi multiples or medallions – reducing from 50% between

AD 318 and AD 337, to 13% of hoards surveyed between AD 338 and AD 363.

This figure remains similarly low in the remainder of the period surveyed:

138 more hoards that closed between AD 364 and AD 457 were surveyed

and only 6 of these, approximately 4%, contained some kind of multiple or

medallion (Figure 32). Given the lack of solidi multiples produced in the

fourth century, and the lack of earlier aurei multiples, in the weight data

collected, the logical conclusion is that the state was withdrawing these types

of pieces at a significantly faster rate than they were issuing them. This alone,

however, does not account for the reduction in the desire to store these kinds of

high value, bullion-like objects. If the state no longer met this need with solidi

multiples then it may have been met with private precious metal objects – as

such, if this desire remained, we would expect to see the proportion of precious

metal objects in gold hoards increase. Instead, it decreases just as significantly.

In the AD 318 to AD 337 period 50% of gold hoards contained precious metal

objects, in the AD 338 to AD 363 period this drops sharply to 20% and remains

broadly stable until the early fifth century (Figure 31). The proportion of gold

hoarders using aurei and/or solidi sits between 90-100% from the early fourth

century until the end of the period (Figure 30), and the weight of the solidus

remains essentially unchanged from the reign of Constantine onwards; this

suggests that there was not a fundamental change in the way gold operated

in the economy at this time, it still circulated by weight. Instead, it would

appear that hoarders were reacting to measures that drastically reduced the
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Figure 30: % of Gold Hoards Containing Gold Coins From AD 193 to AD 457
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Figure 31: % of Gold Hoards Containing Precious Metal Objects From AD 193

to AD 457
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Figure 32: % of Gold Hoards Containing Multiples From AD 193 to AD 457
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supply of private bullion-like objects - but not gold coins - and/or significantly

disincentivised the use of private bullion-like objects as a store of wealth.

What exactly these measures were is not immediately clear, but what this does

show is that there was a degree of dynamism within the relationship between

individuals and the gold in circulation across this period.

5.2 A New Model for the Development of the

Fourth-Century Monetary System

Banaji (2001, 45) states that “the most important change in the monetary

system of the late empire was of course the introduction of a stable gold

coinage and its progressive diffusion as a mass currency.” For Banaji, it was

Constantine who introduced this ‘stable gold coinage,’ and this introduction

was the causative factor in the economic and social changes over the next

century. It is fair to say that Banaji is influenced by the work of Mazzarino

(Banaji, 2001, 39; Mazzarino, 1951, 1976), who argues that Constantine’s

monetary system favoured those who had access to gold and represented

a drastic divergence from that of Diocletian, describing it as a ‘rivoluzione
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monetaria constantiniana’ (Mazzarino, 1976, vol. 3, 674).47 Banaji’s argument

is, then, at its core one of a Constantinian monetary revolution: his revolution

may be slow one, and while he acknowledges developments outside of

Constantine’s reign, the primacy remains with Constantine’s mass production

of the solidus. Banaji’s argument is much more nuanced than Mazzarino’s,

but ultimately, they both propose iterations of a Constantinian monetary

revolution, and it is this concept – present explicitly and implicitly in

scholarship of this period – that should be challenged.

First, we can take issue with the idea of there being a uniquely late

imperial gold coinage introduced under Constantine, and that this remained

unchanging from thereon. Constantine’s solidus and the solidi of his successors

up until the reforms of AD 366/367 functioned in the same way as aurei from

the late third century and the Tetrarchic period. It would appear that in the

last quarter of the third century, the gold coinage functioned as a commodity,

circulated by weight and had a floating price on the market that was not fixed

to the silver and base metal coinages. Constantine’s solidus was a continuation

of this. A Constantinian decree preserved in the Theodosian Code (C. Th.,

XII.7.1) states how many solidi of a certain weight were required to fulfil an

obligation of an ounce of gold, and stipulates that the same ratio must be

observed if a person was paying in gold bullion. It then goes on to describe

exactly how a tax receiver should weigh the gold he received. While there is a

reference to the solidi being made of refined gold, the main preoccupation was

with weighing rather than assaying the gold received. This suggests that the

purity of the solidi received was taken on trust, that the gold coinage circulated

by weight and that there was no real distinction between gold bullion or gold

coins at this time.

Under Constantine’s successors the gold coinage continued to circulate

by weight and continued to be treated as a commodity. A papyrus from

Oxyrhynchus in Egypt (P. Oxy., 3773) dating to approximately AD 340

expresses prices for the solidus in both talents of silver and denarii, showing

that they were still treated as a commodity. Furthermore, a decree given

to the Praetorian Prefect Leontius, probably by the Emperor Constantius II

47 This concept is still present in the scholarship of this period: Bagnall and Bransbourg

(2019) entitle their paper ‘The Constantinian Monetary Revolution’; Naismith’s (2014, 274-

5) description of gold in late-Roman society is heavily influenced by Banaji and uncritically

reproduces Banaji’s favoured lines of the de rebus bellicis to support this drastic change under

Constantine; and finally, in a more general sense, the periodisation of academic works (and

even programmes of study) reinforces the primacy of the events in the late third and early

fourth century. Banaji bears the brunt of the criticism in this chapter, but the critique itself

has wider relevance.
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in AD 343, states that solidi which have the same weight should have the

same value (C. Th., IX.22.1). It goes on to ascribe capital punishment for

those that clipped solidi or swapped debased, counterfeit gold coins for real

solidi. Again, it is clear that solidi were still circulating by weight and there

is the implication that the purity of the solidus was simply taken on trust –

debased solidi are associated with counterfeits here. This is somewhat amusing

given that Constantius II slowly debased the solidus down to approximately

95% pure (Callu et al., 1985, 85). Finally, in AD 363 the Emperor Julian

established an official called the zygostates who would settle any disputes

between buyers and sellers of solidi (C. Th., XII.7.2). The example given is

that buyers would be reluctant to purchase solidi that were clipped, ‘gnawed’

or somehow diminished in size, and the zygostates would be able to arbitrate

the transaction. The official literally translates as ‘weigher’ (Pharr et al., 2001,

378), suggesting that he would have provided an independent weight – and

therefore price – of the solidi, and perhaps even made a distinction between

naturally worn and illegally clipped given the context in the decree. At a more

general level, this provides further evidence that solidi were still functioning

as a commodity and circulating by weight. Moreover, it shows that purity was

still not a major concern when determining the value of the solidus: the reasons

given for the rejection of solidi all concern weight (and, of course, genuineness)

and the official tasked with arbitrating the purchase of solidi also seems to be

primarily investigating the weight of the coins.

A notable change to how the solidus was valued by the state occurs at

around AD 366/7. At this point the state demands that gold collected for

taxation must be melted down and made pure,48 with the tax collectors

responsible for making up any shortfall in the total mass of pure gold. The

state here is effectively repudiating the solidus, since it no longer accepted its

48 Howgego (1994, 19-20) points out that these tax reforms do not seem to have had a major

impact on circulation patterns – one would expect if the tax take was now being routinely

melted down then this would have had a subsequent effect on the coins that survived in

circulation to be hoarded. An explanation for this apparent paradox can perhaps be seen in

the weight data. It would appear that the gold coinage pool was well regulated in this period,

and so this particular reform may not have drastically increased the rate by which solidi were

taken out of circulation and melted down as much as one may have predicted. Equally, we

can detect a small shift before and after the tax reforms in the mean date range of the solidi
in the hoards collected as part of the metrological data. The solidi in the five hoards that close

between Constantine’s sole rule and these tax reforms have a mean range of 35 years; whereas

the solidi in the thirteen hoards that close between AD 368 and AD 400 have a mean range

of 23 years. So we can detect some shift in the profile of the solidi that were available to be

hoarded in the immediate years after the tax reforms.
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own gold coins back as tax payments and instead wants them melted down

into solid gold. While its agents accepted the coins, the state would not accept

the coins from its agents. Purity is no longer a factor that was simply taken on

trust and the state became entirely interested in the actual metallic value of the

gold it received as taxes. For example, a decree from AD 366 (C. Th., XII.6.12)

states that when solidi were collected on any account they must be reduced

to a solid mass of pure gold and that all tax payments should essentially

be made in this way to avoid any kind of fraud or embezzlement taking

place. Importantly, the decree strongly suggests that tax collectors should be

demanding high purity solidi in the first place. A similar decree from AD 367

(C. Th., XII.6.13) also states that actual solidi should not be delivered as tax

payment and that the required weight of pure gold delivered instead. Again,

the rationale behind this is that it defended against the various bureaucrats

in the tax system from enriching themselves by swapping their own impure

or low-weight solidi for better quality coins in the tax takings. The focus on

purity was further reinforced by a clause that allowed the taxpayer to fulfil his

obligations in solidi with material from any source, providing that it was pure

gold. Another decree from AD 367 (C. Th., XII.7.3), issued by Valentinian and

Valens to Dracontius the Vicar of Africa (Pharr et al., 2001, 378), again made

clear that tax payments will not be accepted in the coins and bullion collected,

and will only be accepted as a mass of pure gold. Interestingly, it stipulates

that the assaying of the gold should be conducted under the eyes, and at the

risk, of officials whose social status makes them eligible to be tortured: “sed sub

condicionalium oculis ac periculis diu multumque flammae edacis examine in ea

obryza detinetur, quemadmodum pura videatur.” The implicit threat here clearly

served to ensure that the official responsible did not allow the tax collector to

under deliver his quota of pure gold.

The importance of the purity of gold when the state was determining its

value seemed to continue throughout the remainder of this period. A decree

from AD 379 (C. Th., XII.13.4), issued on behalf of Gratian, Valentinian and

Theodosius, talks about exactions in pure gold (Pharr et al., 2001, 382) and

another from AD 395 (C. Th., VII.24.1), issued by Arcadius and Honorius,

states that there are 72 solidi of pure gold to a pound.49 How the state valued

the solidus after the reforms of AD 366/7 is, then, notably different to what

came before. Previously, it appears that the solidus had an assumed purity that

was taken on trust, with the main concern of the state and individuals being

the weight of the coins. From AD 366/7 onwards purity became a very active

49 “una libra auri solidi septuaginta duo obryziaci. . . ”
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part in determining the value of the solidus. The state no longer wanted its

own gold coins back as taxation - it just wanted the gold metal from them -

but it was clearly quite happy to continue issuing those coins out as payment.

If we had to pinpoint a time when a uniquely late imperial gold coinage was

introduced, then the reforms of AD 366/7 would be the most appropriate time

to choose.

Given the fundamental changes identified above, it is worth further

challenging the notion that the gold coinage and its place within the monetary

system remained unchanging across this period. To begin with, Constantine’s

introduction of the 4.5g solidus was something that, by its very nature, made

a change to the monetary system. The Tetrarchic c. 5.3g aureus had been

in circulation since AD 286 and was the empire wide standard in the early

fourth century. Constantine’s 4.5g solidus had to circulate alongside existing

higher-weight aurei and new issues being produced in the east, at least until he

became sole emperor. Constantine’s contribution to monetary stability instead

came in his careful management of the weight of solidi that were in circulation

– variation in strike weight seems to be reduced, and there appeared to be a

regular withdrawal of older gold coins from the circulation pool. This practice

was continued under Constantine’s successors, who kept his 4.5g standard as

well.

His successors, however, introduced instability in their own ways. Under

Constantius II, for example, the purity of the solidus was debased steadily

across his reign, dropping to approximately 95% during his sole emperorship.

While the first one or two percentage points may have gone unnoticed,

a regular 5% debasement would have certainly been detected eventually.

This debasement – presumably unadvertised - undermines the trust of the

individual in the gold coinage. A new weight denomination in the fourth

century, while inconvenient, probably had very little effect on trust: the

individual knew a variation in weight caused a variation in value and that this

happened in an expected, measurable way (i.e. gold has a price per pound). A

debasement, however, undermined the idea that state issued gold coins had a

guaranteed and consistent purity that could simply be taken on trust during

transactions. Of course, the state can mitigate the effects of this by never

acknowledging a formal debasement and by continuing to accept the coins

as if they were full purity for tax purposes.

What is interesting is that during the period in which a degree of

uncertainty was injected into the trustworthiness of state issued gold, the use

of private precious metal objects seemed to decrease sharply. Between AD 318

and AD 337, 90% of the gold hoards surveyed contained some kind of precious
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metal object or multiple; between AD 338 and AD 363 this was reduced

to 33%, and it stays approximately at this level until the early fifth century

(Figure 33). This move away from potentially impure precious metal objects

Figure 33: % of Gold Hoards Containing Precious Metal Objects and/or

Multiples From AD 193 to AD 457
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would make sense if it had occurred around the time of the AD 366/7 tax

reforms, but it predates it by approximately 20 years. Perhaps the exploitation

of the new fourth-century, platinum-rich gold source had some kind of effect.

This is improbable for two reasons. First, platinum inclusions in the gold

coinage appear in the early 350s (Callu et al., 1985, Fig. 15), yet there is no

major difference in hoarding behaviour before and after this date within the

AD 338-363 period: 3/8 hoards had precious metal objects or multiples before

AD 353, 2/9 did so after this date. Second, the platinum peaks in the early 350s

are minor, with the largest peaks occurring in the 360s and 370s (Morrisson,

1982, 206-7). If the exploitation of this new gold source was having an effect

on hoarding behaviour we would expect it to have a much greater influence

in this later period; the use of precious metal objects in gold hoards, however,

remained similarly low from the reign of Constantius II until the early fifth

century. It is possible that the state may have introduced some kind of

legislation that disincentivised holding on to bullion-like objects. However,

the clause in C. Th., XII.6.13, which allowed for payment in pure gold from
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any source, suggests that the state still expected, and allowed for, payments in

bullion-like objects. A final potential explanation is that something happened

that radically reduced the supply of bullion-like objects to private individuals.

There is some evidence this may well have happened.

In the chapter on Major Gold Sources, it is argued that the significant drop

in sulphur combined with the elevated level of a variety of trace elements

implies that existing gold coins or objects, made from a variety of geological

sources, were recycled to strike gold coinage between AD 325 and AD 367.

These existing gold objects, then, may have been requisitioned or compulsorily

purchased from individuals by the state specifically for this purpose. We know

that these types of compulsory purchases existed in the fourth century. P. Oxy.

2106, dating to approximately AD 306, refers to the compulsory purchase

of gold, and so too does P. Panop. Beatty. 2, dating to approximately AD

300. Furthermore, Bowman (1980, 27) identifies Aurelius Isidorus of Karanis

selling his crop of beans in AD 308 in order to buy gold and silver bullion that

was to be compulsorily purchased by the state (P. Cair. Isid., 89). Perhaps there

was an expansion of this practice in the middle of the fourth century, which

reduced the availability of bullion-like objects to gold hoarders.

The tax reforms of AD 366/7, as previously stated, changed the

fundamentals of how the gold coinage was valued by the state. Purity was now

an active and dynamic factor in determining the exchange value of the solidus,

and this change came at a time when slightly debased issues from the 340s,

350s and early 360s were circulating alongside full purity solidi. With this

reform the gold coinage in circulation, the taxpayer, the tax collector and the

various bureaucrats within the tax system were all now viewed with absolute

suspicion by the state. The state certainly recognised that this focus on purity

would cause issues with trust: after this reform solidi were regularly marked

with the letters ‘OB’, obryza, which was a clear advertisement to the holder that

they were pure gold (Hendy, 2008, 390; Moorhead, 2012, 602). With this mark,

then, the state had acknowledged that the way the gold coinage was valued had

permanently changed. For individuals, they now had to navigate potential

variation in both weight and purity, with the latter factor being difficult to

quickly independently verify. This reform, then, clearly added elements of

distrust and instability into the gold monetary system. However, this was not

insurmountable. The solidus is minted at 98-100% pure at least until the mid-

fifth century (Callu et al., 1985, Fig. 12), which would have certainly aided

trust in the coin, and there was no reduction in the use of gold coins as a store

of wealth amongst gold hoarders either.

What all this has shown is that the fourth- and fifth-century gold monetary
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system was not a Constantinian invention that remained unchanged across

this period as his successors continued to implement and grow his system.

The solidus of Constantine and his immediate successors was functionally

identical to the aureus of the late third century, with this only changing with

the tax reform of AD 366/7. Even then, the core identity of the solidus as

a circulating ingot remained basically unchanged from the last quarter of the

third century onwards. In that sense there is no introduction of a revolutionary

‘new’ kind of gold coinage under Constantine. In terms of a broader system,

Constantine certainly takes a tighter grip on the variation of solidi weights in

the circulation pool, through more tightly controlling the variation in strike

weight and withdrawing old coin from circulation. This is certainly continued

throughout this AD 312 to AD 450 period. While convenient for the consumer

of gold coinage, this slight reduction in the variation of solidi weights did not

particularly affect the gold monetary system at any fundamental level, and

so it is difficult to see this as evidence for a homogenous and unique system

deliberately implemented by Constantine and his successors. Moreover, there

are a number of cases in this period where emperors were clearly pursuing

their own agendas. There is the sharp reduction in the use of bullion-like

objects that occurs in the AD 338-363 period, presumably as a result of some

kind of state action; the introduction of unrefined gold into the state’s minting

stocks from AD 346 to AD 368; the debasement of the solidus that occurred

from the 340s until the early 360s; and the tax reforms of AD 366/7 that made

purity a much more dynamic factor in the valuation of solidi. It is difficult,

then, to find evidence for a designed, Constantinian monetary system that was

deliberately implemented across this period. Instead, the monetary system

seems to have been continuously evolving across the third century and into

the fourth, which then spawned changes to the fiscal system both in terms

of state revenue and expenditure. The result is that it appears the state was

reactive throughout the third and fourth century, rather than implementing

some kind of defined Constantinian monetary ideology.

The gold coinage begins this period as a circulating ingot and ends as

one; there is not a great deal of opportunity for reform, let alone revolution,

without returning to the tariffed face value system seen in previous centuries.

Furthermore, the various changes to the fabric of the gold coinage, its place in

the fiscal system and how the gold circulation pool was moderated do not seem

to have been the driving forces for the re-adoption of gold coinage by hoarders.

Looking at Figure 30 we can see that the proportion of gold hoards that

contained gold coins began to plateau from AD 297 onwards. Constantine’s

solidus, the solidi of his successors and the tax reform of AD 366/7 had no real
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impact on this, and much of the work to re-introduce a gold coinage occurred

in the latter half of the third century. Effectively, the emperors of the fourth

and fifth century were extending and building upon the trust between the

individual and the state issued gold, which was developed over the course of

the latter half of the third century. The changes in the fourth- and fifth-century

gold monetary system, and the changes to the relationships within it, only

need to be seen as revolutionary if one wishes to argue that these changes were

a causative factor in the reorganisation of the wider economy and taxation

system in this period.

This is really what Banaji (2001) argues for. The crux of his model

is that in the fourth and early fifth centuries the state injected too much

gold into the circulation pool, flooding the empire, which characterised the

economic revolution in this period (Banaji, 2001, 48-9). Banaji (2001, 51)

does acknowledge that there were earlier pressures on the state, which may

have encouraged it to strike more gold coins. These are, however, quite

simplistic factors regarding pressure on the supply of gold, which do not really

challenge the notion that increased state minting was the primary factor in an

economic revolution. For example, the pay increases to the militares in the final

years of Constantius II’s reign and under Valentinian I (C. Th., 6.11.1; 6.5.2)

required the state to produce more gold coinage to meet its own obligations

– the primacy remains with state minting and expenditure. Even with these

pressures it is clear Banaji believes that the state spearheaded a revolutionary

change in the monetary system at this time; indeed he says as much (Banaji,

2001, 81). For him, the state produced a huge volume of gold coinage, flooding

the empire, which then permeated every strata of the economy (Banaji, 2001,

60), changing the relationships within it, and causing the societal changes that

he saliently identifies later in the work.

The basis for this volume increase lies in something Banaji (2001, 50) calls

the ‘total hoard statistic’, which shows ‘an over 22% increase between periods 2

and 5’. What this actually means, and the data for the claim, is not provided in

the work. Instead, one has to refer to his unpublished doctoral thesis (Banaji,

1992, Fig. 2, Table 3) in the Bodleian archives to deduce the importance of this

claim. What Banaji did was count up the number of solidi in hoards, grouped

them into periods based on the reigns of emperors and then calculated a ‘solidi

in hoards per year’ figure for each of these periods. While Banaji provides the

reigns his periods cover, so periods 2 to 5 run from Constantine to Valentinian

III, the actual date ranges are not given. This makes it difficult to reproduce

Banaji’s calculations. An attempt at reconstructing the date ranges used and

reproducing the solidi per year figures is presented below in Figure 34 – while
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not identical, the reconstructed figures below are broadly congruent.

Figure 34: A Reconstruction of Banaji’s ‘Total Hoard Statistic’ With Additional

Data From the Second Century
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Banaji’s 22% increase between Constantine and Valentinian III is, then, a

change from approximately 42 solidi per year to approximately 52 solidi per

year, over a time span of around 150 years. Whether one wishes to see this

as a revolutionary figure is quite subjective. A 22% increase over 150 years,

however, is quite underwhelming for the scale change Banaji is suggesting.

Furthermore, most of this increase is loaded towards the early fifth century.

From the Tetrarchy to the end of the fourth century, there is an increase from

approximately 40 to 44 solidi per year; in the early fifth century this jumps to

around 50 per year and then up again in the latter half of the century to 61.

In the sixth century the figures come crashing down again. If Banaji wishes

to argue that an increase in these figures correlates with, and causes, various

economic changes, then should we also assume these are all reversed in the

sixth century and then happen again in the seventh? Moreover, the spike

in production in the fifth century is happening far too late in time to be the

causative factor in the economic changes that are occurring over the course of

the fourth century. Even if this spike had occurred earlier on in time there is no

evidence that a ‘22% increase’ is sufficient to cause an empire wide economic

revolution. This can be tested using the weight data collected from second-
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century hoards. The weights of 4140 aurei were collected from hoards closing

between AD 100 and AD 200 - these weighed a total of 29169.42g. This is

the equivalent of 6482 solidi weighing 4.5g each, which gives a figure of 64.82

solidi per year for the AD 100 to AD 200 period. This is far in excess of any

of Banaji’s fourth-, fifth- or sixth-century figures, which can be seen in Figure

34. It should be remembered that the second century figure was calculated just

with the weight data, there are many more aurei in hoards from this period that

were not documented in this work simply because the associated metrological

information was not present. As such, the second century figure should be

seen as an absolute minimum estimate; even then it is still greater than Banaji’s

figures that are apparently indicative of a flood of gold. Given this, are we to

believe that the economy of the second century was also flooded with gold and

that a gold based economic revolution occurred during this period as well?

Banaji’s methodology for constructing his model of the late imperial economy

can, then, be seriously challenged. This is all without questioning whether

the number of solidi in hoards is even a fair reflection of productivity at all.

As such, the idea that a huge volume of gold flooded the economy, directly

causing an economic revolution, should certainly be questioned.

This does not mean that there was not a relative increase in the production

of solidi in this period. It is, for example, probably safe to agree with

Banaji’s general view that the late imperial period was one of monetisation

and monetary expansion, as opposed to demonetisation and a shift towards

payment in kind. Kent (1956, 191), for example, sees the late third and early

fourth centuries as a time when a regular and abundant gold coinage was re-

established; Callu (1969, 428) makes a broadly similar point; Bowman (1980)

finds no real papyrological evidence for a shift towards taxation in kind; and

Moorhead (2012, 601) refers to the continued dominance of the gold coinage in

the fourth and fifth centuries. A regularly and increasingly produced solidus in

this period is not particularly controversial. However, Banaji’s interpretative

framework exaggerates the relative effect this increase in production would

have had. Indeed, Banaji (2001, 50) admits that his approach is probably

methodologically unsustainable, given the number of simplistic assumptions

it requires. One of these is that the rate of withdrawal and re-melting

remains constant. This assumes that the withdrawal of solidi was for an

arbitrary reason, and that a set proportion of coins were always taken out of

circulation. It is most probable that the state undertook withdrawals to ensure

that the weights of solidi in circulation remained broadly homogeneous. As

such, unless the state somehow managed to perfectly balance the velocity of

circulation of solidi with their minting practices, then the rate of withdrawal is
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bound to change as more solidi were minted and entered the circulation pool.

Banaji uses hoard evidence quite extensively, yet his characterisation of it

is certainly questionable. He takes issue with Depeyrot (1988, 216) arguing

that hoards generally contained few pieces that were 30 years or older, and

with Kent (1956, 197) characterising state withdrawal in this period as rapid.

Banaji (2001, 81-2) argues that the existence of hoards with ‘extended age

structures’, effectively containing coins that are 30 years or older, is enough to

challenge the whole concept of rapid withdrawal in this period. First, Banaji

presents opposing arguments as universalisms rather than generalisations. No

one is seriously arguing that there were not any older solidi in hoards; as such

simply pointing out that some hoards do have older solidi in is not enough to

invalidate the idea of relatively rapid state withdrawal in this period. Second,

Banaji’s argument does not fully contextualise the date ranges of later imperial

hoards. The solidi in his 17 fourth century hoards have a mean range of 17

years; his 10 fifth century hoards have a mean range of 57 years; his sixth

century mean is based on three hoards and should be excluded; and his 13

seventh century hoards have a mean range of 42 years (Banaji, 2001, Appendix

1, Table 5). He argues that fifth century hoards have such large ranges that

any rapid withdrawal could not have extended into this century. However,

the difference between the fifth and fourth centuries may not actually be as

exaggerated as this. The weight data collected here contained 22 hoards that

closed in the fourth century - these had a mean range of 32 years - and 12

hoards closing between AD 400 and AD 450 - which had a mean range of 33

years. Within these hoards at least, there is no major difference between the

fourth and early fifth centuries. Even if we assume Banaji’s figures are broadly

representative, the comparison between the late Roman imperial period and

the Byzantine period is not appropriate given the argument he is addressing.

The rate of withdrawal in the late empire is notably greater than the rate of

withdrawal in the preceding middle imperial period; this can be quite clearly

seen in Figure 35 below.
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Figure 35: The Date Ranges of the Coins in the Gold Hoards Collected As Part of the Weight Data, With Silver Coins Included If It

Affects the Range of the Hoard, From 50 BC to AD 480
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Relative to the first-, second- and third-centuries AD the rate of withdrawal

in the fourth and early fifth centuries is clearly greater. For example, the mean

date range of the gold coins in the second-century hoards collected is 81 years,

which is significantly greater than any of Banaji’s date ranges.

Finally, Banaji (2001, 82) then dismisses the validity of hoard evidence out

of hand, claiming that all hoarders discriminated against worn issues and the

contents of hoards, therefore, are not representative of the circulation pool.

As shown in the previous chapters, preferential selection of gold by weight

was confined to hoarders storing fewer than 40 gold coins, and even this

behaviour seems to come to an end in the mid-third century when the aureus

circulates by weight. In the fourth and fifth centuries the weights of the coins

selected by small and large depositors were virtually identical (Figure 36). So

Figure 36: The Weights of Gold Coins Weighing <8g From Small and Large

Deposits Closing Between AD 313 and AD 450

2

3

4

5

6

7

8

250 270 290 310 330 350 370 390 410 430 450

W
ei

gh
t o

f G
ol

d 
Co

in
 (g

) 

Earliest Issue Date of Coin 

Beaurains

Large Deposits

Small Deposits

hoarders were either drawing indiscriminately from a well regulated coinage

pool, or every single hoarder was taking the unprecedented step of weighing

and preferentially selecting nearly every single solidus they stored. Not only is

this hugely impractical for someone like the Szikáncs hoarder, who stored over

1400 solidi, but it makes no economic sense at all. Gold circulated by weight

in this period, so there was absolutely no advantage to spending or storing any

weight of gold coin over another – the value of the coin is its bullion value
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and so purity became the variable to be concerned about. As such, the idea

that there were significant volumes of older, worn solidi in the circulation pool

that were rejected by hoarders and not recycled by the state simply makes no

sense. It is much more logical to view all the evidence as pointing towards a

well regulated gold coinage and gold coinage pool.

Despite these admissions and issues, this methodology forms the core of

Banaji’s reconstruction of the late imperial economy. This is partially due to

some circular interpretations of both the documentary and literary evidence.

Banaji (2001, 60, 77) conjectures that the sheer volume of gold coins in

circulation must have caused gold to be adopted as a ‘mass currency’. The

internal logic of the work uses the existence of documentary evidence for solidi

being used as a unit of account or medium of exchange in relatively mundane

transactions to circularly validate the ‘flood of gold’ model. There are

legitimate points that can be made on the basis of this evidence: transactions

that could once have feasibly been conducted or accounted for in silver coinage

are now being undertaken in solidi. For example, there is papyrological

evidence for the sale of 30 arouras of irrigated land for 16 solidi in AD 363

(SB, XX 15096), and for the sale of approximately two arouras of arable land

for 5 solidi in AD 373 (P. Vindob. G, 25871). Furthermore, generally speaking,

there was an increasing tendency for prices to be expressed in gold from the

380s onwards (Howgego, 1995, 134). What this all reflects is the increasing

importance of gold within the Roman monetary system in the late fourth

century, rather than being evidence for the logical conclusion of too much gold

being injected into the economy.

This idea that there was a ‘flood of gold’ into the economy seems to stem

from a relatively unique interpretation of one line of the De rebus bellicis

(Banaji, 2001, 47). The work was probably written at some point in the late

fourth century. The AD 366 to AD 375 date range given by Thompson (1952,

2) seems to be the most widely accepted; although Mazzarino (1951) argued

for the reign of Constantius II – which was rebutted by Cameron (1979) -

Astin (1983) argued for a date range of AD 383 to AD 395, and Brandt (1988)

argues that the work is addressed to Theodosius II and Valentinian III in

the second quarter of the fifth century. The general consensus does seem to

be a late fourth century dating. According to the anonymous author of the

work: “it was in the age of Constantine that extravagant grants assigned gold

instead of bronze, which was previously of great value, to petty commercial

transactions”(De rebus bellicis, II.1).50 Banaji takes this line literally and as

50 ‘‘Constantini temporibus profusa largitio aurum pro aere, quod antea magni pretii habebatur,
uilibus commerciis assignauit. . . ”
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proof there was a Constantinian monetary policy that sought to make gold the

universal unit of account by dumping gold into the economy through public

grants. There are a number of major problems with this.

The first is that this particular line forms the final part of the anonymous

author’s bizarre numismatic history of the Roman Empire. The author asks

the reader to remember Rome’s early rulers who spent their riches solely on

public buildings, using their entire supply of gold and silver to gild them, and

who issued coins of stamped clay rather than base or precious metal (De rebus

bellicis, I.2).51 Later generations, disliking these inexpensive measures, then

issued stamped pieces of gold coated leather (De rebus bellicis, I.2).52 Then,

as the stock of bronze grew, more expensive and durable bronze coins were

struck. Gold and silver issues were also struck, but these did not, apparently,

have any monetary function and were prestige pieces for rulers who put

their portraits on them. It was instead the bronze coins that were used for

commercial transactions and payments to the troops (De rebus bellicis, I.3-4).53

It was then in the age of Constantine that gold took over the role of bronze

in petty commercial transactions (De rebus bellicis, II.1). Given its context,

the final part of this numismatic history is clearly something that cannot be

taken literally. The first two parts of this narrative make reference to Rome’s

mythical early history and the time of Romulus (Thompson, 1952, 29), with

the third part of this narrative probably referencing the reign of King Numa

or Servius Tullius.54 Furthermore, the source for the existence of leather coins

seems to be Seneca (De beneficiis, V.14), who attributes the use of leather coins

to the Lacedaemonians. Either way, this particular claim seems to have more

to do with finding an explanation for why the word for money – pecunia –

was derived from the word for cattle – pecus – than it does with trying to

accurately recount the development of coinage (Thompson, 1952, 28). The

anonymous author is clearly not trying to construct a numismatic history that

contextualises fourth-century monetary ‘policy’, and it should not be taken as

51 ‘‘Rectores superioris uitae non otiosis opibus sed condendis potius moenibus laetabantur,
in quorum decorem uniuersam auri argentique materiam conferebant. . . in aeris usum excultam
politius terram et igne solidatam, certis quoque expressionibus figuratam, auro argentoque reposito
usui habuerunt.”

52 ‘‘Sed posteriores, fastidientes priscae uilitatis inuentum, formatos e coriis orbes auro modico
signauerunt. . . ”

53 ‘‘Aeris autem materia, quae iam pro copia uilior erat, ad dona militaria et uaria populorum
commercia signabatur.”

54 Thompson (1952, 29) prefers Numa, but Pliny (Naturalis historia, XXXIII.3) claims the

first bronze coins were minted under Rome’s sixth king, Servius Tullius. This section probably

refers to the time of the early kings of Rome.
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such (Mazzarino, 1951, 106-22; 169-216).

Instead what the author seems to being doing is setting up a contrast

between Rome’s austere, morally superior early history and the much more

frivolous, morally degraded present (Liebeschütz, 1994; Thompson, 1952;

Wiedemann, 1979). This is the second problem with a literal interpretation

of the line about gold replacing bronze: the references to money in this part of

the work serve as a vehicle for the author’s moral agenda (Liebeschütz, 1994,

137). The contrast the anonymous author constructs is relatively simple. In

the past royal largesse was conducted through inexpensive media – clay, gilded

leather or bronze – whereas now this largesse takes the form of gold payments,

which the author implies are burdensome to, and against the interests of, the

taxpayer (De rebus bellicis, II.4).55 There is a more general narrative of moral

decline over time as well: it is no accident that the media of royal largesse

gets progressively more expensive as time goes on. Furthermore, the second

chapter of the work concludes by stating that “famous kingdoms of antique

poverty” had been commended “to all history with honour and praise”, and

that “we term ‘golden’ those realms which had no gold at all” (De rebus bellicis,

II.5).56 Wiedemann (1979, 140-1) sees all this moralising as a digression that

seeks to appeal to the precedent of antiquity in order to legitimise the author’s

suggestion of cutting state expenditure. This kind of appeal to antiquity is

an established trope within Roman literature. For example, in the mid-first

century BC, Varro effectively claims that Roman piety had been declining

since the construction of the temple of Jupiter on the Capitoline in the late

sixth century BC (Augustine, City of God, 4.31, quoting Antiquitates Rerum

Divinarum). Four hundred years before De rebus bellicis, Varro had already

claimed that things had been declining in Rome for five hundred years –

the narrative of decline, then, is certainly not original. Furthermore, the

praise or criticism of the expenditure of late imperial rulers is not limited

to the anonymous author either. Emperors in this period had to walk the

tightrope of being generous enough to avoid accusations of avarice, but not

so generous that they can be accused of lacking the necessary frugality for

the role (Corbier, 2005, 390-1). For example, where the anonymous author

criticises Constantine’s expenditure, Julian (Oration 1.8) instead praises him

for his generosity when Caesar (Corbier, 2005, 391). Considering all this,

references to numismatic histories and Imperial expenditure in the work are

55 ‘‘Erit igitur curae prudentiae tuae, optime imperator, repressa largitate et collatori prospicere
et in posterum nominis tui gloriam propagare.”

56 “. . . et antiquae paupertatis famosa regna. . . qua haec honoris laude per omne aeuum frugalitas
incorrupta commendet. Certe aurea nuncupamus quae aurum penitus non habebant.”
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not necessarily purely economic in nature - there is clearly a considerable

moralising component.

A final issue is that the anonymous author actually comments on the

production of gold coinage in the third section of the work, but is concerned

with the value of the solidus, not the volume of production. The author’s main

complaint is that the state suffers from the “debasement of the solidus arising

from fraudulent practices” in the mint (De rebus bellicis, III.1).57 The alleged

consequences are that the debased coins add friction to business transactions

and their repudiation is an affront to the emperor’s dignity.58 While the

anonymous author’s proposed solution of moving the mint to an isolated

island is farcical, the author’s stated intention is to make the coin easier to

use for general transactions (De rebus bellicis, III.2).59 Furthermore, at the start

of the work the author claims that their suggestions will cause the state’s gold

stocks “to be doubled without hardship to the taxpayer” and allow even larger

donatives to be paid to the army (De rebus bellicis, Preface.7).60 The impression

of all this, then, is that the author wishes for the state to increase its gold stocks,

coin and distribute more pure gold, and make the gold coinage easier to use

in transactions. None of this sits well with Banaji’s claim that the anonymous

author is documenting and complaining about a process by which the economy

is flooded, and then distorted, by gold coinage.

5.2.1 Taxes, Expenditure and the Continuation of the Third-

Century Snowball

It is better, then, to see the increasing importance of the gold coinage across

the fourth century as the logical extension of processes begun in the mid-third

century. As shown in the previous chapter, by AD 260 it appears that the gold

coinage was moving by weight, bringing an end to the aureus-denarius system

that operated on fixed face values. Aurelian and Diocletian both restabilised

the production of the gold coinage, but they also cemented the primacy of the

gold coinage in the monetary system. The solidus was effectively a circulating

ingot that was inoculated against inflationary pressures, whereas both the

57 “Inter damna rei publicae non ferenda solidorum figura aliquantorum fraudibus. . . ”
58 “. . . deprauata diuersa populos ratione sollicitat et regiae maiestatis imaginem, dum per

monetae culpam refutatur, inminuit. . . necessitas difficultatem quandam ipsis contractibus
intulerunt, ne rebus possit interesse simplicitas.”

59 “. . . ita ut opifices monetae redacti undique in unam insulam congregentur, nummariis et
solidorum usibus profuturi. . . ”

60 “. . . quo etiam pacto auri argentique modus sine dantium poena duplicetur; uel quo argumento
extra solitam largitatem cumulatus honoribus miles exultet.”
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debased silver and bronze coinages were vulnerable to having their purchasing

power hamstrung by inflation. Since we see the state implementing this system

in the late third century, it makes logical sense for the state to organise its

finances and revenues around this system in the following century. In fact, we

can plot state finances increasingly coalescing around gold quite organically

over the course of the fourth century.

To begin with, the state increasingly tries to raise revenue specifically in

gold across the fourth century. Under Constantine the regular extraction

of gold became more formalised with taxes from Imperial estates being

collected in gold – the Theodosian Code records decrees from AD 319 (C. Th.,

XI.16.1)61 and AD 325 (C. Th., XII.6.2),62 which detail some of the procedures

surrounding this. According to Zozimus (II, 38), Constantine also instituted

the chrysargyron or collatio lustralis, which was a tax payable in gold and silver

levied every four years on a variety of different types of traders, although

Bagnall has shown this was collected in yearly instalments (Bagnall, 1992).

This particular tax continued to be levied in gold and silver under Constantius

II (C. Th., XIII.1.1),63 but we see a variety of other taxes now being collected

or commuted specifically into gold. For example, P. Oxy. 3420, which could be

dated to c. AD 342 (Boek, 2008, 100), refers to the ‘gold for the mules’64 that

is presumably a tax paid in gold that the army then uses to meet its various

transportation costs. P. Oxy. 3401, which dates to AD 355, makes specific

mention of ‘gold for the recruits’,65 a tax paid in gold in lieu of providing men

for the army. In this papyrus, the collectors Papnuthis and Dorotheus seem to

be buying solidi with the base metal coinages they have collected in order to

meet their obligations in gold.66 Furthermore, P. Oxy. 3424, dating between

AD 357 and AD 372, mentions both of the previous taxes as well. Bagnall

(1980, 186), identifies seven taxes exacted in gold in P. Oxy. 1905, which he

dates to somewhere between AD 356 and AD 372. These taxes include the

61 “Patrimoniales fundos extraordinariis oneribus vel mediae aut tertiae portionis obsequiis
fatigari non convenit, cum eosdem et auri speciem et frumenti plurimum modum constet
persolvere. . . ’’

62 “pro multis etiam et in diversis locis constitutis liceat simul auri pondus inferred. . . ”
63 “Negotiatores omnes protinus convenit aurum argentumque praebere. . . ”
64“ὁ χρυσὸς των βουρδώνων”
65“ὁ χρυσὸς των τιρόνων”
66“. . . τοῦ χρυσοῦ τῶν τιρόνων καὶ πάντες ζητι νομισμάτια καὶ καθ ἡμερα ἀναβένι ἡ τιμή” – in

reference to the ‘gold for the recruits’, Dorotheus states that everyone wants νομισμάτια and

that the price is rising. νομισμάτια must refer to solidi.
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‘gold for the mules’67, a tax on village property68 and the primipilum,69 which

was a tax linked with the military annona. Another papyrus dating to AD

359 (SB, 7756) details the exaction of a sum of money – assessed in myriads

of denarii, but seemingly paid in gold (P. Oxy., 3408)70 – that appeared to be

going towards the upkeep of an Imperial fleet that was engaged in trade with

India.71 A decree from AD 367 (C. Th., XI.17.1) stipulates that twenty three

solidi shall be paid in lieu of an exaction of horses72 from those liable for this

particular tax. Similarly, in AD 377, the dioceses of Asia and Pontus were

instructed to pay the vestis militaris – a tax that exacted clothes for the military

– in gold rather than in kind (C. Th., VII.6.3);73 and a later decree from AD 396

stipulates that each vestis was valued at one solidus (C. Th., VII.6.4). Finally,

the papyrus archive of Papnuthis and Dorotheus, who were active across the

middle and late fourth century, details them collecting a number of taxes in

gold including ‘the gold of the charybdis’ (P. Oxy., 3423),74 ‘the gold of the

fishermen’ (P. Oxy., 3423),75 and ‘the gold for the land tax’ (P. Oxy., 3397).76

It is not only significant that so many taxes were being collected in gold,

but that there is evidence that many of these taxes were settled, or at least

accounted for, in kind or in base metal coinages earlier on in the century

(Bagnall & Bransbourg, 2019, 42). For example, the exaction of horses was

referenced separately to the exaction of gold in a decree dating to AD 320, AD

326 or AD 354 (C. Th., XIII.3.2); the primipilum is settled in billon in AD 326/7

(P. Mich, Inv. 1378);77 and there is evidence for the vestis militaris being tariffed

in base metal coinage up until c. AD 340 (Bagnall & Bransbourg, 2019, 42).

This is not to say that taxes were not paid in kind or in base metal coinages,

rather that the state had made a conscious effort over the course of the fourth

century to exact more of its revenues in gold.

67“χρυσοῦ βουρδόνων. . . γράμμα ”, ” τιρώνων. . . χρυσοῦ γράμμα ” – ‘Gold for the mules. . . a

gram’, ‘recruits. . . a gram of gold.’
68“κωμητικῇ κτήσι τῶν ἀρουρῶν ριγ χρυσοῦ νόμισμα ” – ‘Village property for 113 arourai, a

gold solidus.’
69“πριμιπίλου τῶν ἀρουρῶν Αχξ νόμισμα ” – primipilum for 1660 arourai, a solidus.
70“‘τὰ ἀργυύρια της ᾿Ινδίας τῇ κε αλῇ σὺν ἀλλαγῆς δηναρίων μυριάδας μ ” – 40 myriads of

denarii including some kind of fee for exchange, presumably into gold.
71“τὰ ἀργυύρια της ᾿Ινδίας”
72 “Viceni et terni solidi per singulos equos. . . ”
73 ‘‘per Asianam vero et Ponticam dioecesim ad eundem numerum in capitibus seu iugis annua

vestis collatio dependatur, ita ut per Orientem provinciae in titulo auri comparaticii. . . ”
74“ὁ χρυσὸς της χαρύβδεως ”
75“ὁ χρυσὸς των ἁλιέων ”
76“τὸ χρυσίον της ἀρουρατίωνος ”
77“. . . ἰνδι τίονος ὑπὲρ ἐπι εφαλαίου αί πριμιπίλου άργυρος ” – ‘άργυρος’ (silver) here refers to

silver coinage (Youtie, 1980).
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In the second half of the fourth century we see the state trying to squeeze

more gold out of its existing revenue streams, such as the aurum coronarium

and the chrysargyron. The aurum coronarium – the crown gold – started life

as a ‘voluntary’ contribution given to an emperor on his accession, but by the

fourth century had certainly morphed into a much more regular tax of gold

(Pharr et al., 2001, 382). The tax was not levied on Senators, as they paid a

separate tax (C. Th., XII.13.1-2), and was instead levied on decurions. In AD

362, the emperor Julian declared that the aurum coronarium was voluntary and

should not be levied against anyone (C. Th., XII.13.1),78 suggesting that it had

almost certainly been levied in the years immediately preceding this decree.

By AD 364, Valentian and Valens had levied the tax against all landholders

in Emona in the northern part of Roman Italy (C. Th., XII.13.2). It seems

that the aurum coronarium continued to be exacted across the 370s (C. Th.,

XII.13.3-4), but, in AD 384, the payment of the crown gold was once again

made voluntary by Gratian, Valentinian and Theodosius. The decree does,

however, specifically mention this was ‘contrary to custom’ (C. Th., XII.13.5).79

The payment of the crown gold certainly did not remain voluntary, as in AD

416 there is a decree by Honorius and Theodosius that mentions that exaction

of the crown gold from an entire municipal council (C. Th., XII.12.5).

In the case of the chrysargyron, it was collected in gold and silver under

Julian (C. Th., XIII.1.4), and at least up until AD 370 under Valentinian, Valens

and Gratian (C. Th., XIII.1.8).80 By AD 372, however, these same emperors

had decreed that the tax be collected in gold (C. Th., XIII.1.9).81 We see the

specific exaction of this tax in gold across the fourth and into the fifth century,

suggesting the option to pay in silver no longer existed. For example, decrees

issued by Gratian, Valentinian and Theodosius in AD 379 (C. Th., XIII.1.11)

and AD 384 (C. Th., XIII.1.13) refer to this tax on merchants and tradesmen

as ‘payable in gold’ (Pharr et al., 2001, 386). Similarly, under Arcadius and

Honorius it is quite clear from decrees in AD 399 and AD 400 that the state

expected the tax levied on tradesmen and merchants to be met in gold (C. Th.,

XIII.1.17-8). Furthermore, in AD 410, Honorius and Theodosius seem to try

to squeeze even more revenue from this source by reducing exemptions from

the tax, and allowing payment in instalments (C. Th., XIII.1.20). In AD 418

it is restated that there are no exemptions from the tax, even if you have the

78 “Aurum coronarium munus est voluntatis, quod non solum senatoribus, sed ne aliis quidem
debet indici.”

79 “Ad collationem auri coronarii placuit neminem absque consuetudine esse cogendum.”
80 “Hi tantum ad auri argentique detineantur oblationem. . . ”
81 “Omnes iam nunc studio negotiationis intenti. . . ad pensitationem auri, quod negotiatoribus

indicitur, compellantur.”
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protection of a high ranking individual, including members of the Imperial

household (C. Th., XIII.1.21). The state is quite clearly looking to protect and

increase its gold revenue streams.

Given that we see the monetary system and state revenue becoming

increasingly dominated by gold, it is unsurprising to see instances where

state expenditure is being made explicitly in this medium. This can be

seen in the large scale purchase of agricultural goods and in the payment of

salaries. For example, a decree from AD 384 governing state purchases of

supplies effectively states that these transactions were occurring in gold (C.

Th., XI.15.2);82 and P. Mich. 613, dating to AD 415, records the receipt of 150

solidi83 by Flavius Kyrillos, who was to bulk purchase 9000 sextarii’s worth

of radish oil for the city of Alexandria. In addition, there is a reference by

Ammianus (XXVI.8.6) to a treasury official carrying gold to Nicomedia in AD

365 to pay the - perhaps commuted - stipendii of the troops stationed in that

part of the empire; and in AD 387 there is a decree that shows that commuted

payments of some of the allowances in-kind issued to soldiers were now to

be routinely paid in gold by the commissary officers (C. Th., VIII.4.17).84 At

some level this should be seen as a natural extension of the state increasingly

organising itself around the gold coinage: if an increasing proportion of state

income was collected in gold, it makes sense that an increasing proportion of

expenditure would have been conducted in the same medium. However, we

should also be aware of the consistent pressure from state ‘employees’ to have

access to gold.

As early as AD 325, Constantine was forced to instruct camp commanders

to stop leaving the subsistence allowances allocated to the soldiers in the

store houses. They had been doing this so that they were able force the local

populace for payment in money rather than in kind (C. Th., VII.4.1). By AD

358, Constantius II had banned the commutation of sportulae into base metal

or gold coinage (C. Th., VIII.4.6). It would be most advantageous for the duces

to extract gold from the commissary officers, so we can assume that this was

probably the first demand made and that they settled for base metal coinages

if gold was not available. Under Julian it appears that the state began to

bend to this pressure. Rather than banning the commutation of salaries or

82 “. . . ita ut prius vendendas det species, quam omne, quod in rationem distractionis venerit,
aurum fuerit consecutus.”

83“. . .χρυσοῦ νομισμάτια εὔσταθμα τὸν ἀριθμὸν ἑκατὸν πεντή”
84 “. . . ut aurum ad officium illustris per Illyricum praefecturae cum certa taxatione, id est pro

octogenis libris laridae carnis, pro octogenis etiam libris olei et pro duodenis modiis salis singuli
solidi perferantur.”
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allowances paid in kind into money, it was now capped at fifty pounds of

silver (C. Th., VIII.4.9). Banaji (2001, 51) argues that it was under Valentinian

I that the most significant changes occurred. The promotion of the Imperial

bureaucracy over the traditional ‘senatorial elite’ (C. Th., VI.11.1) and the

wholesale restructuring of the Imperial pay grades (C. Th., VI.5.2), went hand-

in-hand, he claims, with a more liberal attitude to commutation, specifically

into gold coinage. Indeed, a decree issued under Valentinian, Theodosius and

Arcadius in c. AD 387 details exactly this: solidi were ordered to be paid at

fixed rates to soldiers for supplies they would have previously received in kind

(C. Th., VIII.4.17).

Despite the state acquiescing to greater levels of commutation, we continue

to see the Imperial bureaucracy and military officers agitating for even more.

Banaji (2001, 51) refers to this process as ‘bargaining for gold’. He sees the

frequent attempts by the militares to extract as much of their pay as possible

in money – of which gold was the most advantageous medium – despite

the inconvenience and hardship this caused the individuals who ultimately

had to provide the payments, as the deliberate and concerted application of

pressure on the state to pay more of their salaries in gold (Banaji, 2001, 53-

6). Indeed, the state continued to issue decrees that ordered the militares to

stop refusing their allowances in kind and trying to extract money instead

– decrees in AD 393 (C. Th., VII.4.20) and AD 396 (C. Th., VII.4.21) both

detail this. Furthermore, it appears that when this did happen, agents of

the state were not infrequently setting their own rates of commutation (C.

Th., VII.4.22, VIII.4.19). Unable to eliminate the practice, it seems, the state

instead sought to regulate it. By the early fifth century we have references

to some kind of list of fixed prices for commutation – in AD 407 (C. Th.,

VII.4.29) and AD 409 (C. Th., VII.4.30), for example – and in AD 412 a decree

by Honorius and Theodosius explicitly mentions a fixed rate for commutation

in solidi (C. Th., VII.4.32).85 This particular decree is further elucidating

on two counts: it refers to the fact that individuals should not complain if

they receive payment in kind (Pharr et al., 2001, 163), suggesting that they

frequently did complain; and that individuals should be pleased if they are

paid in gold if it is not customary for their rank, suggesting that they were

paid in gold frequently enough for the state to remind them to be grateful.86

It provides good evidence, then, for members of the militares agitating to be

85 “Nam cum adaerationis aestimatio prius per centum et viginti capita exactione solidi
teneretur. . . ”

86 “. . . nec enim queri poterunt, qui vel species accipient debitas dignitati vel, si auri perceptione
laetentur, aequari se tanto culmini non debebunt. . . ”
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paid in gold. By AD 423, Imperial bureaucrats had been put on the same

commutation formula as the soldiers (C. Th., VII.4.35). Finally, a decree in

AD 424 makes it clear that commutation of subsistence allowances into gold

for individuals whose rank did not normally allow it, was frequent enough to

require regulation alongside the commutation of these allowances into base

metal coinages (C. Th., VII.4.36).87

In the early fifth century, then, we can say that the Imperial bureaucracy

and military officers were successful in their ‘bargaining for gold’. Although

he does not explicitly say it, one gets the impression from Banaji that this state

of affairs was a deliberate arrangement between the state and the militares,

which was purposefully designed to the disadvantage of everyone else (Banaji,

2001, 87-8). Of course, the end result of this ‘bargaining’ was that the militares

and the Imperial bureaucracy received a greater proportion of their pay in

gold, which was clearly to their advantage. However, both the state and its

‘employees’ were a lot more reactive in this period than Banaji suggests. The

institution of the gold coinage as a circulating ingot was a reaction to the

collapse of the monetary system in the mid-third century. The organisation

of the monetary system around gold across the third and fourth centuries was

a reaction to the fact it was now effectively the sole stable monetary unit in

this system. The demand for gold by state ‘employees’ was a rational reaction

to a system where gold protected you from inflation and was concentrated

in the hands of their ‘employer’. This series of events should not be viewed

through modern moral or political lenses. The state, to some extent, tried

to regulate the exploitative behaviours of the militares, but it was unable to

eliminate them completely. It needed the army and the bureaucracy to run

the empire – it makes sense, then, that it would be most likely to acquiesce to

the demands of these groups as a collective, and then most likely to acquiesce

to the demands of its most senior members. For Ammianus (XVI.8.3), the

soldiers were greedy.88 This is probably a perfectly valid contemporary

87 “Si alias annonas, quae non suae dignitatis erunt, sed alio modo, dum tamen licito, suis
commodis adquisitas in auro sibi dari duces sive tribuni voluerint, illis pretiis contenti sint, quae in
forma aerariarum annonarum universis militibus sollemni observatione praebentur.”

88This is an old trope. Herodian claims the soldiers gained their insatiable avarice under

Didius Julianus – “. . .καὶ χρημάτων ἐδιδάχθησαν ἄπληστον καὶ αἰσχρὰν” (2.6.14) – and that

Septimius Severus taught them to love money and luxury – “. . .χρημάτων τε ἐπιθυμεῖν διδάξας

καὶ μεταγαγὼν ἐς τὸ ἁβροδίαιτον ” (3.8.5). Dio claims that the soldiers under Macrinus did not

want to be controlled by an emperor, and wanted everything in exchange for doing nothing –

“. . . ἀλλ᾿ ἐς πάντα δὴ πάντως ἐκδεδιῃτημένοι, οὔτ᾿ αὐτοκράτορα οὐδένα ἐγκρατῶς σφῶν ἄρχοντα

ἔχειν ἐθέλοντες, ἀλλὰ λαμβάνειν μὲν ἄπλετά τινα ἀξιοῦντες ἔργον δ᾿ οὐδὲν ἄξιον αὐτῶν ποιεῖν

δικαιοῦντες, ἐταράσσοντο.” (79.28.1).
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perspective considering military officers were occasionally engaged in price

speculation when they refused their payments in kind, in order to commute

them later when they predicted market prices would be more advantageous

(C. Th., VII.4.20). However, from a more detached position, we can see that

state ‘employees’ were acting rationally when they sought to protect their

salaries from inflation by receiving it in gold. These individuals did not create

the monetary system or economy they were operating in, they could only

try to navigate it as efficiently as possible. The system and economy itself

incentivised the holding of gold, and so it is unsurprising that the militares

and Imperial bureaucracy seemed to put pressure on the state for access to

it. Considering all this, both the state and its ‘employees’ were, generally

speaking, reacting to economic forces largely beyond their control.

In sum, across this period we see the monetary system, state revenue and

state expenditure become increasingly dominated by gold. There is not a

single revolutionary event or seismic decision that implements this, rather it

is an organic evolution that begins in the mid-third century and continues

into the fifth. The broad stages of this evolution can be teased out. First

the monetary system is organised around gold, then the state attempts to

collect more of its revenue in gold, after which state expenditure becomes

dominated by it as well – there is, of course, heavy chronological overlap, but

this is the general pattern of events. The economic changes in this period are

not, then, characterised by a ‘Constantinian monetary revolution’. First, the

changes are more than just monetary. We see changes to state revenue and

expenditure, to how individuals are using gold (i.e. object or coin form), and

the development of a tension between the state, its employees and tax payers

over the ‘bargaining for gold’. Second, the developments in this period are

not Constantinian. The unchallenged primacy of gold in the monetary system

began in the latter half of the third century, when it became inoculated against

inflation whereas silver and base metal coinages were subject to it. Gold then

became increasingly important in state finances across the fourth and into the

fifth century. While Constantine’s reign included important developments –

such as the implementation of the c. 4.5g solidus; the tight regulation of the

gold coinage and the gold coinage pool; and of various taxes designed to raise

more revenue in gold – to say that Constantine’s interventions were the prime

factor in the monetary system and state finances being increasingly organised

around gold is not accurate. Finally, it is quite clear that the increasing

importance of gold in the monetary system and state finances cannot be

boiled down to one revolutionary event. Instead there is a slow evolution of

rolling change that occurs as the state and contemporary individuals reacted
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to economic forces that were largely beyond their control.
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5.3 A Note on the East

The fourth- and fifth-century metrological data were made up of weights of

gold coins from both eastern and western hoards. Given that there was very

little variation in the metrological data and that the AD 64 to AD 200 data set

showed no evidence of a divergence in behaviour between east and west, there

was little point in splitting the data up. For the avoidance of doubt, however,

it is worth briefly summing up the eastern data and comparing them to the

western material.

Metrological data from two small deposits were collected. Twenty-one

weights of gold coins were collected from the Kapulukaya hoard (Turkey,

earliest closing date AD 378), and 17 weights were collected from the Khirbet

Abu Zu’eize hoard (Israel, AD 395). The Kapulukaya hoard had a mean weight

of 4.46g and the Khirbet hoard a mean weight of 4.39g. The mean weight of the

gold coins in western small deposits was 4.44g, so the weights of both of these

hoards compare favourably to this. Metrological data from two large deposits

were also collected. Ninety-nine weights of gold coins were collected from

the Caesarea hoard (Israel, AD 395) and 39 weights out of a possible 41 were

collected from the El Ashmûnein hoard (Egypt, AD 364). The Caesarea hoard

had a mean weight of 4.44g and the El Ashmûnein hoard a mean weight of

4.45g. The mean weight of the gold coins in western large deposits – excluding

the Beaurains hoard as it contained largely high-weight, Tetrarchic material -

was 4.48g. So, again, the weights of both of these hoards compare favourably

to this. Furthermore, the fact there appears to be no significant difference in

the mean weights of large and small deposits in the east matches well with the

overall pattern observed in the data.

We should not rely solely on the weight range of a hoard in this period,

given that it can easily be skewed by a fraction or multiple of a solidus. Instead

it is better to look at the deviation within the weights. It achieves the same

purpose – investigating whether hoards in the east had the same consistency in

solidi weights as hoards in the west – without requiring the manual exclusion

of individual coins deemed to be fractions or multiples, a process that could

plausibly be open to bias. In this period approximately 98% of the coin weights

collected were within 0.2g of the 4.5g solidus target weight, without accounting

for fractions or multiples. There appears to have been little variation within

the coinage pool, and we would expect this to apply to both the east and the

west. The Kapulukaya hoard reflects this very well: all 21 coins are within

0.2g of the 4.5g solidus target weight. The Khirbet hoard does too, although

less strongly: 14 out of 17 (82%) are within 0.2g, and all coins are within
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0.25g. Of the material collected from small deposits, 35 out of 38 coins (92%)

were within 0.2g, and all were within 0.25g. The Caesarea hoard reflects this

well also: 98 out of 99 coins (99%) were within 0.2g of the 4.5g solidus target

weight; the outlying coin weighed 4.23g. So too does the El Ashmûnein hoard:

36 out of 39 coins (92%) were within 0.2g; the outlying coins were a 6.75g

multiple, and two solidi weighing 4.29g and 4.23g. Overall, 134 out of 138

coins collected from large deposits (97%) were within 0.2g, and 99% were

within 0.27g. Of all the material collected from the east, 169 out of 176 coins

(96%) were within 0.2g of the 4.5g solidus target weight; and all but one coin

was within 0.27g. As such, not only is the overall pattern consistent with that

of the data as a whole, but there is no significant difference between small and

large deposits either.

Given all of the above, there is no reason to assume that the pattern within

this data set does not apply to the east and west of the empire in this period.
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Chapter 6

Analytical Techniques Used

6.1 X-ray Fluorescence

The use of X-ray Fluorescence (hereon XRF) to determine the major element

composition of museum objects has been an established procedure for decades

(Hall et al., 1973), and has been used on artefacts including Roman statues

(Kopczynski et al., 2017), Anglo-Saxon gold coins (Blakelock, 2016) and

Japanese ceramics (Hall, 2004), amongst a litany of other projects. Some

museum conservation departments have their own XRF units, and the non-

destructive nature of the technique makes it easy to approve for use on cultural

heritage objects. As such, it is a technique that is particularly well known to

museum curators. The Ashmolean Museum has its own XRF unit, and the

ability to conduct these analyses within the museum makes it particularly

advantageous in terms of curator time, security and insurance costs. In total,

592 Roman gold coins from the Ashmolean’s collection were analysed using

XRF, although only the 573 that had their trace element compositions analysed

are presented here.

The XRF analyses were performed using an Oxford Instruments ‘X-

MET8000’ handheld Energy Dispersive X-ray Fluorescence unit with a voltage

of 40 kV, a current of 8 µA and a 1000 µm aluminium filter. The unit contains

a rhodium target X-ray tube and a 25mm2 high resolution silicon-drift

detector. This particular analyser comes factory-loaded with fundamental

parameters (FP) that are specific to various applications. All analyses here

were performed using the pre-loaded ‘Precious Metals FP’ calibration setting.

External standards of known quantities of gold, silver and copper were also

used throughout the analysis. On each coin, three separate 10.7mm x 9.4mm

spots were analysed – two on one face of the coin, and one spot on the other.

The flattest parts of the coins were chosen for analysis, as irregularly shaped
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surfaces can affect the accuracy of the results produced (Blakelock, 2016, 915;

Geil & Thorne, 2014, 1358-9). The handheld unit was docked into a bench-top

stand, and the in-built camera was used to select the spots. Given the intricate

designs on Roman gold coins it was not always possible for the whole area

sampled to be totally flat. Each spot was analysed for 30 seconds, totalling 90

seconds per coin. The manufacturer’s operating manual states that measuring

for between 5 and 15 seconds is sufficient for most alloys, with longer runs

being needed for the determination of trace elements. Even though XRF was

only used to determine the major element composition here, a longer run time

was chosen in order to increase the precision of the measurements. The mean

2-sigma precision of the gold measurements was ±0.11 and for silver was

±0.02. A 30 second run time was also used by Simsek Franci (2020) when

investigating trace element inclusions within ancient ceramics with the same

model of handheld XRF unit. Quantitative results were extracted using the

standard software provided with the unit. These results were then manually

compared with the spectra to check for anomalies – sum peaks, escape peaks,

diffraction errors and surface contamination (Tanaka et al., 2017) – that the

standard software did not identify or account for.

During the XRF analyses three certified alloy standards were used. These

were made by Micro-Analysis Consultants Ltd and are referred to as MAC 1,

2 and 3 (Table 18). Each standard was analysed 72 times across the duration

of the analyses. Table 18 shows that the XRF unit was most accurate when

analysing MAC 1 and MAC 2 – the results were within a fraction of 1% for

gold, silver and copper for both of these standards. The margin of error was

greater for MAC 3, however. This does not pose a particular problem here as

none of the coins analysed were less than 80% gold, and as such MAC 1 and 2

are much more representative standards. The vast majority of the gold coins

Table 18: Standards Analysed During the XRF Analyses

160



analysed were above 95% pure, and so are most similar to MAC 1. Across the

72 analyses of MAC 1 by this handheld unit the mean absolute error was 0.2

percentage points for gold and 0.06 percentage points for silver. This is very

good considering the precision for gold was ±0.11 and for silver was ±0.02.

Given all this, the margin of error for the XRF results is probably a fraction of

one percentage point.

There were a variety of practical advantages to using a portable XRF unit

within the Ashmolean museum, rather than using an external ‘benchtop’ XRF

setup. These include lower costs, ease of access, speed of organisation and

increased security, but the primary advantage here was that it did not draw

heavily on the ‘human resources’ of the museum. When taking coins out of the

museum and to an external laboratory both a curator and a second member of

staff have to accompany the coins during transport; then during the analysis

the curator must be physically with the coins at all times. Given the number

of samples analysed, and the need for multiple spots, this would have drawn

heavily on staff time at the museum. This limited staff time and goodwill was

needed for the trace element work, as there was no capability for performing

such precise analyses within the museum. As such, the use of the portable

XRF unit meant that the trace element work was actually able to go ahead as

the ‘human resources’ were still available.

From a purely scientific point of view, the additional capabilities of

‘benchtop’ XRF units offered very little advantage to the project. For example,

‘benchtop’ units are able to analyse the sample in a vacuum rather than in air.

For some elements this is an important capability - Kuzel et al. (2016) received

different concentrations for calcium and phosphorus in bones depending on

whether the samples were analysed in air or in a vacuum. However, as shown

by the analysis of the MAC 1 and 2 standards, it is clear that the precision and

accuracy of the handheld XRF unit was not radically affected when analysing

high purity gold-silver-copper alloys in air. Furthermore, uncertainties can be

introduced when using handheld XRF in the field, such as the user moving the

unit during counting or atmospheric conditions changing. However, in this

case the XRF unit was used in the Ashmolean’s conservation laboratory in a

benchtop stand, and so these sorts of errors were not introduced. ‘Benchtop’

XRF units that use wavelength dispersive XRF have a higher energy resolution

and are able to detect elements from beryllium to uranium, which is important

for projects that require the analysis of light and rare earth elements. However,

the elements of interest here are the major compositions of gold, silver and

copper. These are all ‘heavy’ metals and well within the elemental range of a

portable energy dispersive XRF unit – indeed one of the primary commercial
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functions of the X-MET8000 is ‘heavy’ metal analyses. Finally, both Bueno

Guerra et al. (2014) and Marguı́ et al. (2012) have shown that modern

handheld XRF units can produce results congruent with ‘benchtop’ XRF units,

when analysing ‘heavy’ metals even at the parts-per-million level. As such,

for investigating gold, silver and copper contents at the percentage level, a

modern handheld XRF unit is more than sufficient.

In short, the technique itself works by firing an X-ray beam at the sample.

This displaces electrons from the inner orbital shells of the atoms in the

sampled area, as the energy of the X-ray is greater than the binding energy

that holds the electrons in their correct orbits. This creates an electron

vacancy leaving the particle in an excited state. Relaxation of the excited

state occurs through a cascade of outer electrons falling into lower orbitals.

As this occurs X-rays are emitted with energies corresponding to the energy

difference between electron orbitals. This energy of this X-ray is characteristic

of the element it is emitted from; as such it can be used to quantify the

concentrations of the elements present in the sample. The brevity of this

explanation is deliberate as dissections of XRF have been undertaken on a

number of occasions (Cowell, 1998; Hall, 1961; Karydas, 2007; Van Grieken

& Markowicz, 2001). However, one aspect of the technique worth drawing

attention to is that it only returns data from the first few micrometres of the

object analysed (Blakelock, 2016; Hall, 1961; Van Grieken & Markowicz, 2001)

– if the surface of the object is not representative of the bulk composition, then

XRF results may well be misleading.

Surface enrichment is not, however, thought to be a major problem in

Roman gold coinage produced during ‘normal times’.89 The surfaces of aurei

and solidi are generally very high purity. As such, the use of the specific

gravity method is sufficient to determine whether there is any more than a

few percentage points of the alloying metals in the coin than surface analyses

reveal. The specific gravity results obtained by Caley (1952, 678, Table V) from

21 gold coins dating between Tiberius and Julius Nepos, for example, are in

very good agreement with the XRF results collected here. Cope (1972a, 309-

10) records that the neutron activation analysis and the mass spectrographic

analysis of an aureus of Nero returned congruent results – both suggested the

coin only contained 0.5% silver. Furthermore, the proton activation analyses

of 164 Roman gold coins dating between AD 63 and AD 491 collected in Callu

89 There are formalised debasements during the AD 69 Civil Wars, in the mid-third century,

across the first two-thirds of the fourth century, and after approximately AD 450 at Western

mints. Only the AD 69 and mid-third-century debasements resulted in gold coins debased

with significant proportions of copper.

162



et al. (1985, 82-6) are also in good agreement with the XRF data collected

here. The proton activation analysis performed penetrated approximately

200 microns into the gold coins sampled (Barrandon & Poirier et al., 1985,

26), and so agreement with the pattern of the XRF results here suggests that

there is no radical difference between the surface and the bulk compositions

in Roman gold coinage. Finally, Blet-Lemarquand et al. (2015) analysed 12

Augustan aurei using both proton activation analysis – with a penetration

depth of approximately 100 microns – and laser ablation inductively coupled

mass spectrometry (hereon LA-ICP-MS), with a stated penetration depth of

300 microns. The techniques returned almost identical results for all the aurei

analysed. All this suggests that it is unlikely that aurei or solidi were routinely

and deliberately surface enriched during manufacture.

There are, of course, caveats to these various historic experiments.

For example, there can be problems when relying on the comparison

between specific gravity, activation analyses and XRF to show any differences

between the ‘surface’ and ‘core’ of an object. While the results can be

directly comparable for some gold coins (Oddy & Schweizer, 1972), it

would appear that in low purity gold alloys there can be a significant

discrepancy between the three techniques when analysing the same object

(Oddy, 1972). Furthermore, activation techniques provide us with bulk

composition analyses, and so potentially one may miss subtle changes between

the ‘surface’ and ‘core’ of an object. This would have an associated effect on the

reliability of any trace element work performed on the surface of the objects.

Finally, across the studies cited above, the majority of the coins sampled come

from the third century AD onwards, and so further investigation of aurei

from the first and second centuries AD would certainly help to strengthen

the aggregate dataset.

As such, additional experimental work was carried out to investigate

any potential surface enrichment of Roman gold. First, a non-accessioned

aureus of Domitian as Caesar (AD 74-5, RIC II2 787) was destructively

sampled. Three ‘triangle shaped’ sections were taken from the edge of the

coin. The sections cut approximately 2mm into the coin and were 3mm wide,

totalling approximately 9mm3 of gold taken from the coin. The sections

were taken either side of the neck and above the head of the portrait. The

three samples were dissolved in nitric acid and then analysed by micro-flow

injection solution ICP-MS (Holdship et al., 2018) on a Perkin Elmer NexION

350D quadrupole ICP-MS under the supervision of Phil Holdship at Oxford’s

Department of Earth Sciences. The sections ranged from 0.27% silver to 0.29%

silver, with a mean silver concentration of 0.28% (precision ±0.009-0.018).
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XRF analysis of the same coin returned a mean silver concentration of 0.33%

(precision ±0.02, mean absolute error ±0.06). While not identical, the two

results are well within the expected margin of error and level of precision for

both techniques. The copper concentration was below the level of detection

for XRF, but the micro-flow injection analysis returned a copper concentration

of approximately 160ppm. Clearly, this aureus was not surface enriched.

It is not, however, possible to use such aggressively destructive sampling

techniques on museum collections of Roman gold coins. As such, a non-

destructive technique was needed that was also able to differentiate between

the surface microns of a coin and the metal at the very centre of the object.

The technique employed to do this was muonic X-ray emission spectroscopy.

The technique works by implanting negative muons with a known momentum

into a sample, where they are captured and form a muonic atom. The

momentum of the muon enables the control of the implantation depth. For

pure gold this can be 10s of nanometres to 10 mm. This enables a layered

compositional analysis of any material to be determined by simply controlling

the momentum of the muons. The ‘surface’ analyses penetrated approximately

0.01mm into the gold coins and the ‘core’ analyses had an implantation

depth of approximately 0.4mm. The stopping profiles were calculated using

SRIM/TRIM (Ziegler et al., 2010).

The muons are initially captured in a high energy state and then cascade

down to the lowest 1s state. Each cascade results in the emission of an X-

ray, whose energy is dependent upon that of the capturing atom. While a

similar process to that of XRF, the mass of the muon is approximately 207

times that of an electron and results in these muonic X-rays being in the range

of 10s keV to MeV (Measday, 2001). As such, this results in self-absorption

being much less of an issue and enables compositional analysis significantly

beneath the surface. Finally, the muon will decay into an electron and a

neutrino, or will be captured by the nucleus. If the muon is captured, then

a muon and proton reaction can take place and a gamma can be emitted

(along with a neutron). All of these emissions are in the order of 10s keV

up to approximately 8 MeV and can be detected by high purity germanium

detectors. In order to make the identification of the muonic X-rays easier,

elements (purity >99.9%) of the expected significant constituent components

were analysed. In this case: gold, silver and copper. The MAC samples used

in the XRF measurements were also measured and were used to calibrate the

experimental setup, along with a 70:30 gold/silver alloy (Hillier et al., 2019;

Hillier et al., 2015). The identification of elements in the gold coins was

conducted by using the peak parameters from the pure elements and then
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varying the silver to gold ratio. These measurements, alongside the statistics

collected, show that the minimum composition detectable was approximately

1%.

First, three non-accessioned gold coins were analysed: aurei of Tiberius and

Hadrian, and a solidus of Julian the Apostate. The results from the XRF and

the muonic X-ray emission spectroscopy were congruent for the surfaces of

the coins. The aurei of Tiberius and Hadrian were over 99% pure, and both

techniques registered that the solidus of Julian was just over 4% silver on the

surface. Crucially, when the momentum of the negative muons was increased

and the metal being sampled was now approximately 400 microns beneath

the surface, there was no major difference between the results from the

higher-momentum ‘core’ measurements and the lower-momentum ‘surface’

measurements. This is definitive proof that in these coins the surfaces are

representative of the bulk composition, at least when it comes to questions

of deliberate anthropogenic surface enrichment. On the back of this, 12

aurei from the Ashmolean’s collection dating between AD 68 and AD 73 were

analysed using the negative muon technique. The coins sampled included

issues of Galba, Otho, Vitellius and Vespasian. A heavily debased aureus of

Galba (89% pure), Otho (84% pure) and Vespasian (94% pure) were included

in this set, in addition to two further slightly debased (97% pure) aurei of

Vespasian. The other nine coins clustered at approximately 99% pure. Initial

results suggest that in all 12 coins analysed there was no major difference

between the higher-momentum ‘core’ measurements and the XRF analyses

performed on the surfaces of these coins. The initial analysis of these muonic

X-ray emission spectroscopy results suggests that even during the chaotic civil

war period, and periods where impure coins are occasionally being produced

alongside full purity issues, there is no deliberate surface enrichment of the

aureus.

This additional experimental work in combination with the existing

published data creates quite a congruent picture: Roman gold coinage does

not seem to be deliberately surface enriched and the ‘surface’ seems to be

representative of the bulk composition.

The high precious metal content of Roman gold coinage means that the

leaching of base metals is not normally a problem. Aurei and solidi, generally

speaking, were almost entirely gold and the primary alloying metal was

generally silver. Unlike copper, only very small quantities of silver can be

leached out of archaeological gold via corrosion products – normally the

removal of silver from gold requires a deliberate chemical process (Blakelock,

2016, 923-4). The vast majority of the Roman gold coins analysed here
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contained a fraction of 1% of copper. The rate of leaching would have to

be improbably great for there to have ever been a significant proportion of

copper within the majority of the coins analysed. Blakelock (2016, 923,

Table 3) identifies copper leaching in a few gold coins from the Staffordshire

hoard, but these objects were approximately 2% copper to begin with, and

the leaching reduced this on the surface by around 20% in two cases and

40% in another. Given that, outside of periods of formalised debasement,

the aurei and solidi here generally contained less than 0.3% copper, a similar

proportion of leaching would have a negligible effect on the overall picture

of the composition of the coins analysed. There are exceptions, however. For

example, of the coins from the first century AD analysed, an aureus of Galba

and an aureus of Otho were found to be 5.75% and 5.40% copper respectively.

This is a high enough proportion for a leaching of 20% to 40% to negatively

alter how representative the surface is of the bulk composition. Both of these

coins were analysed using muonic X-ray emission spectroscopy, and the initial

results suggest that they are 5-6% copper on the inside as well. It should be

acknowledged that statistical work is still on-going on these particular results

in order to get a more accurate and precise quantification. However, it is

clear there is not a radically different concentration of copper on the surface

compared to the core.

Thankfully, these sort of copper measurements are rare in this data set

and it would appear that surface enrichment, whether deliberate or due to the

burial environment, will generally not be an issue for the gold coins analysed

here. Indeed, the XRF measurements for copper and the results from LA-

ICP-MS, which samples metal from approximately 50 to 100 microns into the

coin, are very congruent (Figure 37) – the only real difference is where the

proportion of copper was below the level of detection for XRF. As such, it does

not appear that there was any significant leaching or surface re-deposition of

internal copper across the dataset. In the case of the two high-copper coins

identified above, the XRF and LA-ICP-MS results are almost identical.

When a percentage figure is presented for a particular element it should

be assumed that this was obtained through XRF unless explicitly stated

otherwise. A catalogue of the coins analysed alongside the XRF results can

be found in Table 19.
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Figure 37: The Concentration of Copper in the Ashmolean’s Roman Gold

Coins Obtained Through XRF and LA-ICP-MS (1% = 10,000 ppm)
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Table 19: Catalogue of the Roman Gold Coins Analysed from the Ashmolean's Collection with XRF 
Results 

          

# Emperor Type Start 
Date 

End 
Date Mint Weight 

(g) 
Au % 
XRF 

Ag % 
XRF 

Cu % 
XRF 

1 Uncertain RRC 44/2 -211 -211 Rome 3.36 99.75 0.25  

2 Julius Caesar RRC 466/1 -46 -46 Rome 7.94 99.61 0.39  
3 Julius Caesar RRC 466/1 -46 -46 Rome 8.14 99.71 0.29  
4 Julius Caesar RRC 466/1 -46 -46 Rome 7.92 99.70 0.26  
5 Julius Caesar RRC 466/1 -46 -46 Rome 8.03 99.68 0.32  
6 Julius Caesar RRC 475/1b -45 -45 Rome 7.98 99.76 0.24  
7 Octavian RRC 490/2 -43 -43 Gallia Cisalpina 8.22 99.79 0.21  
8 Octavian  RRC 490/2 -43 -43 Gallia Cisalpina 8.09 99.68 0.32  
9 C. Vibius Varus RRC 494/34 -42 -42 Rome 8.04 99.95 0.08  

10 Mark Antony RRC 516/4 -41 -41 Uncertain 8.14 99.66 0.34  
11 C. Numonius 

Vaala RRC 514/1 -41 -41 Rome 7.99 99.79 0.21  

12 Q. Voconius 
Vitulus RRC 526/1 -40 -40 Rome 8.05 99.91 0.09  

13 Augustus RIC2 262 -32 -29 Uncertain 7.69 99.61 0.39  
14 Mark Antony RRC 544/4 -32 -31 Uncertain 7.94 99.75 0.20  
15 Augustus RIC2 521 -19 -18 Pergamum 7.78 99.74 0.26  
16 Augustus RIC2 127 -18 -17 Colonia 

Patricia 7.87 99.73 0.24  

17 Augustus RIC2 143 -18 -17 Colonia 
Patricia 7.82 99.42 0.50  

18 Augustus RIC2 140 -18 -17 Colonia 
Patricia 7.72 99.83 0.17  

19 Augustus RIC2 170 -15 -13 Lugdunum 7.82 99.78 0.22  
20 Augustus RIC2 198 -9 -9 Lugdunum 7.75 99.76 0.24  
21 Augustus RIC2 209 -2 4 Lugdunum 7.76 99.89 0.11  
22 Augustus RIC2 209 -2 4 Lugdunum 7.83 99.59 0.34 0.11 

23 Tiberius RIC2 25 14 37 Lugdunum 7.60 99.79 0.21  
24 Tiberius RIC2 1 14 15 Lugdunum 7.61 99.65 0.35  
25 Tiberius RIC2 25 14 37 Lugdunum 7.76 99.51 0.31  
26 Tiberius RIC2 29 14 37 Lugdunum 7.70 99.39 0.61  
27 Tiberius RIC2 29 14 37 Lugdunum 7.80 99.37 0.40 0.13 

28 Tiberius RIC2 29 14 37 Lugdunum 7.74 99.54 0.46  
29 Tiberius RIC2 25 14 37 Lugdunum 7.91 99.82 0.18  
30 Tiberius RIC2 14 28 29 Lugdunum 3.95 99.79 0.21  
31 Caligula RIC2 1 37 38 Lugdunum 7.68 99.41 0.59  
32 Caligula RIC2 7 37 38 Lugdunum 7.75 99.50 0.50  
33 Caligula RIC2 15 37 38 Lugdunum 7.66 99.53 0.47  
34 Caligula RIC2 23 40 40 Lugdunum 7.75 99.74 0.26  
35 Caligula RIC2 27 40 40 Lugdunum 7.85 99.72 0.28  
36 Claudius I RIC2 65 41 45 Lugdunum 7.72 99.73 0.27  
37 Claudius I RIC2 73 41 45 Lugdunum 7.73 99.58 0.42  
38 Claudius I RIC2 7 41 42 Lugdunum 7.62 99.71 0.29  
39 Claudius I RIC2 73 41 45 Lugdunum 7.62 99.72 0.28  
40 Claudius I RIC2 67 41 45 Lugdunum 7.73 98.99 1.01  
41 Claudius I RIC2 38 46 47 Lugdunum 7.76 99.69 0.31  
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# Emperor Type Start 
Date 

End 
Date Mint Weight 

(g) 
Au % 
XRF 

Ag % 
XRF 

Cu % 
XRF 

42 Claudius I RIC2 33 46 47 Lugdunum 7.75 99.81 0.19  

43 Claudius I RIC2 31 46 47 Lugdunum 7.77 99.75 0.25  
44 Claudius I RIC2 80 50 54 Lugdunum 7.56 99.65 0.35  
45 Claudius I RIC2 76 50 54 Lugdunum 7.56 99.79 0.21  
46 Claudius I RIC2 76 50 54 Lugdunum 7.45 99.58 0.28 0.14 

47 Claudius I RIC2 80 50 54 Lugdunum 7.63 99.74 0.22 0.11 

48 Claudius I RIC2 53 50 51 Lugdunum 7.69 99.83 0.17  
49 Claudius I RIC2 78 50 54 Lugdunum 7.65 99.77 0.19  
50 Claudius I RIC2 80 50 54 Lugdunum 7.54 99.64 0.28 0.12 

51 Claudius I RIC2 82 50 54 Lugdunum 7.64 99.83 0.17  
52 Claudius I RIC2 59 50 51 Lugdunum 7.69 99.70 0.30  
53 Claudius I RIC2 80 50 54 Lugdunum 7.57 99.75 0.25  
54 Claudius I RIC2 76 50 54 Lugdunum 7.67 99.85 0.15  
55 Claudius I RIC2 61 51 52 Lugdunum 7.79 99.71 0.29  
56 Nero RIC2 3 54 54 Lugdunum 7.56 99.83 0.17  
57 Nero RIC2 6 55 55 Lugdunum 7.64 99.81 0.19  
58 Nero RIC2 16 58 59 Lugdunum 7.57 99.45 0.55  
59 Nero RIC2 23 60 61 Lugdunum 7.59 99.22 0.78  
60 Nero RIC2 40 63 64 Lugdunum 7.72 99.75 0.21  
61 Nero RIC2 50 64 65 Rome 7.26 99.26 0.74  
62 Nero RIC2 52 64 65 Rome 7.23 99.23 0.37 0.13 

63 Nero RIC2 48 64 65 Rome 7.08 98.90 1.10  
64 Nero RIC2 44 64 65 Rome 7.33 99.36 0.53 0.12 

65 Nero RIC2 52 64 65 Rome 7.22 98.96 1.04  
66 Nero RIC2 46 64 65 Rome 7.23 99.15 0.77 0.11 

67 Nero RIC2 52 64 65 Rome 7.18 99.02 0.85 0.13 

68 Nero RIC2 59 65 66 Rome 7.00 99.57 0.38 0.13 

69 Nero RIC2 59 65 66 Rome 7.17 99.76 0.24  
70 Nero RIC2 63 66 67 Rome 7.19 98.99 0.79 0.13 

71 Nero RIC2 63 66 67 Rome 7.41 99.78 0.22  
72 Galba RIC2 63 68 69 Tarraco 7.67 98.61 1.39  
73 Galba RIC2 164 68 69 Rome 7.29 99.48 0.52  
74 Galba RIC2 203 68 69 Rome 7.07 99.50 0.41  
75 Galba RIC2 169 68 69 Rome 7.20 99.61 0.39  
76 Galba RIC2 215 68 69 Rome 7.34 98.82 0.83 0.34 

77 Galba RIC2 51 68 69 Tarraco 7.60 99.59 0.41  
78 Galba RIC2 148 68 69 Rome 7.31 98.67 0.57 0.76 

79 Galba RIC2 1 
variant 68 69 Tarraco 7.21 89.33 4.92 5.75 

80 Galba RIC2 119 68 69 Narbo 7.42 99.80 0.20  
81 Vespasian  RIC2 1 69 70 Rome 7.29 99.42 0.58  
82 Vitellius RIC2 11 69 69 Tarraco 7.29 98.67 1.20 0.12 

83 Vespasian RIC2 1295 69 70 Tarraco 7.29 97.23 2.77  
84 Otho RIC2 9 69 69 Rome 6.23 99.75 0.25  
85 Vitellius  RIC2 89 69 69 Rome 7.15 99.19 0.74 0.10 

86 Vitellius RIC2 94 69 69 Rome 7.29 99.06 0.72 0.21 
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87 Otho RIC2 9 69 69 Rome 7.20 99.53 0.47  

88 Vitellius RIC2 85 69 69 Rome 6.96 99.56 0.44  
89 Otho RIC2 9 69 69 Rome 7.35 98.52 1.14 0.34 

90 Vespasian  BMCRE II.75 69 79 Uncertain 7.52 93.92 4.02 2.06 

91 Otho RIC2 9 69 69 Rome 5.10 83.66 10.94 5.40 

92 Otho RIC2 22 
variant 69 69 Rome 7.32 99.27 0.65 0.12 

93 Vespasian  RIC2 24 70 70 Rome 6.92 97.50 2.50  
94 Vespasian  RIC2 1110 71 71 Lugdunum 7.16 98.19 1.81  
95 Vespasian  RIC2 1114 71 71 Lugdunum 7.06 97.75 1.95 0.31 

96 Vespasian  RIC2 358 72 73 Rome 7.25 99.17 0.65 0.27 

97 Vespasian RIC2 361 72 73 Rome 7.23 99.06 0.81 0.13 

98 Vespasian RIC2 361 72 73 Rome 7.24 99.10 0.79 0.12 

99 Vespasian RIC2 361 72 73 Rome 7.15 98.77 1.10 0.13 

100 Vespasian RIC2 551 73 73 Rome 7.04 99.00 1.00  
101 Vespasian RIC2 555 73 73 Rome 7.16 99.54 0.46  
102 Vespasian RIC2 540 73 73 Rome 7.28 99.31 0.51 0.17 

103 Vespasian RIC2 696 74 74 Rome 7.05 99.08 0.88 0.14 

104 Vespasian RIC2 707 74 74 Rome 7.24 99.50 0.50  
105 Vespasian RIC2 707 74 74 Rome 7.10 99.42 0.53 0.13 

106 Vespasian  RIC2 787 75 75 Rome 7.24 99.49 0.51  
107 Vespasian  RIC2 769 75 75 Rome 6.92 99.50 0.50  
108 Vespasian RIC2 775 75 75 Rome 5.97 99.50 0.36 0.13 

109 Vespasian RIC2 859 76 76 Rome 7.37 99.66 0.34  
110 Vespasian RIC2 875 76 76 Rome 7.26 99.51 0.42 0.10 

111 Vespasian RIC2 875 76 76 Rome 7.28 99.60 0.40  
112 Vespasian RIC2 954 77 78 Rome 7.11 99.56 0.44  
113 Titus RIC2 17 79 79 Rome 7.18 99.66 0.34  
114 Titus RIC2 358 80 81 Rome 7.25 99.67 0.33  
115 Titus RIC2 265 80 81 Rome 7.19 97.31 2.17 0.51 

116 Titus RIC2 117 80 80 Rome 7.32 99.50 0.41 0.14 

117 Domitian RIC2 143 82 83 Rome 7.76 99.82 0.18  
118 Domitian RIC2 520 87 87 Rome 7.55 99.71 0.29  
119 Domitian RIC2 680 88 89 Rome 7.64 99.69 0.23 0.13 

120 Domitian RIC2 561 88 88 Rome 7.74 99.65 0.35  
121 Domitian RIC2 697 90 91 Rome 7.71 99.59 0.37 0.12 

122 Domitian RIC2 695 90 91 Rome 7.58 99.71 0.29  
123 Nerva RIC 3 96 96 Rome 7.44 99.68 0.32  
124 Nerva RIC 15 97 97 Rome 7.70 99.74 0.26  
125 Trajan RIC 821 98 117 Rome 7.23 99.39 0.61  
126 Trajan  RIC 49 101 102 Rome 7.06 99.57 0.39 0.13 

127 Trajan  RIC 90 103 111 Rome 6.97 99.79 0.21  
128 Trajan  RIC 207 103 111 Rome 7.04 99.66 0.34  
129 Trajan RIC 275 112 114 Rome 7.37 99.72 0.28  
130 Trajan RIC 294 112 114 Rome 7.17 99.77 0.23  
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131 Trajan  RIC 253 112 114 Rome 6.98 99.68 0.28  

132 Trajan RIC 319 114 114 Rome 7.24 99.60 0.40  
133 Hadrian RIC 29 117 118 Rome 7.21 99.33 0.67  
134 Hadrian RIC 24C 117 118 Rome 6.92 99.38 0.62  
135 Hadrian RIC 16 117 117 Rome 7.16 99.29 0.71  
136 Hadrian RIC 43A 118 118 Rome 7.05 99.45 0.55  
137 Hadrian RIC 55 119 122 Rome 7.10 98.17 1.83  
138 Hadrian RIC 91 119 122 Rome 7.26 98.58 1.42  
139 Hadrian RIC 72 119 122 Rome 7.15 99.51 0.49  
140 Hadrian RIC 192D 125 128 Rome 7.28 98.99 1.01  
141 Hadrian RIC 186D 125 128 Rome 6.90 99.45 0.37 0.15 

142 Hadrian RIC 204G 132 134 Rome 7.14 99.54 0.46  
143 Hadrian RIC 296C 134 138 Rome 7.20 99.66 0.27 0.12 

144 Hadrian RIC 280C 134 138 Rome 7.29 99.61 0.39  
145 Hadrian RIC 349E 134 138 Rome 6.84 99.52 0.48  
146 Hadrian RIC 321C 134 138 Rome 7.16 99.54 0.46  
147 Hadrian RIC 251C 134 138 Rome 6.97 99.13 0.39 0.57 

148 Hadrian RIC 433 137 137 Rome 5.74 90.18 5.89 3.93 

149 Hadrian RIC 436C 137 137 Rome 7.06 99.49 0.51  
150 Antoninus Pius RIC 75C 140 143 Rome 6.97 99.50 0.50  
151 Antoninus Pius RIC 349Aa 141 141 Rome 7.35 98.60 1.40  
152 Antoninus Pius RIC 352A 141 141 Rome 7.28 99.69 0.31  
153 Antoninus Pius RIC 356A 141 141 Rome 7.22 99.65 0.35  
154 Antoninus Pius RIC 113 143 144 Rome 7.16 99.73 0.27  
155 Antoninus Pius RIC 109C 143 144 Rome 7.12 99.69 0.23 0.12 

156 Antoninus Pius RIC 147D 145 161 Rome 7.09 99.63 0.30  
157 Antoninus Pius RIC 432A 145 160 Rome 7.24 99.68 0.27  
158 Antoninus Pius RIC 503Ba 145 161 Rome 7.38 99.66 0.34  
159 Antoninus Pius RIC 501 145 161 Rome 7.21 98.81 1.19  
160 Antoninus Pius RIC 494A 145 161 Rome 7.28 98.93 1.00 0.11 

161 Antoninus Pius RIC 445Ac 148 149 Rome 7.20 98.86 1.14  
162 Antoninus Pius RIC 177D 148 149 Rome 7.28 97.96 2.04  
163 Antoninus Pius RIC 199A 150 151 Rome 7.47 98.42 1.58  
164 Antoninus Pius RIC 213 151 152 Rome 7.17 99.62 0.38  
165 Antoninus Pius RIC 213 151 152 Rome 7.20 99.78 0.22  
166 Antoninus Pius RIC 233D 153 154 Rome 7.22 99.82 0.18  
167 Antoninus Pius RIC 464A 154 155 Rome 7.21 99.46 0.54  
168 Antoninus Pius RIC 469A 156 157 Rome 7.16 98.81 1.19  
169 Antoninus Pius RIC 279C 157 158 Rome 7.28 97.01 2.99  
170 Antoninus Pius RIC 313A 160 161 Rome 7.22 99.32 0.68  
171 Lucius Verus RIC 470 161 162 Rome 7.15 99.73 0.27  
172 Marcus Aurelius RIC 717 161 176 Rome 6.71 99.66 0.34  
173 Lucius Verus RIC 487 161 162 Rome 7.24 99.71 0.16  
174 Marcus Aurelius RIC 704 161 176 Rome 7.23 99.49 0.51  
175 Lucius Verus RIC 472 161 162 Rome 7.15 99.63 0.37  
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176 Marcus Aurelius RIC 435 161 180 Rome 7.22 99.83 0.17  

177 Marcus Aurelius RIC 77 162 163 Rome 7.28 99.77 0.23  
178 Lucius Verus RIC 499 163 163 Rome 7.17 99.83 0.17  
179 Marcus Aurelius RIC 127 164 165 Rome 7.19 99.45 0.55  
180 Marcus Aurelius RIC 783 164 180 Rome 7.16 99.44 0.56  
181 Lucius Verus RIC 551 165 166 Rome 7.23 99.30 0.70  
182 Marcus Aurelius RIC 184 168 168 Rome 7.30 99.37 0.63  
183 Marcus Aurelius RIC 616 175 176 Rome 7.23 99.46 0.54  
184 Commodus RIC 287 178 191 Rome 7.23 99.64 0.36  
185 Commodus RIC 275 180 180 Rome 7.26 99.71 0.29  
186 Commodus RIC 40 181 182 Rome 7.31 99.70 0.30  
187 Commodus RIC 164 187 188 Rome 6.90 99.64 0.32 0.10 

188 Commodus RIC 179 188 189 Rome 7.08 99.45 0.46 0.25 

189 Pertinax RIC 11 193 193 Rome 7.24 99.70 0.26 0.11 

190 Septimius 
Severus RIC 536 193 196 Rome 7.38 99.57 0.43  

191 Septimius 
Severus 

RIC 
Caracalla 3 196 196 Rome 7.17 99.67 0.33  

192 Septimius 
Severus RIC 267B 202 210 Rome 7.16 99.81 0.19  

193 Septimius 
Severus RIC 181C 202 202 Rome 7.32 99.65 0.35  

194 Septimius 
Severus RIC 311 202 210 Rome 7.36 99.84 0.16  

195 Caracalla  RIC 265F 215 215 Rome 6.44 98.92 0.86 0.23 

196 Caracalla RIC 264E 215 215 Rome 6.66 99.75 0.20  
197 Caracalla RIC 280A 216 217 Rome 6.41 99.70 0.30  
198 Caracalla RIC 281C 216 216 Rome 6.36 99.68 0.28  
199 Elagabalus RIC 151d 218 222 Rome 6.07 99.65 0.35  
200 Elagabalus RIC 57d 218 222 Rome 6.49 99.65 0.35  
201 Elagabalus RIC 26d 219 219 Rome 6.42 99.59 0.29 0.14 

202 Severus 
Alexander RIC 142d 222 228 Rome 6.36 99.49 0.51  

203 Severus 
Alexander RIC 60d 227 227 Rome 6.26 99.36 0.48 0.16 

204 Gordian III RIC 99 241 243 Rome 5.00 99.56 0.18 0.21 

205 Trajan Decius  RIC 10 249 251 Rome 4.03 99.29 0.41 0.22 

206 Trajan Decius  RIC 16 249 251 Rome 4.30 98.54 1.30 0.16 

207 Trajan Decius  RIC 181 251 251 Rome 4.19 98.09 1.69 0.22 

208 Trebonianus 
Gallus RIC 8 251 253 Rome 5.77 98.47 1.20 0.33 

209 Gallienus and 
Salonina not in RIC 257 258 Lugdunum 2.68 89.99 8.76 1.26 

210 Postumus RIC 1 259 259 Lugdunum 4.94 89.72 7.77 2.51 

211 Gallienus  RIC 446 260 268 Mediolanum 4.65 93.09 6.54 0.36 

212 Postumus  RIC 267 260 269 Cologne 6.62 89.55 8.36 1.41 

213 Gallienus RIC 32 260 268 Rome 3.98 94.08 5.04 0.85 

214 Postumus RIC 30 260 269 Lugdunum 6.23 94.88 4.42 0.70 

215 Gallienus  RIC 74 260 268 Rome 7.11 92.76 5.25 1.59 

216 Gallienus  RIC 70 260 268 Rome 2.93 93.16 5.81 1.43 

217 Gallienus RIC 94 260 268 Rome 2.98 90.72 6.83 2.45 
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218 Gallienus  RIC 25 260 268 Rome 4.25 94.95 4.54 0.51 

219 Gallienus  RIC 81 260 268 Rome 2.83 90.65 8.52 0.83 

220 Postumus  RIC 34 260 269 Lugdunum 5.88 90.78 7.35 1.87 

221 Gallienus  not in RIC 260 268 Rome 1.99 88.16 10.18 1.66 

222 Postumus RIC 3 261 261 Lugdunum 6.67 93.63 5.27 1.10 

223 Postumus RIC 7 263 263 Lugdunum 5.75 94.29 4.74 0.92 

224 Claudius II RIC 176 268 270 Siscia 5.50 89.26 9.43 1.31 

225 Laelian  RIC 1 269 269 Mainz 5.42 92.52 6.20 1.28 

226 Aurelian  RIC 167 270 275 Siscia 3.73 89.63 9.68 0.69 

227 Quintillus RIC 2 270 270 Rome 5.00 90.83 8.70 0.47 

228 Aurelian  RIC 378A 270 275 Antioch 5.40 93.80 5.94 0.26 

229 Aurelian  RIC 166 270 275 Siscia 4.88 89.16 10.06 0.78 

230 Aurelian  RIC 15 270 275 Rome 4.32 88.97 10.36 0.67 

231 Tetricus I RIC 39 271 274 Cologne 3.82 90.72 7.62 1.56 

232 Tetricus I RIC 19 271 274 Cologne 3.73 91.10 5.64 3.26 

233 Tetricus I RIC 6 273 273 Cologne 4.21 87.48 10.26 2.26 

234 Tacitus  RIC 78 275 276 Rome 4.58 97.73 1.95 0.32 

235 Tacitus  RIC 75 275 276 Rome 5.68 95.67 3.50 0.80 

236 Probus RIC 4 276 282 Lugdunum 6.34 98.49 1.29 0.22 

237 Probus RIC 12 276 282 Lugdunum 5.14 98.49 1.20 0.24 

238 Probus RIC 146 276 282 Rome 6.45 99.53 0.47  
239 Probus RIC 825 276 282 Serdica 6.09 97.02 2.53 0.45 

240 Probus RIC 307 276 282 Ticinum 6.39 98.23 1.46 0.31 

241 Probus RIC 143 276 282 Rome 6.03 99.15 0.85  
242 Florian  RIC 24 276 276 Rome 4.28 97.99 1.53 0.48 

243 Probus  RIC 6 276 282 Lugdunum 5.67 93.62 5.10 1.28 

244 Probus RIC 6 276 282 Lugdunum 5.81 95.45 3.82 0.74 

245 Carus RIC 96 282 283 Siscia 4.76 99.14 0.71 0.15 

246 Carus RIC 340 283 285 Rome 4.90 99.26 0.71 0.10 

247 Carus RIC 320 283 285 Cyzicus 4.52 99.26 0.55 0.19 

248 Carus RIC 235 283 285 Rome 4.60 99.13 0.58 0.29 

249 Diocletian  RIC 617 284 294 Antioch 5.50 99.68 0.32  
250 Diocletian  RIC 132 284 294 Rome 4.28 99.77 0.23  
251 Diocletian  RIC 294 284 294 Cyzicus 5.32 99.03 0.97  
252 Diocletian  RIC 140 284 294 Rome 5.37 98.89 1.11  
253 Diocletian  RIC 131 284 294 Rome 4.95 99.31 0.69  
254 Diocletian  RIC 250 284 294 Siscia 5.41 95.44 3.76 0.81 

255 Diocletian  RIC 316 284 294 Antioch 5.08 97.16 1.33 1.52 

256 Carausius  RIC 4 286 293 Londinium 4.52 95.80 3.46 0.73 

257 Carausius  not in RIC 286 293 Londinium 4.54 91.18 5.93 2.89 

258 Allectus  RIC 8 293 296 Londinium 4.40 94.43 4.48 1.09 

259 Allectus  RIC 3 293 296 Londinium 4.44 94.87 4.16 0.97 

260 Diocletian  RIC 3 293 295 Antioch 5.30 98.98 0.90 0.13 

261 Maximian  RIC 1 294 303 Aquileia 5.27 99.50 0.28 0.33 

262 Maximian  RIC 75 295 305 Trier 5.58 99.36 0.64  

173



# Emperor Type Start 
Date 

End 
Date Mint Weight 

(g) 
Au % 
XRF 

Ag % 
XRF 

Cu % 
XRF 

263 Maximian  RIC 86 295 305 Trier 5.26 98.79 1.21  
264 Maximian  RIC 87b 295 305 Trier 5.66 97.16 2.67 0.16 

265 Diocletian  RIC 4 300 303 Thessalonica 5.18 99.54 0.46  

266 Diocletian  RIC 5 300 303 Thessalonica 5.23 99.18 0.82  
267 Maximian  RIC 31a 302 305 Siscia 3.72 99.45 0.55  
268 Maximian  RIC 27a 302 305 Siscia 5.78 97.49 2.30 0.21 

269 Maximian  RIC 12 303 305 Aquileia 5.20 99.61 0.39  
270 Constantius I RIC 627 305 307 Trier 5.23 98.65 1.35  
271 Galerius  RIC 9b 305 306 Serdica 5.18 99.17 0.83  
272 Galerius  RIC 10a 305 306 Serdica 5.34 99.33 0.61 0.18 

273 Constantius I RIC 634a 305 307 Trier 5.40 97.70 2.13 0.17 

274 Galerius  RIC 8a 305 306 Serdica 5.32 98.98 0.73 0.29 

275 Galerius  RIC 17 306 307 Serdica 5.20 99.00 0.81 0.05 

276 Maxentius RIC 141 306 307 Rome 5.52 99.06 0.82 0.12 

277 Licinius I RIC 190 308 309 Siscia 5.52 98.83 0.98 0.13 

278 Licinius I RIC 196 308 309 Siscia 5.57 99.66 0.34  
279 Constantine I  RIC 802 309 313 Trier 6.65 99.09 0.91  
280 Constantine I  RIC 796 309 309 Trier 1.80 99.83 0.17  
281 Constantine I  RIC 824 310 313 Trier 4.51 98.63 1.37  
282 Constantine I  RIC 821 310 313 Trier 4.40 98.83 1.17  
283 Constantine I  RIC 810 310 313 Trier 4.37 98.74 1.17 0.12 

284 Maximinus Daia RIC 127a 310 311 Antioch 5.23 98.19 1.65 0.16 

285 Maximinus Daia RIC 132 311 313 Alexandria 5.12 97.00 2.79 0.21 

286 Constantine I RIC 285a 312 313 Rome 4.06 99.78 0.22  
287 Constantine I RIC 66 312 313 Ostia 4.50 97.90 1.64 0.46 

288 Constantine I RIC 19 313 315 Trier 4.47 99.46 0.54  
289 Constantine I RIC 38 313 315 Trier 1.74 99.46 0.54  
290 Constantine I RIC 9 313 315 Trier 5.48 98.58 1.42  
291 Licinius I RIC 1 313 314 Alexandria 5.40 95.19 4.51 0.30 

292 Constantine I RIC 5 313 315 Trier 5.34 99.68 0.32  
293 Constantine I RIC 29 315 315 Ticinum 4.42 99.58 0.42  
294 Constantine I RIC 30 315 315 Ticinum 4.34 99.44 0.56  
295 Constantine I RIC.25 315 315 Ticinum 4.44 98.88 1.08  
296 Constantine I RIC 38 315 315 Ticinum 4.38 99.01 0.99  
297 Constantine I RIC 87 316 316 Trier 4.43 99.37 0.63  
298 Constantine I RIC 55 316 316 Ticinum 4.44 99.21 0.79  
299 Licinius I RIC 23 317 319 Antioch 5.29 98.63 1.30 0.11 

300 Constantine I RIC 10 317 317 Thessalonica 4.43 97.70 2.13 0.17 

301 Licinius I RIC 20 317 319 Antioch 5.29 98.54 1.11 0.15 

302 Constantine I RIC 9 317 317 Thessalonica 4.46 97.76 2.10 0.15 

303 Constantine I RIC Treveri 
281 320 321 Rome 4.31 98.86 0.99 0.15 

304 Constantine I RIC 101 320 321 Ticinum 4.41 99.66 0.34  
305 Licinius I RIC 33 321 322 Antioch 5.26 98.80 1.16 0.10 

306 Licinius I RIC 41 321 322 Nicomedia 5.17 98.03 1.70 0.27 

307 Constantine I RIC 27 322 322 Sirmium 4.30 97.69 2.12 0.18 
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309 Constantine I  RIC 79 324 325 Nicomedia 4.19 98.64 1.36  

310 Constantine I RIC 135 324 324 Thessalonica 4.38 98.72 1.11 0.17 

311 Constantine I  RIC 100 325 325 Nicomedia 6.66 98.00 2.00  
312 Constantine I RIC 116 325 326 Nicomedia 1.67 97.33 2.50 0.16 

313 Constantine II RIC 112 325 326 Nicomedia 4.45 98.97 0.99 0.11 

314 Constantine I RIC 62 325 326 Sirmium 4.54 97.34 2.41 0.24 

315 Constantine I RIC 190 332 333 Thessalonica 4.38 98.67 1.33  
316 Constantine I RIC 176 335 335 Nicomedia 4.49 99.23 0.77  
317 Constantine I RIC 93 335 335 Antioch 4.44 96.51 3.30 0.19 

318 Constantine I RIC 98 336 337 Antioch 4.41 97.96 1.81 0.23 

319 Constantine I RIC 117 336 337 Constantinople 1.75 98.96 1.04  
320 Constantius II RIC 31 337 347 Antioch 4.53 97.53 2.44 0.11 

321 Constantine II RIC 10 337 340 Trier 4.25 98.51 1.36 0.13 

322 Constantius II RIC 8 337 347 Antioch 4.35 98.00 2.00  
323 Constantius II RIC 25 337 347 Antioch 4.39 97.37 2.45 0.12 

324 Constantius II RIC 25 337 347 Antioch 4.48 97.16 2.72 0.12 

325 Constantius II RIC 4 337 340 Constantinople 4.38 99.80 0.14  
326 Constantius II RIC 35 337 340 Thessalonica 4.26 96.26 3.47 0.27 

327 Constans I RIC 114a 340 350 Siscia 4.54 97.34 2.51 0.15 

328 Constans I RIC 142 340 350 Siscia 2.17 96.97 2.78 0.25 

329 Constantius II RIC 32 340 351 Nicomedia 4.46 97.56 2.44  
330 Constantius II RIC 122 342 343 Trier 4.45 96.95 2.82 0.23 

331 Constantius II RIC 83 347 355 Antioch 4.36 98.78 1.22  
332 Constantius II RIC 139 347 348 Trier 2.13 97.37 2.41 0.23 

333 Constantius II RIC 83 347 355 Antioch 4.34 98.47 1.53  
334 Constantius II RIC 132 347 348 Trier 4.60 96.46 3.41 0.13 

335 Constantius II RIC 90 347 355 Antioch 4.38 96.67 3.22 0.11 

336 Constans I RIC 129 347 348 Trier 4.32 99.23 0.77  
337 Magnentius  RIC 163 350 350 Rome 4.48 96.82 3.10 0.12 

338 Magnentius  RIC 162 350 350 Rome 4.21 97.29 2.57 0.14 

339 Constantius II RIC 151 350 355 Thessalonica 4.52 96.43 3.41 0.16 

340 Constantius II RIC 151 350 355 Thessalonica 4.35 96.49 3.43 0.12 

341 Constantius II RIC 153 350 355 Thessalonica 4.36 95.13 4.80 0.11 

342 Constantius II RIC 96 351 355 Constantinople 4.40 95.62 4.26 0.12 

343 Magnentius  RIC 277 351 353 Trier 4.50 98.30 1.55 0.15 

344 Magnentius  RIC 119 351 353 Lugdunum 4.02 96.80 3.03 0.16 

345 Magnentius  RIC 276 351 353 Trier 3.78 96.10 3.71 0.19 

346 Constantius II RIC 74 351 355 Nicomedia 4.38 97.16 2.72 0.12 

347 Constantius II RIC 6 351 355 Sirmium 4.50 96.73 3.13 0.14 

348 Constantius II RIC 74 351 355 Nicomedia 4.35 98.01 1.81  
349 Constantius II RIC 293 355 357 Rome 4.48 93.60 6.19 0.21 

350 Constantius II RIC 168 355 361 Antioch 4.36 96.76 3.04 0.13 

351 Constantius II RIC 293 355 357 Rome 4.42 95.70 3.81 0.49 

352 Constantius II RIC 234 355 360 Arelate 4.48 96.27 3.52 0.21 

353 Constantius II RIC 233a 355 360 Arelate 4.44 96.29 3.39 0.33 
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354 Constantius II RIC 240 355 360 Arelate 2.21 96.31 3.44 0.25 

355 Constantius II RIC 197 355 361 Thessalonica 4.53 95.35 4.50 0.15 

356 Constantius II RIC 172 355 361 Antioch 4.35 95.86 4.06 0.12 

357 Constantius II RIC 299 357 357 Rome 2.23 95.01 4.24 0.75 

358 Constantius II RIC 300 357 357 Rome 1.69 97.02 2.72 0.25 

359 Julian the 
Apostate RIC 284 360 363 Arelate 4.33 94.04 5.41 0.55 

360 Julian the 
Apostate RIC 94 361 363 Sirmium 4.35 96.32 3.47 0.21 

361 Julian the 
Apostate RIC 195 361 363 Antioch 4.48 97.11 2.77 0.12 

362 Julian the 
Apostate RIC 195 361 363 Antioch 4.44 97.11 2.78 0.12 

363 Julian the 
Apostate RIC 96 361 363 Sirmium 4.01 93.87 5.89 0.24 

364 Julian the 
Apostate RIC 195 361 363 Antioch 4.46 95.90 3.92 0.18 

365 Julian the 
Apostate RIC 94 361 363 Sirmium 4.24 82.97 16.58 0.45 

366 Jovian  RIC 223 363 364 Antioch 3.79 95.83 4.01 0.16 

367 Jovian RIC 223 363 364 Antioch 4.46 95.87 3.98 0.15 

368 Jovian  RIC 126 363 364 Nicomedia 4.43 96.31 3.56 0.13 

369 Procopius RIC 1 364 366 Cyzicus 4.39 97.81 1.77 0.42 

370 Valens RIC 2B 364 367 Antioch 4.45 97.42 2.58  
371 Valentinian I RIC 1G 364 367 Arelate 4.57 96.05 3.78 0.18 

372 Valentinian I RIC 1C 364 367 Arelate 4.33 96.33 3.47 0.19 

373 Valens  RIC 2D 364 367 Antioch 3.98 95.21 4.55 0.23 

374 Valentinian I RIC 1C 364 367 Arelate 4.51 96.40 3.36 0.24 

375 Valens RIC 2A 364 367 Nicomedia 4.45 96.59 3.24 0.16 

376 Valens  RIC 2E 364 367 Antioch 4.37 94.79 4.97 0.24 

377 Valentinian I RIC 3A 364 367 Thessalonica 4.44 97.66 2.34  
378 Valens RIC 2A 364 367 Cyzicus 4.31 94.67 4.92 0.41 

379 Valens  RIC 2D 364 367 Antioch 4.19 96.39 3.48 0.13 

380 Valens RIC 2B 364 367 Nicomedia 4.38 95.63 4.37  
381 Procopius RIC 2A 364 366 Constantinople 4.38 94.75 5.05 0.20 

382 Valens  RIC 2D 364 367 Nicomedia 4.42 94.74 4.87 0.24 

383 Valens  RIC 2D 364 367 Antioch 4.34 95.89 3.98 0.13 

384 Valens RIC 2B 364 367 Antioch 4.36 96.09 3.74 0.16 

385 Valens RIC 2A 364 367 Antioch 4.36 95.36 4.45 0.20 

386 Valens RIC 2B 364 367 Antioch 4.39 96.29 3.56 0.15 

387 Valens RIC 2A 364 367 Antioch 3.98 93.92 5.71 0.37 

388 Valens RIC 2B 364 367 Antioch 4.43 92.94 6.62 0.25 

389 Valens  RIC 3B 364 367 Antioch 1.61 95.37 4.40 0.23 

390 Valens  RIC 2D 364 367 Antioch 4.25 95.00 4.76 0.24 

391 Valens RIC 2C 364 367 Antioch 4.43 94.09 5.62 0.29 

392 Valentinian I RIC 17G 367 375 Trier 3.31 89.70 9.88 0.42 

393 Valentinian I RIC 16B 367 375 Trier 4.48 99.44 0.56  
394 Valentinian I RIC 17E 367 375 Trier 4.49 99.31 0.69  
395 Valens  RIC 16C 367 375 Antioch 4.25 84.67 14.51 0.82 

396 Valentinian I RIC 17B 367 375 Trier 4.47 99.62 0.38  
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397 Valentinian I RIC 17B 367 375 Trier 4.47 99.54 0.46  
398 Valentinian I RIC 17F 367 375 Trier 4.43 99.70 0.30  
399 Gratian  367 375 Trier  99.64 0.29  

400 Valentinian I RIC 17B 367 375 Trier 4.47 99.42 0.58  
401 Valentinian I RIC 15, RIC 

16B 367 375 Trier 4.41 93.58 5.91 0.31 

402 Valens  RIC 22C 367 375 Antioch 4.37 99.35 0.65  
403 Valens RIC 17 367 375 Nicomedia 4.29 94.86 4.94 0.20 

404 Valens RIC 29A 367 375 Constantinople 4.40 96.41 3.45 0.13 

405 Valens RIC 16B 367 375 Nicomedia 4.41 94.09 5.69 0.21 

406 Valentinian I RIC 16D 367 375 Trier 4.44 99.27 0.73  
407 Valens  RIC 22D 367 375 Antioch 4.45 99.42 0.58  
408 Valentinian I RIC 17G 367 375 Trier 4.40 99.47 0.49 0.12 

409 Valens RIC 17 367 375 Nicomedia 4.19 95.55 4.25 0.19 

410 Valens RIC 14 367 375 Nicomedia 4.04 94.43 5.26 0.31 

411 Valens RIC 26B 367 375 Constantinople 4.42 99.90 0.10  
412 Valens  RIC 20E 367 375 Antioch 4.50 95.69 4.31  
413 Gratian RIC 39C 375 378 Trier 4.50 99.61 0.39  
414 Gratian RIC 39E 375 378 Trier 4.45 99.52 0.44  
415 Gratian RIC 39E 375 378 Trier 4.47 99.31 0.69  
416 Gratian RIC 39E 375 378 Trier 4.43 99.42 0.58  
417 Gratian RIC 39C 375 378 Trier 4.05 99.44 0.56  
418 Gratian RIC 39E 375 378 Trier 4.43 99.67 0.33  
419 Gratian RIC 39D 375 378 Trier 4.46 99.19 0.81  
420 Valentinian II RIC 5A 378 383 Mediolanum 4.12 99.71 0.29  
421 Gratian RIC 51, 39C 378 383 Trier 4.32 96.64 3.36  
422 Valentinian II RIC 34A 378 383 Thessalonica 4.36 98.88 1.12  
423 Valentinian II RIC 5F 378 383 Mediolanum 4.40 99.33 0.67  
424 Theodosius I RIC 34J 378 383 Thessalonica 4.52 99.49 0.51  
425 Theodosius I RIC 45E 378 383 Constantinople 4.49 99.26 0.74  
426 Valentinian II RIC 34I 378 383 Thessalonica 4.31 99.18 0.82  
427 Valentinian II RIC 34G 378 383 Thessalonica 4.44 99.56 0.44  
428 Valentinian II RIC 5F 378 383 Mediolanum 4.43 99.21 0.79  
429 Theodosius I RIC 47B 378 383 Constantinople 4.46 99.57 0.43  
430 Theodosius I RIC 44C 378 383 Constantinople 4.45 99.34 0.66  
431 Theodosius I RIC 43B 378 383 Constantinople 4.34 99.04 0.80 0.12 

432 Theodosius I RIC 71A 383 388 Constantinople 4.24 99.33 0.53 0.14 

433 Magnus Maximus RIC 77B 383 388 Trier 4.42 99.67 0.33  
434 Magnus Maximus RIC 2B 383 388 Londinium 4.38 97.33 2.51 0.16 

435 Theodosius I RIC 70c 383 388 Constantinople 4.35 99.25 0.57 0.16 

436 Magnus Maximus RIC 76 383 388 Trier 4.32 95.27 4.59 0.14 

437 Magnus Maximus RIC 79A 383 388 Trier 1.47 95.20 4.76 0.12 

438 Magnus Maximus RIC 76 383 388 Trier 4.43 95.38 4.62  
439 Valentinian II RIC 40B 383 387 Aquileia 4.43 99.64 0.22 0.14 

440 Valentinian II RIC 90B 388 392 Trier 4.48 99.46 0.54  
441 Valentinian II RIC 92A 388 392 Trier 1.19 94.45 5.24 0.30 
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442 Theodosius I RIC 23C 388 393 Mediolanum 1.38 99.28 0.72  
443 Valentinian II RIC 90A 388 392 Trier 4.51 99.54 0.46  

444 Valentinian II RIC 90A 388 392 Trier 4.46 99.42 0.58  
445 Valentinian II RIC 90A 388 392 Trier 4.32 99.23 0.77  
446 Eugenius  RIC 101 392 394 Trier 4.25 99.09 0.53 0.44 

447 Eugenius  RIC 101 392 394 Trier 4.46 99.67 0.33  
448 Theodosius I RIC 14A 393 395 Sirmium 4.27 99.40 0.60  
449 Theodosius I RIC 15A 393 395 Sirmium 4.24 99.35 0.61 0.11 

450 Theodosius I RIC 15D 393 395 Sirmium 4.45 99.40 0.60  
451 Theodosius I RIC 12C 393 395 Sirmium 4.47 99.36 0.60 0.13 

452 Eugenius  RIC 29 393 394 Mediolanum 1.46 99.72 0.28  
453 Theodosius I RIC 35C 394 395 Mediolanum 4.09 99.65 0.35  
454 Theodosius I RIC 35C 394 395 Mediolanum 4.41 99.24 0.76  
455 Theodosius I RIC 35B 394 395 Mediolanum 3.98 99.63 0.37  
456 Theodosius I RIC 35B 394 395 Mediolanum 4.41 99.44 0.56  
457 Theodosius I RIC 35C 394 395 Mediolanum 4.50 99.65 0.35  
458 Theodosius I RIC 35C 394 395 Mediolanum 4.46 99.27 0.73  
459 Arcadius RIC 7 397 402 Constantinople 4.45 98.41 1.46 0.12 

460 Arcadius  RIC 8 397 402 Constantinople 4.45 98.90 1.10  
461 Arcadius  RIC 14 397 402 Constantinople 4.38 99.15 0.85  
462 Arcadius RIC 7 397 402 Constantinople 4.45 99.33 0.67  
463 Arcadius RIC 7 397 402 Constantinople 4.49 99.45 0.55  
464 Arcadius  RIC 33A 403 408 Constantinople 2.24 99.25 0.75  
465 Honorius RIC 1252 404 408 Rome 4.40 99.63 0.37  
466 Honorius RIC 1259 404 408 Rome 1.47 99.15 0.85  
467 Honorius  RIC 1251 404 408 Rome 4.50 99.34 0.66  
468 Honorius RIC 1252 404 408 Rome 4.43 99.31 0.69  
469 Honorius  RIC 1239 407 408 Aquileia 4.46 99.32 0.68  
470 Constantine III RIC 1505 408 411 Lugdunum 4.42 99.78 0.22  
471 Theodosius II RIC 202 408 420 Constantinople 4.35 99.22 0.71 0.10 

472 Constantine III RIC 1512 408 411 Lugdunum 4.46 99.63 0.37  
473 Theodosius II RIC 202 408 420 Constantinople 1.35 98.60 1.25 0.15 

474 Thedosius II RIC 201 408 420 Constantinople 4.31 99.11 0.77 0.12 

475 Theodosius II RIC 202 408 420 Constantinople 4.33 99.52 0.48  
476 Honorius RIC 1325 408 423 Ravenna 4.35 99.06 0.87 0.11 

477 Honorius RIC 1310 408 423 Ravenna 4.46 99.32 0.68  
478 Constantine III RIC 1517 408 411 Arelate 4.47 99.62 0.38  
479 Thedosius II RIC 201 408 420 Constantinople 4.48 99.37 0.63  
480 Constantine III RIC 1515 408 411 Trier 4.46 98.94 0.89 0.17 

481 Jovinus RIC 1708 411 413 Arelate 4.49 99.36 0.64  
482 Attalus RIC 1404 414 415 Rome 4.24 99.09 0.91  
483 Attalus RIC 1403 414 415 Rome 4.46 98.84 1.05 0.12 

484 Thedosius II RIC 212 416 416 Constantinople 1.48 99.18 0.82  
485 Thedosius II RIC 212 416 416 Constantinople 1.47 99.33 0.67  
486 Theodosius II RIC 213 416 416 Constantinople 4.44 99.17 0.71  
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487 Theodosius II RIC 219 420 422 Constantinople 4.40 99.40 0.60  
488 Theodosius II RIC 223 420 422 Constantinople 2.21 99.62 0.29  

489 Theodosius II RIC 219 420 422 Constantinople 4.42 99.39 0.61  
490 Theodosius II RIC 220 420 422 Constantinople 4.18 99.24 0.76  
491 Theodosius II RIC 223 420 422 Constantinople 2.05 98.70 1.06 0.24 

492 Honorius RIC 1333 422 422 Ravenna 4.40 98.88 1.12  
493 Honorius RIC 1343 422 422 Ravenna 1.41 98.99 0.88 0.15 

494 Honorius RIC 1340 422 422 Ravenna 1.15 99.10 0.90  
495 Honorius RIC 1343 422 422 Ravenna 1.45 99.14 0.86  
496 Johannes RIC 1904 423 425 Ravenna 1.49 99.00 0.81 0.20 

497 Johannes RIC 1901 423 425 Ravenna 3.95 99.35 0.65  
498 Theodosius II RIC 365 424 425 Thessalonica 4.35 98.88 1.12  
499 Theodosius II RIC 362 424 425 Thessalonica 4.29 99.35 0.57 0.13 

500 Theodosius II RIC 237 425 429 Constantinople 4.44 99.26 0.74  
501 Theodosius II RIC 251 425 429 Constantinople 1.47 99.44 0.56  
502 Theodosius II RIC 244 425 429 Constantinople 4.33 99.37 0.60 0.10 

503 Valentinian III RIC 2006 425 426 Rome 4.42 98.62 1.20 0.17 

504 Valentinian III RIC 2007 425 426 Rome 4.20 99.12 0.88  
505 Valentinian III RIC 2012 426 430 Ravenna 4.31 99.72 0.28  
506 Valentinian III RIC 2010 426 430 Ravenna 4.49 99.36 0.60  
507 Valentinian III RIC 2068 430 455 Rome 1.41 99.78 0.22  
508 Theodosius II RIC 255 430 430 Constantinople 4.41 99.35 0.65  
509 Valentinian III RIC 2026 430 455 Mediolanum 4.39 99.53 0.47  
510 Theodosius II RIC 257 430 440 Constantinople 4.42 99.72 0.28  
511 Theodosius II RIC 257 430 440 Constantinople 4.37 99.47 0.53  
512 Visigoths RIC 3715 439 455 Gallic Mint 4.33 98.50 1.34 0.16 

513 Theodosius II RIC 281 439 439 Constantinople 1.39 99.22 0.78  
514 Visigoths RIC 3715 439 455 Gallic Mint 4.28 97.02 2.76 0.22 

515 Visigoths RIC 3715 439 455 Gallic Mint 4.28 98.51 1.24 0.25 

516 Theodosius II RIC 345 444 444 Constantinople 1.46 98.96 0.89 0.15 

517 Marcian  RIC 510 450 457 Constantinople 4.46 99.41 0.59  
518 Marcian  RIC 510 450 457 Constantinople 4.40 99.24 0.73 0.11 

519 Marcian  RIC 510 450 457 Constantinople 4.50 99.17 0.83  
520 Marcian  RIC 510 450 457 Constantinople 4.42 99.11 0.89  
521 Marcian  RIC 510 450 457 Constantinople 2.65 99.44 0.56  
522 Avitus RIC 2401 455 456 Arelate 4.42 97.43 1.82 0.75 

523 Majorian Coh. 
viii.223.1 457 461 Arelate  98.06 1.77 0.17 

524 Majorian  RIC 2611 457 461 Ravenna 1.42 98.64 1.14 0.22 

525 Majorian  RIC 2623 457 461 Uncertain 4.38 95.56 3.97 0.47 

526 Visigoths RIC 3739 459 461 Gallic Mint 4.34 96.32 3.42 0.26 

527 Libius Severus RIC 3760 461 470 Gallic Mint 1.43 95.23 4.55 0.22 

528 Libius Severus RIC 2704 462 462 Comitatensian 4.30 99.56 0.44  
529 Leo I RIC 611 462 466 Constantinople 1.49 98.31 1.36 0.33 

530 Leo I RIC 611 462 466 Constantinople 1.48 98.42 1.35 0.24 

531 Leo I RIC 605 462 466 Constantinople 4.43 98.66 1.20 0.15 
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532 Leo I RIC 605 462 466 Constantinople 3.56 99.51 0.49  
533 Leo I RIC 605 462 466 Constantinople 4.47 99.30 0.70  

534 Leo I RIC 605 462 466 Constantinople 4.42 98.16 1.52 0.28 

535 Leo I RIC 605 462 466 Constantinople 4.32 99.38 0.62  
536 Leo I RIC 605 462 466 Constantinople 4.41 99.56 0.44  
537 Leo I RIC 605 462 466 Constantinople 4.40 98.36 1.36 0.28 

538 Libius Severus RIC 2710 462 462 Comitatensian 1.43 97.76 1.95 0.29 

539 Leo I RIC 622 462 466 Thessalonica 4.49 98.62 0.98 0.28 

540 Libius Severus RIC 2707 462 462 Comitatensian 2.14 98.22 1.51 0.21 

541 Anthemius  RIC 2804 467 467 Rome 4.45 98.32 1.07 0.58 

542 Anthemius  RIC 2868 467 472 Ravenna 4.21 97.03 2.43 0.54 

543 Anthemius  RIC 2840 467 472 Rome 2.19 97.25 2.38 0.37 

544 Anthemius  RIC 2823 467 472 Rome 4.37 94.62 5.34 0.11 

545 Anthemius  RIC 2816 467 467 Rome 4.44 97.23 2.36 0.41 

546 Anthemius  RIC 2838 467 472 Rome 2.23 98.57 1.21 0.23 

547 Leo I RIC 634 471 473 Constantinople 2.22 98.74 1.12 0.14 

548 Leo I RIC 634 471 473 Constantinople 2.24 98.71 1.08 0.20 

549 Leo I RIC 635 471 473 Constantinople 1.47 99.34 0.66  
550 Leo I RIC 2535 472 473 Mediolanum 4.39 96.56 3.28 0.16 

551 Glycerius RIC 3110 473 474 Rome 1.34 96.69 2.92 0.39 

552 Leo I RIC 636 473 474 Constantinople 4.48 98.38 1.36 0.25 

553 Julius Nepos RIC 3212 474 475 Ravenna 4.47 97.03 2.46 0.51 

554 Julius Nepos RIC 3220 474 475 Mediolanum 1.43 95.02 4.61 0.37 

555 Leo II & Zeno RIC 803 474 474 Constantinople 4.45 98.06 1.68 0.25 

556 Julius Nepos RIC 3211 474 475 Rome 1.47 96.77 2.86 0.37 

557 Basiliscus RIC 1008 475 476 Constantinople 1.34 99.17 0.71 0.12 

558 Romulus 
Augustus RIC 3409 475 476 Rome 1.46 96.38 3.24 0.34 

559 Basiliscus RIC 1003 475 476 Constantinople 4.44 98.23 1.36 0.42 

560 Basiliscus & 
Marcus RIC 1025 475 476 Constantinople 4.46 99.68 0.32  

561 Romulus 
Augustus RIC 3402 475 476 Rome 4.41 97.37 2.25 0.38 

562 Zeno RIC 3607 476 479 Mediolanum 1.41 94.96 4.81 0.23 

563 Zeno RIC 3607 476 479 Mediolanum 1.44 82.32 16.94 0.67 

564 Zeno RIC 910 476 491 Constantinople 4.44 98.90 0.94 0.16 

565 Zeno RIC 910 476 491 Constantinople 4.38 99.08 0.92  
566 Zeno RIC 3607 476 479 Mediolanum 1.35 93.54 5.73 0.73 

567 Basiliscus RIC 3316 476 476 Mediolanum 1.45 96.48 3.11 0.41 

568 Basiliscus RIC 3314 476 476 Mediolanum 1.23 96.62 2.89 0.37 

569 Zeno RIC 3660 476 491 Rome 1.45 94.65 4.58 0.76 

570 Zeno RIC 910 476 491 Constantinople 4.46 98.74 1.07 0.19 

571 Zeno RIC 914 476 491 Constantinople 1.44 98.39 1.35 0.26 

572 Julius Nepos RIC 3224 477 480 Mediolanum 4.34 98.24 1.53 0.23 

573 Julius Nepos RIC 3230 477 480 Mediolanum 4.26 87.21 12.49 0.30 
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6.2 Laser Ablation Inductively Coupled Mass

Spectrometry

As with XRF, the use of laser ablation inductively coupled mass spectrometry

(LA-ICP-MS) is a well-established technique in archaeological science. Its

ability to accurately and precisely determine the trace element composition

of the object analysed has made it an invaluable technique in provenance

studies. The trace element profiles of the objects analysed can be investigated

and chemical ‘fingerprints’ can be determined. By matching the chemical

‘fingerprint’ of the object analysed with the ‘fingerprints’ of known sources

or production centres, we are able to confidently link object to source. For

example, Shortland et al. (2007) were able to differentiate between Ancient

Egyptian and Mesopotamian glasses based on their trace element profile:

Egyptian glasses were found to have a higher Zr:Ti ratios, and Mesopotamian

glasses higher Cr:La ratios. As a further example, Luo et al. (2015) were

able to combine LA-ICP-MS data from Chinese, Korean and Russian ‘jade’

objects with statistical modelling techniques in order to characterise the jade

produced in each region at a trace element level.

In terms of its application to ancient or historic gold, Blet-Lemarquand et

al. (2015) and Blet-Lamarquand (2006) used this technique to great effect: the

first paper was able to discriminate between late first century BC Roman mints

based on the trace element profiles of the aurei produced, and the second paper

showed that Roman gold was not the primary source for Kushan gold coinage

as the latter coins were platinum-rich whereas contemporary Roman gold

coins were not. Furthermore, Guerra et al. (1999) used platinum, palladium

and gallium to show that Byzantine solidi and Umayyad dinars from the mint

at Carthage were struck with the same gold in the late 7th and early 8th

century AD, and that a trans-Saharan Sudanese gold source was used in North

Africa from the 9th century AD. Gondonneau and Guerra (2002), amongst a

litany of conclusions, identify a high-tin, high-antimony gold ore being used

at the Alexandria mint under the Fatimids, and argue that in Egypt generally

the Fatimids recycled existing Abbasid dinars shortly after their arrival. They

also plot the slow increase of tin in Fatimid dinars struck in Sicily, which is

linked to the slow arrival of a new gold ore coming from West Africa. Finally,

Grigorova et al. (1998) were able to link medieval gold artefacts from the

southern African sites of Mapungubwe, Bosutswe and Thulamela to local gold

sources based on the presence of discriminator elements such as strontium,

bismuth, barium and mercury.
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In addition to this, LA-ICP-MS is used to ‘fingerprint’ modern gold objects

and sources, which is of particular importance when tracking down stolen

gold bullion (Watling et al., 1994). Watling et al. (1994, figs 5-7) were able

to differentiate between the high zinc, palladium and cadmium gold from

the Murchison Goldfields and the high tin, barium and rare earth element

gold from the Eastern Goldfields, both of which were located in Western

Australia. The identification of these ‘fingerprints’ in gold bullion ultimately

led to criminal conviction. Moreover, they also demonstrated how even mines

with generally similar elemental profiles could be discriminated based on the

presence or absence of key elements – in their examples these key elements

included antimony and bismuth. Finally, Gauert et al. (2016) found that a

number of elements were effective discriminators in their analyses of a few

relatively close South African gold sources – these discriminator elements

obtained by LA-ICP-MS included manganese, nickel, tellurium, antimony, iron

and lead among others. Given all this and the above, the use of LA-ICP-MS

to investigate Roman production techniques and metal sources is particularly

appropriate.

The LA-ICP-MS measurements were conducted on a Perkin Elmer NexION

quadrupole mass spectrometer coupled to a New Wave Research UP213

Nd:YAG laser at the University of Oxford’s Department of Earth Sciences. In

total 573 Roman gold coins from the Ashmolean’s collection were analysed

on this set-up. Custom sample holders were designed and built alongside the

museum’s conservation department, which were able to keep approximately

40 coins held vertically within the laser ablation chamber so that edges of the

coin could be sampled. By sampling the edges rather than faces of the coins,

the detrimental effect of destructive sampling on the aesthetic of the coin could

be kept to a minimum. However, because of this, the full collection could not

be analysed as some of the larger ‘multiples’ or ‘medallions’ were too large to

fit in the sample holder efficiently. These remaining pieces needed to be placed

into the ablation chamber one-by-one and would have taken up multiple days

of analysis. Each analysis day required the presence of a museum curator,

a second staff member for transport and in some cases additional insurance

premiums; as such, the analysis of these coins was not an efficient use of the

museum’s or the project’s (limited) resources.

The LA-ICP-MS technique itself works by focusing a laser beam on the

surface of the sample. This generates an aerosol consisting of fine particles

from the sample analysed. This is then flushed out of the ablation chamber

using a carrier gas – helium in this case – and taken to the plasma torch.

The inductively coupled plasma torch uses an electric current produced by
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electromagnetic induction to create a stream of plasma from argon gas. The

plasma is an extremely hot ‘gas fireball’ consisting of argon atoms, ions and

free electrons. When the aerosol consisting of the ablated sample is passed

through the plasma torch the molecules in the sample break apart and the

constituent atoms are then ionised, with the aim being to produce ions with

a single charge. A small proportion of these ions are then filtered through

sampler and skimmer cones – the point of which are to provide small enough

openings so that a vacuum can still be maintained beyond them – and then

the ion optics extract a beam of positive ions that is focused into the mass

spectrometer. In this case a quadrupole mass spectrometer was used. The

ion beam is passed through the middle of four electrically charged rods – the

quadrupole – that, depending on the voltage applied, will only allow ions

with a certain mass-to-charge ratio through to the detector. The number of

counts over time for ions of each mass-to-charge ratio reaching the detector is

recorded, which is proportional to the relative abundance of each element in

the sample.

A beam diameter of 50 µm was used for all coins. This resulted in a crater

that was approximately 0.05mm, which is barely visible with the naked eye

and often smaller than some of the imperfections on the edges of the gold

coins analysed. The craters themselves were approximately 80 to 100 microns

deep. Three spots were analysed on each coin. The analysis of each spot on

a coin involved determining the background counts for the first 20 seconds

of each 60-second analysis. Counts were then collected for the mass of each

isotope during the 40 second period of ablation. The effect of any background

interference was minimised by including a c. 40-second ‘wash-out’ period

between each spot analysed. Raw counts were collected on the ICP-MS in peak-

hopping mode and displayed in time-resolved format. The following isotope

masses were counted: 32S, 47Ti, 51V, 52Cr, 55Mn, 56Fe, 59Co, 60Ni, 63Cu, 66Zn,
69Ga, 73Ge, 75As, 77Se, 95Mo, 97Mo, 101Ru, 103Rh, 105Pd, 107Ag, 111Cd, 113In,
115In, 118Sn, 121Sb, 125Te, 183W, 185Re, 193Ir, 194Pt, 195Pt, 203Tl, 205Tl, 208Pb

and 209Bi. Yields were calibrated on a NIST 610 glass standard, which was

the primary standard used. A USGS glass standard - BCR-2G - was used as a

secondary standard to monitor the accuracy of the calibration. Every nine to

eighteen spots analysed all the standards were re-analysed in order to avoid

calibration drift; fewer spots were analysed between the re-analysis of the

standards at the beginning of the analyses as this is when the potential drift

was at its greatest. Silver was used as the internal standard for all the coins

analysed as all the gold coins in the museum’s collection consisted of at least

c. 0.1% silver. The silver content of each coin was determined through XRF.
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For the data reduction process the LADR software package90 was used. This

package was able to identify and remove transient spikes in the spectra, correct

for interferences, take account of secondary standards to correct for matrix

effects, and calculate the margin of error for the analytical totals returned.

The use of a non-matrix matched standard – commonly a NIST 610 or 612

standard - alongside an internal standard determined by a second technique

is a well-established analytical protocol (Resano et al., 2010). It has been used

for the study of ancient glass (Shortland et al., 2007), human dental remains

(Cucina et al., 2007), medieval pottery (Duwe & Neff, 2007), pre-historic

pigments (Resano et al., 2007) and renaissance silver coins (Gentelli, 2019).

Of these examples, Gentelli’s (2019) is probably the most similar study to the

work conducted here and is also the most recent – it involved normalising the

counts per second data against a NIST 612 standard and using a NIST 610

standard to check for instrument drift. This is very similar to the procedure

followed here for the analysis of the gold coins.

While a large variety of isotope masses have been counted gold (Au) is

conspicuous by its omission. Not determining the major element composition

of the sample by ICP-MS is not unusual. Gentelli (2019) did not count

silver when analysing silver coins and both Gondonneau and Guerra (2002)

and Guerra et al. (1999) when analysing gold determined major element

composition through proton activation analysis, and then used AuAr+ as the

internal standard. Indeed, the rationale for this expressed by Gondonneau and

Guerra (2002) was that gold, being a mono-isotopic element, was present in

too high a concentration to be counted at the same time as the trace elements.

When an attempt by the author to count gold at the same time as the trace

elements on test samples was made at Oxford’s Department of Earth Sciences,

it was observed by the technician that the high concentration of gold interfered

with the effective operation of the skimmer cones. Furthermore, Guerra and

Calligaro (2004, Tables 5-6) have shown that ICP-MS can produce quite erratic

results for the gold content of c. 90% pure gold reference samples when

compared to proton activation analysis; based on these results they state that

major elements must be determined by another technique. While LA-ICP-MS

is a trace element technique, it should be acknowledged that better results

are achieved when very high purity gold is analysed. Guerra and Calligaro’s

(2004) most congruent results were on a 98.2% pure gold sample and Blet-

Lemarquand et al. (2015, Table 1) had essentially identical proton activation

analysis and LA-ICP-MS results when measuring >99.5% pure Augustan gold

90 https://norsci.com/?p=ladr
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coins. While most of the gold coins in this data set are very high purity, periods

of noticeable debasement are covered and, as such, erratic results for those

coins would be expected. Given all of this, the decision was made not to

attempt to determine gold concentration at the same time as the rest of the

isotopic masses.

The quality of LA-ICP-MS results is routinely assessed through the use

of an ‘uncertainty’ figure, most commonly expressed at the 2 sigma (2σ )

level for each individual data point or using 95% confidence interval for a

population (Lin et al., 2016). The LADR software package is able to calculate

the uncertainty for each of the isotope masses measured on each spot analysed,

taking into account a range of possible sources of error. The degree of

uncertainty can then be expressed from a 1 to 5 sigma level – the 2 sigma

level was used here. There are a variety of sources of uncertainty in LA-

ICP-MS that include: the precision of the signal; the quantification precision

observed on the calibration standards; the uncertainty from the misfit of

the calibration model; the uncertainty associated with the heterogeneity of

the analyte element and the internal standard element within the calibration

standards; the variation of the secondary standard correction factor over the

length of the analytical session; and the uncertainties associated with the

known values of the analyte mass and the internal standard element within the

calibration standard. The ‘full analytical uncertainty with secondary standard

correction’ option91 within the LADR package takes into account all of these

known sources of uncertainty, producing a comprehensive 2σ uncertainty

value for every data point. Generally speaking, the uncertainty for the

elements most heavily used here as discriminators range from approximately

13% to 30%. As such, the strongest conclusions will be based on elemental

concentrations that are substantially different.

Given that there are many established international researchers and

research groups involved in archaeometallurgy using a variety of analytical

set-ups and procedures, it is important to be able to show replicability

of results when a new experimental procedure is used. A piece of gold

analysed via LA-ICP-MS at the Centre National de la Recherche Scientifique

laboratories by Dr. Maryse Blet-Lemarquand was kindly provided to the

author for this purpose. The fragment itself was rich in platinum and

palladium, although the dispersal of these inclusions in the matrix of the

sample was not totally homogeneous. Dr. Blet-Lemarquand took 16 micro-

samples across 10 days of LA-ICP-MS analysis and returned a figure of

91 See LADR manual - https://norsci.com/?p=ladr-support
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7.9ppm for palladium and 209ppm for platinum, giving a pt:pd ratio of

approximately 26:1. The author analysed five different areas of the fragment

(to account for potential heterogeneity in the sample), analysing three spots in

each area using the experimental procedure outlined above. The palladium

results ranged between 7ppm and 8ppm and the platinum results ranged

between 184ppm and 212ppm. The mean palladium figure returned from

the fragment was 7.6ppm and the mean platinum figure was 198ppm of

platinum, giving a pt:pd ratio of approximately 26:1. As such, the quantitative

results for platinum and palladium have, broadly speaking, been replicated by

the author’s experimental procedure and the pt:pd ratio has been replicated

almost identically.

When a parts-per-million (ppm) figure is presented for a particular element

it should be assumed that this was obtained through LA-ICP-MS unless

explicitly stated otherwise. The results can be found in Table 20 – the coin

number refers to the corresponding coin number in the catalogue found in

Table 19. The median 2σ uncertainty for each element, based the entire corpus

of analyses, is expressed as a relative percentage at the bottom of Table 20.
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Table 20: The LA-ICP-MS Results of the Roman Gold Coins Analysed from the Ashmolean's Collection 

Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

1 30.55 7.36 238.32 6.64 654.73 23.26 2.37 2.39 12.68 2494.30 6.19 0.49 0.35 296.57 20.41 0.35 
2 51.66 15.28 798.50 7.93 365.83 17.33 1.56 0.85 66.69 3907.00 33.66 6.90 0.32 165.16 27.80 0.30 
3 29.59 28.91 3280.25 6.08 283.92 30.51 1.93 0.85 37.66 2935.50 7.22 0.88 0.24 149.73 35.60 0.23 
4 87.15 43.25 1992.86 6.19 331.70 31.12 4.80 1.03 93.42 2617.33 33.05 6.99 0.42 241.00 96.83 0.33 
5 46.11 39.01 1153.31 4.23 443.87 31.54 1.18 1.95 99.52 3184.67 12.27 1.60 0.26 259.11 27.71 0.13 
6 71.22 11.75 1026.81 4.59 352.01 21.36 1.86 1.08 117.45 2409.67 10.01 0.72 0.28 208.68 23.11 0.14 
7 54.79 13.63 341.48 2.62 137.79 10.72 1.12 0.98 27.82 2108.33 3.45 0.21 1.25 191.17 10.35 0.10 
8 48.20 16.82 476.35 3.43 181.31 26.41 0.88 1.41 33.89 3154.00 6.52 0.35 0.17 244.97 16.12 0.23 
9 54.25 21.93 727.63 4.76 114.65 55.66 0.71 1.61 65.19 814.00 5.26 0.39 0.53 302.92 42.90 0.25 

10 62.97 6.74 780.16 9.55 578.30 42.68 6.42 0.59 59.11 3383.00 4.30 0.44 0.58 124.71 12.88 0.17 
11 24.67 11.53 365.01 4.04 319.67 52.86 0.36 1.36 43.16 2117.70 7.54 0.28 0.18 215.60 129.25 0.20 
12 59.71 19.68 838.15 7.08 1449.66 33.00 1.17 0.38 120.50 943.00 5.70 0.46 0.22 147.26 31.14 1.25 
13 1.47 0.04 0.08 3.32 527.54 1.45 DL 0.76 47.58 3945.00 14.33 6.37 0.16 47.37 14.96 0.21 
14 127.32 23.20 529.69 57.02 1783.77 99.39 2.62 3.29 59.10 1985.00 12.49 0.73 1.31 865.53 351.70 1.23 
15 49.08 10.69 393.03 3.53 169.76 31.44 3.32 2.05 20.15 2646.00 7.43 0.99 0.13 272.61 34.91 0.28 
16 92.23 15.65 265.97 2.15 39.77 71.71 0.83 0.02 1.55 2382.70 77.80 0.39 0.86 8.47 20.25 0.24 
17 86.39 58.53 4416.59 10.24 90.67 154.68 6.19 0.04 4.70 5043.30 48.37 1.36 0.70 12.42 48.83 0.92 
18 132.53 68.66 221.93 5.41 30.33 56.84 2.20 0.09 1.74 1696.00 13.91 0.47 0.81 31.52 4.58 0.32 
19 155.72 18.48 13.33 83.34 598.76 127.22 95.22 9.00 804.00 2225.33 437.78 152.99 DL 2510.73 271.72 2.26 
20 268.94 149.27 2571.51 6.48 211.26 2574.58 6.19 DL 1.52 2424.30 13.74 1.07 1.03 2.32 31.62 0.70 
21 6.11 0.56 0.10 2.75 10.18 4.59 DL 0.03 1.35 1127.33 7.93 0.17 0.18 4.80 11.94 0.29 
22 8.84 0.18 0.06 DL 13.56 13.21 DL 0.09 17.71 3402.00 3.66 0.36 1.77 7.30 6.90 0.50 
23 4.03 0.24 0.06 2.25 14.24 2.81 1.48 0.01 1.31 2071.00 5.70 0.46 0.19 2.74 2.28 0.06 
24 93.28 36.57 566.18 5.79 19.18 11.74 1.15 0.03 1.53 3521.30 8.71 0.24 0.32 12.49 12.32 0.32 
25 193.43 52.46 582.07 5.16 68.69 45.07 1.56 0.04 1.49 3100.33 8.23 0.18 0.50 5.19 4.39 0.05 
26 4.18 0.25 0.08 3.62 34.28 0.66 DL 0.04 7.21 6139.33 2.39 0.15 0.15 8.18 1.04 0.10 
27 3.78 0.29 0.04 2.59 15.36 0.95 DL 0.13 41.99 4031.67 8.08 0.23 0.25 12.83 5.18 0.61 
28 5.18 0.64 0.08 2.38 19.79 1.36 1.28 0.41 455.58 4567.00 16.47 0.49 0.36 99.92 6.69 1.18 
29 70.38 14.03 206.36 3.99 26.15 21.35 0.97 DL 0.40 1848.00 9.15 0.20 0.14 2.76 3.67 0.13 
30 97.57 46.49 447.32 4.97 33.50 61.52 1.38 0.03 2.83 2076.00 9.40 0.23 0.62 9.34 13.38 0.25 
31 52.32 23.16 248.43 3.13 84.24 9.21 0.84 0.02 15.98 5947.70 9.51 0.58 0.20 9.57 9.64 0.61 
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Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

32 42.13 18.75 339.78 4.22 108.57 28.26 1.73 0.05 4.66 4968.70 9.45 0.95 0.48 9.17 14.63 0.83 
33 54.20 29.06 210.19 4.59 37.53 15.73 1.45 DL 0.79 4713.30 4.32 1.69 0.35 1.28 8.37 0.16 
34 91.39 47.62 348.38 3.79 16.68 7.12 0.77 0.01 0.92 2589.00 6.95 0.23 0.24 2.69 1.74 0.07 
35 89.04 53.92 411.05 4.28 180.89 31.51 1.15 0.41 237.74 2776.33 15.16 3.19 DL 117.40 26.59 1.45 
36 47.63 11.20 86.99 2.34 45.97 2.18 1.98 0.02 20.77 2743.33 2.69 0.08 DL 1.80 3.11 0.06 
37 68.38 15.21 556.24 3.82 17.43 3.04 0.73 0.02 0.66 4239.33 2.64 0.17 0.21 9.54 23.25 0.25 
38 50.45 33.96 389.81 3.04 249.61 19.38 0.52 0.06 25.13 2914.00 5.02 0.31 DL 13.99 12.37 0.23 
39 75.48 57.55 306.95 3.36 32.68 18.69 1.19 0.12 139.19 2756.00 3.93 0.38 0.19 71.55 10.40 0.23 
40 50.32 17.80 618.83 4.81 1634.79 22.26 1.82 0.59 35.91 10093.70 43.85 5.04 0.36 56.15 129.07 13.97 
41 86.17 93.47 366.61 6.50 79.34 17.44 1.51 0.05 6.67 3141.33 11.69 0.81 DL 9.16 17.83 0.25 
42 63.59 42.42 454.48 8.11 495.15 30.74 3.43 0.09 9.89 1866.00 216.28 25.77 0.27 30.62 12.54 0.26 
43 50.92 14.99 63.11 1.63 19.48 18.78 0.69 DL 3.28 2502.70 6.76 0.18 0.15 0.64 6.75 0.16 
44 54.35 15.67 423.36 3.80 386.66 7.90 1.54 0.04 7.79 3524.67 19.28 1.59 0.19 5.38 13.52 0.42 
45 96.97 91.99 1659.77 17.25 329.15 65.40 6.16 0.04 4.21 2140.00 83.18 1.62 0.40 9.38 82.92 2.18 
46 54.67 18.58 189.98 4.98 2120.03 633.06 1.65 0.05 9.96 2825.70 210.28 17.57 DL 12.19 11.67 0.39 
47 9.86 5.25 72.85 0.64 156.28 2.78 0.13 0.06 43.77 2189.30 8.79 0.19 0.02 17.71 32.98 1.43 
48 69.23 16.82 395.99 10.53 625.05 20.37 1.01 0.06 10.20 1728.33 134.38 10.04 DL 29.90 4.05 0.08 
49 98.09 43.64 769.60 12.60 179.02 28.06 3.04 0.07 17.07 1929.00 452.18 49.94 0.82 37.49 38.49 0.46 
50 52.34 16.95 230.36 5.87 1358.25 324.97 2.56 0.07 28.44 2760.67 121.57 16.53 DL 30.42 3.60 0.15 
51 70.66 26.82 582.63 7.31 536.92 8.82 2.82 0.16 26.19 1695.00 204.27 19.24 DL 81.38 18.07 0.79 
52 93.97 31.22 694.28 11.22 545.61 16.29 4.36 0.28 47.75 3018.70 887.32 113.17 0.69 132.09 44.31 1.37 
53 96.25 29.15 94.93 2.54 20.39 4.14 2.54 DL 3.38 2488.33 1.60 0.10 DL 9.74 5.71 0.11 
54 86.86 18.10 109.84 2.57 26.45 7.42 1.85 DL 0.82 1539.33 5.09 0.17 0.31 2.00 3.16 0.13 
55 110.89 37.94 683.94 6.55 77.82 42.32 2.95 0.04 3.15 2938.70 50.07 2.77 1.00 10.83 44.66 1.68 
56 64.11 9.00 118.89 2.01 81.83 4.77 0.55 0.02 2.23 1722.67 10.54 0.84 1.06 3.23 1.60 0.06 
57 44.93 16.51 985.09 2.93 55.90 5.81 2.60 0.01 5.44 1899.00 1.81 0.10 0.18 5.22 22.92 3.49 
58 38.99 7.00 137.76 1.72 21.54 2.74 0.74 DL 0.98 5492.33 18.76 0.26 DL 2.27 3.18 0.08 
59 45.87 15.12 213.01 1.55 263.36 13.92 0.79 0.09 30.64 7803.67 4.25 0.24 0.18 24.73 24.23 2.36 
60 97.22 20.74 230.79 4.70 33.97 10.96 1.89 0.02 1.82 2123.30 7.19 0.47 0.38 5.77 34.66 0.29 
61 27.26 16.68 399.09 6.03 443.00 10.23 0.67 0.02 8.50 7420.30 212.42 32.04 0.15 9.59 23.60 0.56 
62 71.69 14.97 472.20 2.59 1052.84 17.33 1.85 0.03 3.40 3709.00 14.77 0.29 0.44 7.78 28.10 0.39 
63 97.98 20.75 574.47 4.44 92.97 11.19 2.53 0.05 3.87 10964.67 6.03 0.35 DL 4.69 30.40 1.67 
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Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

64 47.02 9.03 301.14 1.53 1492.88 10.71 0.59 0.09 12.40 5273.00 28.19 0.78 DL 20.31 55.87 3.99 
65 37.21 11.97 652.52 2.40 496.72 8.70 1.77 0.11 43.86 10360.70 14.99 3.88 0.09 32.20 34.47 0.69 
66 174.36 65.72 1278.74 20.07 3994.07 157.75 16.86 0.17 15.63 7742.30 633.21 62.90 0.84 43.34 230.31 1.69 
67 31.30 11.94 541.00 3.99 1194.83 42.03 0.81 0.46 23.04 8517.33 18.82 1.50 0.19 69.73 29.41 0.43 
68 96.45 27.40 209.41 4.39 203.38 14.76 2.38 0.10 51.23 3835.67 55.90 10.79 DL 30.99 18.66 1.10 
69 60.67 18.30 495.18 5.69 417.09 12.28 1.17 0.36 20.95 2384.30 132.58 6.02 DL 74.29 31.09 1.21 
70 280.56 12.71 2176.11 5.02 1016.41 DL 2.48 0.04 7.86 7894.70 512.67 7.77 2.96 2.49 89.19 0.39 
71 28.75 10.14 151.38 2.51 292.03 7.71 0.54 0.30 23.75 2245.30 6.41 0.48 0.13 56.42 22.37 0.23 
72 31.66 9.60 842.38 5.76 137.57 6.15 3.01 0.01 0.71 13851.70 52.69 4.12 DL 0.78 13.58 0.29 
73 36.89 7.63 357.99 2.58 547.49 11.63 0.55 0.05 12.07 5213.30 44.42 2.38 0.08 10.72 33.69 0.56 
74 31.74 3.99 498.48 1.54 318.14 11.45 0.58 0.06 12.10 4117.10 102.35 2.03 0.64 15.46 108.66 2.02 
75 54.25 13.04 881.44 3.19 471.72 34.99 5.01 0.08 21.51 3857.67 27.33 0.91 0.39 23.31 52.18 0.59 
76 30.72 6.63 139.75 1.52 4258.68 10.23 0.78 0.22 29.18 8337.00 30.95 1.39 DL 42.04 115.08 1.14 
77 51.63 53.08 171.77 1.37 182.25 5.02 0.76 0.29 183.22 4054.30 14.41 0.25 DL 51.97 13.74 0.41 
78 26.19 12.89 70.38 1.32 8190.89 81.04 4.89 0.46 40.25 5706.70 6.40 0.77 0.08 403.12 63.65 0.14 
79 10.54 0.27 46.66 10.69 54759.60 67.00 1.53 3.83 216.71 49235.30 28.41 33.77 0.24 343.96 163.42 9.69 
80 44.11 4.00 64.26 1.03 4.64 3.15 DL DL 0.74 1980.00 3.16 0.04 0.10 1.14 1.04 0.03 
81 58.85 2.11 305.14 1.68 197.72 3.16 3.22 0.02 2.78 5780.70 4.51 0.16 4.25 0.35 50.30 0.36 
82 57.18 11.49 615.24 2.69 235.27 12.05 1.27 0.03 7.17 12026.33 37.31 3.43 0.23 7.30 54.49 2.12 
83 28.40 4.51 120.30 2.44 157.32 3.51 1.25 0.03 1.60 27731.20 30.71 7.52 0.10 4.27 290.29 0.47 
84 96.41 7.65 2299.34 4.13 210.38 20.93 1.29 0.04 1.57 2459.00 273.56 6.61 2.22 3.30 105.68 1.83 
85 38.50 6.67 514.77 2.09 1064.55 38.18 1.08 0.12 28.18 7432.00 107.42 3.22 2.20 28.87 80.50 3.77 
86 57.72 9.01 1053.10 2.34 2051.15 19.42 1.13 0.15 21.32 7248.67 55.55 1.02 DL 25.55 133.56 0.73 
87 47.82 8.14 464.55 1.41 545.32 11.20 1.70 0.15 28.83 4692.70 56.13 1.29 0.17 36.84 116.23 0.73 
88 107.30 3.65 233.96 1.76 714.14 3.11 0.75 0.28 65.57 4409.00 19.21 0.89 0.38 74.45 139.11 0.29 
89 54.05 8.52 285.65 2.45 1235.69 19.41 0.80 0.56 41.84 11412.30 14.23 0.31 0.99 105.36 4.81 0.16 
90 9.01 0.76 41.75 2.04 22978.27 5.54 1.18 0.72 22.09 40169.70 6.30 0.62 0.25 96.68 21.25 3.24 
91 13.93 20.44 185.33 11.97 60989.83 4.78 0.69 1.08 17.72 109402.70 8.92 12.89 0.24 44.48 34.56 1.51 
92 39.94 5.37 463.62 5.22 255.40 9.05 0.65 16.76 47.61 6494.70 40.40 13.53 0.30 1764.70 11.58 0.17 
93 37.88 4.85 179.68 1.68 105.58 11.92 DL 0.01 0.63 24951.70 4.35 0.24 0.18 1.59 10.68 0.09 
94 30.66 11.97 276.47 2.44 602.46 9.25 0.62 0.05 19.03 18114.30 19.38 2.06 0.33 16.37 35.93 4.23 
95 25.97 14.99 429.07 3.62 2361.81 53.62 5.55 0.10 27.38 19483.70 68.21 3.91 0.20 29.79 31.60 2.80 
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Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

96 3.84 0.06 1.01 2.61 395.13 1.83 2.13 0.07 4.72 6511.33 66.44 2.90 1.52 5.27 48.65 0.82 
97 38.60 17.06 347.30 2.80 1290.80 14.79 1.02 0.09 19.61 8137.33 45.36 4.11 0.23 22.84 39.14 2.20 
98 41.83 17.08 253.30 2.44 835.01 15.65 1.24 0.09 23.57 7874.33 39.86 5.47 0.30 19.46 38.04 3.93 
99 44.10 15.20 279.45 2.92 1082.34 12.61 1.07 0.11 22.67 10978.70 31.72 3.89 0.13 24.35 37.08 3.97 

100 36.65 7.18 174.70 2.33 95.20 4.36 0.89 0.01 0.40 10034.00 11.95 0.24 0.14 2.33 6.10 0.07 
101 30.58 12.57 216.23 2.89 104.69 7.85 1.27 0.02 15.38 4604.00 28.86 3.40 0.20 11.08 7.29 0.55 
102 287.91 323.98 5440.04 24.92 170.97 43.49 4.33 0.15 7.42 5119.00 22.90 1.09 1.56 6.17 52.81 0.50 
103 148.55 32.64 719.77 5.60 106.10 21.73 1.98 0.03 13.41 8786.67 16.89 1.53 0.33 10.26 66.49 0.80 
104 69.33 9.95 119.52 2.06 44.22 6.68 1.06 0.04 6.52 4973.70 5.84 0.85 0.26 7.99 4.46 0.18 
105 73.10 20.60 376.87 3.39 289.33 13.51 1.55 0.06 29.64 5324.67 48.20 5.23 0.35 22.01 33.80 2.04 
106 28.08 10.09 432.40 2.76 49.33 6.02 1.87 0.01 0.64 5051.30 8.00 0.13 0.15 2.22 9.37 0.06 
107 42.72 15.56 404.83 3.34 221.69 19.15 1.24 0.06 21.43 4988.70 60.15 4.91 0.28 18.69 47.79 2.25 
108 68.82 20.62 313.84 3.36 199.53 14.72 1.60 0.07 26.33 3640.00 41.71 7.47 DL 23.87 37.69 1.28 
109 49.96 16.91 258.23 3.07 242.86 43.02 0.58 0.07 32.16 3391.70 36.21 3.50 0.15 25.28 12.38 0.54 
110 58.59 22.54 508.45 3.90 331.48 22.77 1.29 0.08 34.04 4175.00 45.53 7.40 0.38 29.22 51.40 1.22 
111 43.47 19.91 554.10 3.29 258.72 14.80 1.46 0.13 39.45 4019.30 44.55 5.42 0.30 31.10 59.63 1.29 
112 74.46 29.80 400.17 3.90 201.90 22.90 1.02 0.08 50.13 4367.70 49.58 6.60 DL 36.06 29.86 0.97 
113 79.55 26.21 1495.30 2.59 206.40 93.46 1.63 0.04 2.05 3409.67 64.55 0.67 0.45 4.00 501.75 1.66 
114 82.47 20.90 405.84 4.55 224.95 14.71 1.35 0.07 35.46 3336.30 16.32 0.45 0.21 30.60 52.90 0.69 
115 25.23 7.97 398.26 3.74 5444.32 61.84 3.37 0.13 7.50 21737.70 120.75 6.40 0.71 18.67 64.13 6.37 
116 72.22 17.96 491.72 4.59 317.50 28.97 1.09 0.27 280.90 4063.00 58.23 2.86 1.08 135.15 40.22 0.42 
117 166.68 12.06 2320.58 5.44 108.23 18.63 1.78 0.41 61.42 1809.67 212.05 2.20 0.88 135.52 86.09 0.57 
118 92.69 14.48 328.45 5.80 60.84 31.32 1.40 0.03 5.84 2929.00 7.73 0.37 0.99 11.05 7.40 0.11 
119 65.01 9.44 268.75 2.70 367.73 29.30 3.48 0.05 12.97 2268.00 15.02 0.40 0.61 11.46 122.62 0.36 
120 67.47 8.72 499.49 2.84 462.85 17.59 0.71 0.10 83.11 3518.00 53.27 1.30 0.55 48.76 51.55 0.53 
121 44.61 5.88 502.22 2.34 537.31 38.08 0.42 0.05 11.22 3743.00 16.44 0.23 0.15 11.79 64.38 0.37 
122 75.82 10.54 1047.27 DL 458.93 11.01 0.40 0.05 8.77 2887.70 135.34 1.42 0.37 15.45 23.97 0.26 
123 48.46 11.30 1564.66 2.32 465.61 21.15 1.73 0.10 21.09 3169.30 97.59 1.24 0.52 30.04 40.97 0.47 
124 131.99 14.44 316.07 3.55 232.89 48.63 1.46 0.08 24.74 2628.33 8.14 0.72 0.47 29.57 35.13 0.32 
125 67.32 16.23 674.02 4.13 421.95 15.44 1.11 0.09 23.73 6112.30 49.80 4.15 1.00 18.62 66.53 2.65 
126 110.11 28.92 1479.84 8.91 229.50 8.82 2.25 0.12 9.62 3910.00 7.81 0.50 2.81 27.71 10.62 0.37 
127 110.83 11.22 470.90 3.27 162.14 4.44 1.50 0.08 4.44 2126.00 9.53 0.30 0.31 25.57 9.04 0.21 
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Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

128 62.83 9.43 881.39 2.92 217.78 7.99 2.23 0.15 51.89 3388.30 81.19 1.87 4.58 40.22 52.71 2.37 
129 42.67 5.07 1129.12 DL 103.97 4.14 0.59 0.02 0.43 2841.70 56.95 2.16 0.18 4.40 5.72 0.10 
130 38.80 12.41 2994.38 2.15 49.41 8.60 1.58 0.22 1.11 2310.30 163.47 6.64 0.68 29.35 11.01 0.39 
131 93.46 17.37 3092.05 DL 69.90 11.50 1.63 0.31 31.52 2786.00 139.62 4.41 1.36 45.67 22.82 0.45 
132 2.38 0.12 0.55 2.09 30.76 0.41 1.52 0.03 0.36 3958.00 314.48 9.50 3.48 1.11 7.30 0.80 
133 45.82 18.37 1460.88 2.19 42.81 8.68 1.16 0.07 13.83 6693.30 121.41 3.86 1.88 13.29 29.91 0.43 
134 44.35 13.67 2694.54 2.32 39.64 8.65 0.90 0.10 1.65 6246.00 137.29 3.33 0.94 8.71 15.38 0.25 
135 58.19 20.73 1643.32 3.76 354.25 18.44 1.18 0.28 81.43 7051.30 92.00 2.58 1.53 49.19 30.84 0.43 
136 40.56 11.74 2242.82 1.42 34.75 5.55 1.05 0.06 7.94 5462.70 196.92 3.90 2.09 12.85 25.81 0.52 
137 26.54 9.22 1477.18 2.47 40.08 13.36 2.72 0.02 66.12 18323.33 101.81 7.72 1.15 20.74 6.70 0.46 
138 47.76 5.51 793.87 3.03 86.24 7.02 0.86 0.05 1.47 14173.33 38.08 2.06 0.27 10.19 14.51 0.87 
139 52.90 12.65 451.28 2.04 399.88 32.49 1.33 0.09 24.37 4889.00 43.11 3.75 0.41 25.59 50.31 1.17 
140 64.84 4.86 867.07 DL 215.86 11.31 3.97 0.08 4.40 10061.70 109.70 4.49 0.95 23.77 10.10 0.50 
141 82.80 8.58 986.32 2.91 46.09 33.86 4.05 0.12 4.04 3747.00 97.98 16.43 0.25 12.10 17.48 3.16 
142 69.40 22.24 4720.79 3.35 107.97 53.13 2.91 0.14 9.46 4604.70 62.37 24.44 1.07 25.14 36.29 0.35 
143 45.92 13.02 3392.37 2.59 97.46 41.21 2.77 0.02 3.74 2655.30 36.18 10.82 0.80 3.96 44.60 0.19 
144 49.49 26.19 3149.85 4.34 145.85 13.95 6.20 0.16 30.56 3918.67 96.83 6.62 0.48 34.98 80.57 0.59 
145 61.81 3.64 851.42 2.21 21.27 8.02 2.44 0.20 3.94 4750.30 114.96 24.10 0.67 28.09 31.65 0.26 
146 69.67 16.26 2948.80 3.67 96.13 47.40 3.25 0.21 6.80 4606.30 315.49 18.29 1.62 34.70 45.66 0.66 
147 130.88 14.43 3053.73 5.92 34.22 20.65 5.84 DL 0.25 3855.30 48.31 82.69 2.23 1.08 47.92 0.31 
148 20.89 4.55 156.11 16.18 35983.71 25.76 12.48 0.62 9.57 58864.70 56.61 29.47 3.23 56.87 123.30 10.22 
149 52.29 13.35 2702.87 4.09 55.91 76.04 2.96 0.71 28.31 5057.00 102.23 14.61 1.53 74.35 36.29 1.06 
150 126.54 50.08 3684.75 7.05 508.69 52.76 7.98 0.37 19.57 4952.33 407.80 47.49 3.11 60.50 242.32 2.76 
151 58.30 12.73 639.27 2.43 297.61 16.16 2.91 0.01 0.87 13998.00 24.12 11.60 6.26 1.99 65.12 0.20 
152 69.48 30.98 616.02 2.24 137.99 30.99 3.39 0.02 1.29 3128.33 52.10 15.35 2.77 1.53 59.28 0.17 
153 79.83 7.67 439.57 3.35 32.73 28.86 5.44 0.07 2.99 3502.33 66.63 52.99 3.97 15.64 304.18 1.44 
154 57.37 13.67 1564.69 4.03 360.11 16.46 5.12 0.01 0.34 2669.33 111.06 5.28 2.78 0.94 94.95 0.30 
155 85.55 11.91 927.71 3.01 184.31 32.69 7.99 0.06 11.24 2263.15 138.36 25.02 1.40 13.95 160.84 2.07 
156 66.83 10.39 639.55 3.46 26.34 26.18 8.53 0.05 2.83 2994.33 77.11 55.90 5.41 13.44 317.29 1.25 
157 76.42 4.45 281.06 2.21 52.01 41.38 0.62 0.10 5.86 2709.00 178.54 6.14 0.74 17.48 90.49 0.51 
158 64.25 5.95 275.45 1.64 272.49 25.37 0.84 0.13 22.97 3434.00 53.49 10.34 1.92 23.77 71.83 1.02 
159 34.42 4.96 595.73 3.53 29.35 4.36 2.52 0.93 6.31 11926.00 32.33 3.43 0.87 169.76 118.87 2.39 
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Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

160 43.21 3.42 79.59 1.23 498.92 3.57 DL DL 0.08 9972.42 15.63 1.22 0.21 0.12 29.41 0.16 
161 53.67 10.52 565.53 2.23 370.73 10.15 7.54 0.01 0.18 11443.91 54.58 15.47 3.20 1.86 89.81 1.40 
162 29.26 18.96 1407.88 7.47 96.14 37.91 2.56 0.04 7.63 20384.67 24.91 8.91 2.97 6.82 21.34 0.09 
163 53.59 12.10 1488.02 2.86 168.30 15.12 5.62 0.15 102.10 15820.67 19.74 11.54 3.11 11.25 109.37 2.60 
164 38.05 8.87 1137.77 1.92 243.89 8.01 1.20 0.01 53.93 3793.33 48.83 5.46 1.31 1.29 172.28 0.22 
165 69.24 6.82 891.77 2.07 109.53 46.46 0.51 0.03 0.72 2249.00 33.67 3.10 0.26 2.05 40.91 0.71 
166 93.78 9.86 881.18 3.35 20.81 49.82 1.32 0.16 12.33 1754.33 128.04 3.19 1.58 31.20 127.47 0.97 
167 41.77 6.63 603.45 1.73 259.99 7.43 2.21 0.28 18.02 5351.00 193.29 3.73 0.17 52.33 28.65 0.42 
168 38.70 7.24 300.18 1.20 144.82 23.98 1.59 0.01 0.15 11854.67 67.62 8.25 1.95 1.15 117.73 0.15 
169 43.78 13.59 379.33 2.45 788.32 26.11 2.05 0.21 2.60 29868.00 39.68 3.78 0.85 29.46 153.17 50.04 
170 55.62 9.61 484.77 2.12 488.09 14.46 5.96 0.04 3.92 6757.00 85.37 9.32 2.12 9.75 174.93 0.95 
171 53.47 3.21 584.84 3.25 175.54 24.70 1.44 0.01 0.94 2664.33 130.90 18.60 9.62 3.25 163.56 4.36 
172 133.77 10.48 1391.64 4.77 705.15 69.08 5.73 0.18 8.19 3432.67 145.26 20.51 14.04 45.34 310.05 3.11 
173 68.69 9.32 157.51 2.41 7.36 3.89 1.37 0.74 1419.02 1567.33 1.50 0.13 0.12 286.54 27.72 0.35 
174 47.77 2.83 353.57 1.59 47.26 4.25 0.70 0.75 914.58 5056.00 113.05 1.19 DL 124.92 30.37 1.12 
175 51.82 6.34 1100.23 4.34 91.51 16.36 7.67 1.02 10.14 3686.67 78.23 5.26 0.22 172.10 94.22 1.66 
176 99.15 10.52 431.72 12.15 222.64 53.62 3.54 DL 0.21 1749.00 229.83 20.67 5.40 0.58 237.00 5.50 
177 53.19 7.66 368.59 2.89 183.88 53.17 4.94 0.02 0.24 2336.00 117.98 10.02 2.95 4.06 113.57 1.13 
178 148.12 22.90 552.61 3.73 344.46 102.34 5.26 DL 3.03 1664.67 24.04 2.59 1.26 4.63 156.33 0.64 
179 54.65 5.26 444.18 3.78 122.44 50.45 1.28 0.22 1.93 5504.33 55.54 2.99 4.50 23.13 133.66 4.93 
180 47.40 1.81 161.35 1.57 101.46 5.09 0.49 0.64 29.20 5575.00 25.58 1.09 0.17 118.54 67.68 0.51 
181 50.24 7.89 272.91 27.15 162.28 6.25 0.47 0.01 0.25 6974.67 184.44 7.62 0.34 1.36 193.96 0.38 
182 48.42 4.99 498.59 1.59 317.26 4.78 3.48 0.75 1064.44 6302.67 40.83 0.94 0.10 192.34 27.29 0.08 
183 40.52 4.43 195.79 1.15 94.60 12.37 1.07 0.51 13.75 5393.00 46.92 0.76 0.38 119.38 113.26 2.20 
184 40.53 16.74 546.49 3.26 31.72 10.35 0.62 DL 0.60 3553.67 1.97 0.12 0.20 0.86 9.43 0.05 
185 43.59 4.05 1032.96 3.69 140.72 6.08 1.11 0.02 1.66 2916.67 442.06 2.22 0.82 7.75 31.96 3.18 
186 44.52 4.52 119.72 1.55 171.59 16.52 0.51 0.18 11.24 3007.00 3.97 0.31 0.15 69.95 44.11 0.40 
187 69.22 5.15 380.79 4.78 231.25 8.82 1.21 0.35 15.03 3210.33 65.96 1.09 DL 121.23 128.33 0.58 
188 124.49 9.75 344.28 3.63 966.90 13.63 1.56 0.03 0.79 4629.00 82.40 4.93 1.47 6.20 186.39 1.03 
189 63.59 8.06 700.40 3.27 480.86 15.29 1.50 0.07 3.54 2628.00 54.60 31.99 3.53 11.32 89.45 1.08 
190 50.73 3.66 136.98 1.90 464.98 3.97 0.32 0.13 43.27 4267.67 109.38 0.67 0.31 41.26 201.16 0.15 
191 56.43 6.86 365.36 2.22 341.52 8.54 0.63 0.19 65.70 3277.67 55.93 1.08 DL 67.73 121.67 1.37 
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Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

192 52.68 2.42 168.63 2.57 190.50 12.33 3.73 0.08 1.38 1891.33 552.97 7.88 3.11 8.92 308.49 3.95 
193 84.21 5.59 926.16 2.11 387.96 9.52 1.31 0.36 61.58 3523.33 119.57 3.67 2.50 109.06 114.54 0.80 
194 43.91 4.77 196.41 1.54 201.85 10.59 0.82 DL 0.23 1587.67 32.44 1.45 0.49 1.03 79.21 0.11 
195 50.37 8.39 923.36 3.50 1784.89 15.69 2.13 0.10 18.67 8562.67 174.90 10.19 4.53 11.41 188.13 5.81 
196 49.71 3.49 67.68 DL 142.32 7.21 DL 0.65 28.50 1976.58 64.24 1.10 0.24 141.67 39.36 0.20 
197 50.18 3.09 66.50 DL 133.18 5.57 0.51 0.02 3.34 3019.33 42.78 1.74 0.32 5.45 114.99 0.35 
198 118.87 1.84 116.27 DL 59.09 7.82 2.92 3.00 2496.93 2828.82 3.10 0.27 0.48 621.44 10.95 0.11 
199 53.42 3.82 109.99 2.52 468.31 51.08 1.51 0.17 31.66 3512.33 13.25 1.26 0.22 41.70 66.04 0.11 
200 58.63 7.71 120.92 2.11 434.29 5.71 DL 0.18 51.33 3499.33 60.37 1.18 DL 48.73 108.90 0.10 
201 34.24 4.51 99.35 1.60 442.79 11.49 0.68 0.32 43.79 2890.61 38.54 1.14 0.43 65.70 820.89 0.13 
202 38.91 11.56 340.90 2.07 359.85 20.95 1.28 0.12 29.40 5097.67 45.14 2.63 0.49 24.80 31.70 0.63 
203 40.69 5.54 125.43 3.89 545.18 13.31 0.56 0.14 26.71 4823.33 180.27 2.41 0.94 32.23 222.69 1.51 
204 78.31 9.82 203.85 19.10 158.90 6.43 0.48 0.22 77.30 1771.52 33.31 0.48 0.38 63.05 99.47 0.07 
205 42.49 11.05 214.75 27.20 674.78 15.88 1.27 0.16 53.17 4111.67 36.98 1.04 DL 48.54 93.10 2.05 
206 40.28 11.85 546.69 4.46 1431.11 161.79 1.45 0.17 32.32 13012.67 16.93 0.47 0.34 45.12 11.22 0.11 
207 37.29 38.92 1835.04 9.14 943.26 318.67 DL 0.10 8.16 16935.33 68.52 1.86 0.13 16.97 70.79 0.59 
208 43.75 12.28 237.61 5.11 1755.68 18.46 1.11 0.10 31.10 12011.18 21.61 0.77 0.20 28.14 55.96 0.22 
209 25.02 2.08 266.46 5.80 19947.60 30.59 10.01 0.22 16.48 87552.00 71.98 109.05 0.09 20.87 165.32 11.75 
210 24.09 15.66 349.38 11.30 33526.19 82.53 24.84 0.41 35.37 77662.70 217.98 26.47 0.77 19.90 206.14 4.65 
211 27.91 36.46 451.93 3.09 5367.28 35.16 1.43 0.10 15.66 65430.33 54.38 2.75 1.22 15.52 83.57 19.72 
212 26.74 16.50 522.55 5.14 16054.54 114.20 4.89 0.26 26.10 83645.00 222.28 4.16 0.32 22.62 93.03 1.51 
213 26.31 15.15 320.36 4.03 6965.84 96.64 1.48 0.26 73.45 50355.67 70.03 2.82 0.28 51.76 380.59 4.39 
214 28.80 26.70 236.95 6.10 11114.88 114.35 2.49 0.26 38.08 44216.33 127.26 5.76 0.44 44.12 68.11 1.12 
215 25.39 4.17 377.60 3.82 13751.42 23.25 6.16 0.26 36.18 58118.40 54.00 7.77 0.10 38.49 181.47 6.25 
216 22.84 0.52 31.89 5.14 23642.00 18.92 DL 0.29 17.04 52497.00 42.34 7.07 0.13 28.10 40.95 1.59 
217 16.06 2.81 41.86 3.20 18227.72 12.21 3.84 0.31 33.99 68329.33 23.70 1.51 0.31 37.34 93.49 1.97 
218 30.24 6.28 519.65 3.63 4839.67 34.10 1.13 0.32 27.82 45435.67 48.62 3.25 0.55 52.67 227.50 7.29 
219 25.90 0.40 25.32 2.30 13005.90 7.43 3.75 0.34 20.24 85230.30 17.68 1.43 0.15 33.63 57.76 4.03 
220 14.96 11.57 507.17 9.86 22754.23 83.70 8.62 0.34 23.79 73493.70 157.34 14.29 0.42 28.85 221.54 7.27 
221 18.40 1.58 76.65 2.73 25337.95 7.10 1.66 0.51 20.92 101813.33 65.90 4.00 0.13 43.21 21.29 9.78 
222 20.55 9.74 378.81 5.51 10457.28 93.70 5.15 0.19 25.26 52665.70 103.87 7.42 0.50 24.41 162.89 5.05 
223 19.90 10.49 284.99 5.41 10167.90 77.90 3.78 0.15 17.97 47388.70 108.97 6.75 0.18 20.04 91.61 2.32 

193



 

Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

224 22.13 7.70 231.14 4.82 18894.84 68.75 60.76 0.44 16.96 94285.00 69.00 3.08 0.39 33.29 4049.01 4.62 
225 32.20 24.66 1245.10 8.50 12378.36 139.32 5.99 0.17 23.07 62033.70 166.34 13.10 0.54 18.77 389.39 4.50 
226 22.72 22.16 201.10 4.45 11080.00 45.25 1.49 0.14 19.48 96813.00 48.07 5.96 0.52 14.85 230.58 6.92 
227 26.82 14.55 218.39 3.48 5336.98 29.68 1.45 0.16 30.48 86980.30 37.28 2.88 0.45 21.30 156.04 2.07 
228 15.84 2.11 141.76 3.76 3607.44 9.49 DL 0.16 23.41 59385.00 5.33 0.19 0.58 24.25 17.88 0.16 
229 0.43 0.16 0.02 2.31 4169.97 2.10 1.59 0.25 9.10 100570.33 33.13 4.98 0.31 6.15 89.16 6.18 
230 29.82 10.19 260.93 2.23 10633.66 262.35 15.71 0.78 654.33 103576.67 31.26 4.86 0.19 175.09 107.53 5.62 
231 27.96 9.04 257.87 15.89 25331.06 60.38 6.87 0.31 21.65 76193.40 183.70 6.45 0.62 26.82 265.39 6.11 
232 9.66 9.51 304.43 7.32 40008.36 49.08 7.09 0.36 21.77 56377.70 121.75 14.23 0.18 19.54 158.52 4.41 
233 24.43 8.04 343.54 8.66 51280.63 54.23 9.09 0.45 25.50 102600.30 170.30 13.09 0.19 22.16 311.27 2.54 
234 23.51 3.14 60.87 1.89 2827.45 15.99 0.30 0.13 25.79 19468.33 12.73 0.73 0.13 28.27 22.70 1.52 
235 28.10 6.01 219.20 5.05 8981.36 32.00 3.89 0.25 30.26 34966.00 285.84 4.51 0.20 27.59 70.91 1.48 
236 30.19 7.59 71.21 3.04 2709.56 13.51 1.65 0.12 36.69 12910.00 45.90 2.09 0.60 34.35 74.78 0.47 
237 41.77 10.47 930.20 4.94 1774.25 23.86 1.73 0.14 63.49 12036.00 2509.50 1.77 0.16 28.26 33.13 0.35 
238 24.74 6.18 887.20 3.61 331.60 4.65 DL 0.15 34.86 4678.00 5.13 0.10 0.19 30.78 23.77 0.05 
239 36.76 12.67 298.28 4.25 4181.51 31.99 1.17 0.21 31.54 25298.30 51.56 2.91 0.19 31.94 114.76 1.60 
240 39.86 2.83 85.01 3.26 711.38 11.68 0.94 0.21 38.15 14580.33 3.62 1.33 DL 37.47 16.88 0.04 
241 38.27 12.66 817.02 4.33 930.94 20.50 0.79 0.23 24.02 8506.00 17.64 0.66 0.14 41.01 18.45 0.13 
242 53.06 6.25 266.34 4.27 1159.28 30.79 1.42 0.24 39.38 15336.20 4.39 0.23 0.05 42.00 8.95 0.20 
243 22.81 2.88 105.83 2.49 9338.85 97.96 2.97 0.27 28.84 51010.70 147.41 8.29 0.09 29.61 86.70 1.43 
244 20.27 2.92 127.03 25.52 7460.42 33.07 0.66 0.29 29.19 38192.00 28.11 1.48 0.30 37.89 38.32 0.88 
245 30.70 8.23 928.93 5.28 2076.13 6.50 0.84 0.14 25.94 7112.00 42.43 0.61 0.13 25.75 28.28 0.04 
246 43.38 2.84 216.97 2.03 1816.80 14.74 0.72 0.07 9.20 7068.00 14.10 1.22 1.12 13.91 39.39 0.20 
247 28.37 3.55 188.56 2.04 548.32 14.40 0.63 0.12 30.01 5498.00 21.58 1.32 0.18 26.19 55.81 0.32 
248 52.86 3.03 96.29 1.49 625.86 6.54 0.54 0.23 41.60 5788.00 11.93 0.66 0.84 50.18 32.46 0.29 
249 45.87 0.90 82.43 DL 491.91 4.39 DL 0.13 32.91 3159.30 2.22 0.12 0.09 35.41 5.75 0.03 
250 39.37 2.49 10.07 DL 245.36 5.91 0.32 0.14 33.93 2260.67 1.80 0.10 0.18 35.25 13.69 0.14 
251 37.72 3.90 995.46 4.48 797.20 3.30 1.29 0.14 37.34 9698.70 3.07 0.44 0.08 35.99 23.35 0.09 
252 39.27 0.94 69.46 2.49 385.24 4.12 0.30 0.16 37.98 11063.30 3.86 0.18 0.05 34.95 9.55 0.09 
253 69.15 0.49 21.89 3.39 320.16 2.52 DL 0.24 56.04 6923.10 4.10 0.23 0.09 56.07 3.51 0.07 
254 37.36 6.00 625.63 8.36 11563.62 39.08 13.56 0.29 29.18 37578.30 59.75 31.59 0.22 24.19 668.56 11.56 
255 0.96 DL 0.00 8.02 7078.96 3.01 0.39 2.76 13.86 13277.67 14.99 3.36 0.22 98.85 22.76 15.31 
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Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

256 14.74 11.25 543.37 5.79 9178.00 53.02 3.03 0.17 33.15 34642.00 68.58 4.12 0.11 24.84 79.37 1.19 
257 13.02 3.98 132.81 7.42 28687.29 715.90 13.56 0.28 36.58 59306.00 163.22 23.48 0.49 21.93 225.63 3.67 
258 11.91 10.54 416.38 10.44 14545.81 77.62 16.31 0.15 26.27 44771.30 149.69 16.97 0.13 20.08 196.87 6.37 
259 17.43 11.37 406.49 5.62 13266.24 86.27 6.13 0.17 30.09 41594.30 87.64 8.94 0.30 21.45 111.35 1.51 
260 55.63 2.83 76.45 2.07 1054.72 11.23 DL 0.24 51.32 8958.00 4.82 0.19 1.14 62.04 14.20 0.10 
261 29.44 2.22 61.05 DL 329.30 22.47 DL 0.12 36.43 2845.70 11.15 0.70 0.50 47.05 37.40 0.12 
262 37.27 9.31 123.78 DL 88.39 10.78 0.64 0.10 52.09 6395.70 1.62 0.14 0.33 42.92 2.16 0.04 
263 48.68 10.31 35.62 1.10 444.42 18.08 0.80 0.13 47.68 12136.33 169.50 0.36 0.22 33.54 40.11 1.13 
264 21.75 7.40 286.47 1.57 1637.08 15.68 1.14 0.15 30.26 26740.00 17.00 0.81 DL 32.94 38.05 0.32 
265 64.15 0.67 26.59 1.65 202.63 2.14 0.49 0.10 21.77 4630.67 1.90 0.05 DL 35.99 3.00 0.01 
266 29.38 1.73 284.63 2.74 446.08 4.84 1.36 0.12 22.85 8181.70 6.60 0.47 DL 37.11 24.24 0.11 
267 50.87 7.65 279.92 4.14 509.70 19.49 2.02 0.19 31.07 5506.30 8.86 0.27 DL 43.98 142.94 0.17 
268 24.39 6.33 259.76 5.82 2612.06 11.38 0.34 0.28 25.07 23045.00 4.80 0.26 0.38 36.18 15.39 0.11 
269 60.14 3.83 116.46 1.56 576.52 11.15 13.90 0.04 14.34 3924.70 16.05 1.32 0.17 15.67 474.60 0.30 
270 37.59 4.65 149.94 2.31 774.85 7.64 0.36 0.10 31.80 13501.00 5.19 0.38 0.15 31.53 54.86 0.19 
271 34.43 4.41 143.97 2.61 948.15 9.41 0.44 0.14 34.30 8345.70 11.30 0.60 0.18 34.29 28.50 0.40 
272 46.59 1.79 68.62 2.18 93.21 3.34 1.01 0.16 8.42 6097.30 44.05 0.18 DL 71.03 8.91 0.10 
273 53.36 13.43 381.19 3.52 1818.38 19.68 0.77 0.17 52.52 21302.30 15.65 0.83 0.16 40.47 50.53 0.94 
274 31.49 12.62 359.75 1.94 268.86 4.08 0.76 0.22 30.30 7273.00 23.13 0.23 0.52 76.50 9.25 0.09 
275 49.03 10.07 351.29 2.26 157.48 12.45 2.30 0.07 6.81 8100.00 101.94 2.67 0.42 43.03 44.43 0.97 
276 44.07 21.56 903.71 3.97 2002.11 68.27 1.49 0.10 21.04 8195.30 116.77 2.27 2.52 20.50 111.50 1.37 
277 32.92 5.30 95.55 1.69 941.83 14.14 0.46 0.14 24.46 9813.21 14.61 0.71 0.47 34.99 21.42 0.35 
278 42.53 22.67 395.34 2.43 353.03 106.44 DL 0.18 38.59 3403.30 6.51 0.40 0.48 51.00 65.85 0.14 
279 19.88 8.89 236.44 1.29 791.95 8.88 DL 0.09 29.20 9092.00 8.78 0.48 0.35 27.80 16.38 0.19 
280 47.24 73.54 633.78 3.24 220.74 63.16 DL 0.11 54.46 1714.00 2.83 0.26 0.17 58.69 5.56 0.06 
281 25.91 10.15 110.22 1.75 422.52 11.71 0.47 0.08 35.45 13732.70 1.15 0.07 DL 32.62 18.65 0.19 
282 40.62 24.40 404.45 2.69 1069.20 16.18 0.76 0.13 41.32 11657.70 14.25 0.80 0.53 33.11 31.61 0.39 
283 25.51 11.29 320.51 2.66 1484.94 23.02 0.71 0.14 34.11 11731.70 19.03 1.23 0.79 34.45 26.87 0.37 
284 51.70 1.49 72.53 4.46 1142.68 8.19 1.28 0.31 39.24 16470.67 14.94 1.02 DL 60.28 28.58 0.50 
285 28.47 0.84 70.56 2.31 2514.68 7.67 0.33 0.18 33.30 27899.30 8.71 0.47 0.36 35.22 24.90 0.31 
286 1.49 0.00 0.00 DL 43.58 0.54 0.31 0.07 13.86 2227.67 1.16 0.07 0.29 10.20 0.30 0.05 
287 43.04 3.18 111.01 3.82 3334.07 31.26 0.58 1.27 23.19 16395.00 22.91 0.61 0.16 375.80 34.11 0.65 
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288 29.61 15.21 183.94 1.17 547.91 18.32 0.54 0.07 22.31 5368.30 11.84 0.55 0.33 22.14 18.99 0.22 
289 18.58 11.53 219.79 1.43 426.09 6.49 0.69 0.11 32.23 5363.00 5.50 0.28 DL 26.04 17.12 0.20 
290 28.64 7.89 71.49 1.08 368.20 29.10 0.51 0.12 34.38 14242.00 13.89 0.19 DL 29.97 84.45 1.29 
291 28.00 0.98 110.60 2.46 3812.77 16.32 1.19 0.14 23.51 45114.30 11.99 0.75 0.10 23.50 142.12 1.53 
292 55.34 8.99 99.46 69.41 161.02 4.28 DL 0.20 102.96 3153.22 1.88 0.08 DL 50.18 2.27 0.02 
293 33.50 9.29 152.48 1.06 284.54 9.93 0.50 0.11 37.77 4188.30 3.56 0.12 0.31 31.92 7.01 0.08 
294 35.26 4.11 134.99 2.19 511.16 7.47 0.52 0.13 39.80 5558.00 5.80 0.17 0.31 37.00 10.65 0.10 
295 35.36 3.17 130.24 2.95 1012.86 9.17 DL 0.15 37.28 10836.00 13.82 0.56 0.29 40.47 45.80 0.42 
296 25.16 4.65 204.32 2.43 850.65 13.16 0.78 0.15 34.64 9895.70 13.68 0.85 0.66 33.65 27.53 0.27 
297 35.98 11.64 156.62 1.73 532.13 7.61 0.51 0.11 36.72 6254.30 13.36 0.44 0.57 35.47 26.79 0.32 
298 54.39 7.03 222.04 3.73 703.65 8.81 DL 0.19 57.26 7865.00 12.42 0.49 0.55 47.68 36.75 0.25 
299 36.13 0.99 41.16 1.60 697.57 18.93 0.49 0.15 30.27 13017.30 5.71 0.16 0.06 29.45 10.39 0.17 
300 35.64 6.64 307.29 2.96 2257.36 24.57 0.92 0.16 28.70 21261.70 37.68 1.14 0.71 43.97 56.48 1.05 
301 38.92 1.25 48.01 2.23 721.39 10.81 0.72 0.19 38.15 11103.70 420.11 0.28 0.12 36.00 21.03 0.27 
302 1.36 0.08 0.09 1.84 835.88 1.12 1.44 0.21 9.46 20962.00 36.04 2.10 0.29 18.42 42.09 1.61 
303 46.31 0.44 9.65 1.75 891.95 3.66 0.52 0.14 40.64 9919.33 5.89 0.39 0.31 39.60 6.86 0.06 
304 49.68 0.51 43.57 1.57 117.96 3.49 0.36 0.17 48.83 3382.00 0.64 0.05 0.28 52.62 1.14 0.06 
305 32.84 2.42 148.66 1.76 742.25 6.96 DL 0.15 28.83 11642.70 6.72 0.23 0.26 29.39 12.34 0.28 
306 47.72 4.81 255.15 2.74 1085.03 8.90 2.11 0.26 39.72 17004.30 19.01 0.59 DL 65.62 38.96 1.20 
307 31.10 6.05 169.68 3.75 1994.25 44.89 0.72 0.24 40.82 21226.70 20.24 0.50 DL 46.89 43.63 0.56 
308 34.02 3.56 88.58 2.64 376.67 13.13 DL 0.14 30.02 6625.30 2.33 0.09 0.30 39.48 3.66 0.04 
309 35.62 6.70 551.36 2.42 1068.57 9.75 1.35 0.24 32.37 13603.70 19.54 0.67 0.43 51.35 46.38 1.02 
310 30.35 17.96 1107.35 4.87 2485.02 80.07 8.12 3.29 22.57 11136.00 29.53 2.26 0.51 468.37 91.96 2.26 
311 31.92 6.69 212.16 3.22 1309.32 29.66 0.52 0.18 34.41 19953.00 12.55 0.36 DL 51.96 39.80 1.12 
312 34.37 9.19 585.99 4.22 2175.89 14.87 1.18 0.19 30.90 25049.30 27.97 0.69 0.41 44.87 25.81 0.56 
313 50.18 5.34 194.85 1.68 801.13 9.62 0.43 0.21 21.43 9920.67 81.09 0.25 0.79 64.04 10.68 0.08 
314 32.05 3.96 157.71 2.35 2654.93 13.17 0.66 0.24 35.24 24138.30 17.24 0.71 DL 46.60 38.04 0.46 
315 25.62 5.06 282.02 1.69 864.93 8.21 0.44 0.32 24.28 13274.00 26.77 0.88 0.37 56.86 31.00 1.12 
316 22.18 4.91 81.38 1.62 570.33 4.00 0.21 0.11 17.87 7739.30 5.00 0.18 0.42 28.34 7.62 0.25 
317 49.44 3.45 125.56 2.91 1651.63 17.44 0.52 0.21 31.38 33034.67 25.57 0.59 0.40 46.93 38.06 1.27 
318 33.88 3.67 223.57 4.14 3077.93 38.85 0.48 0.07 16.83 18103.30 84.76 7.26 3.95 11.03 134.33 1.68 
319 40.48 25.46 180.97 1.96 834.73 9.30 0.62 0.12 29.56 10402.00 10.39 0.47 0.37 37.85 48.61 0.29 
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320 21.66 1.93 243.39 9.63 1055.04 13.20 0.61 0.11 14.64 24368.70 8.78 0.64 0.12 27.11 28.83 0.92 
321 25.52 8.88 321.07 5.58 1878.98 15.30 1.88 0.13 25.28 13584.00 22.23 1.18 0.12 22.99 42.69 0.87 
322 19.23 4.06 125.64 2.52 1082.38 9.76 DL 0.20 32.47 20020.70 12.19 0.41 0.51 47.44 29.71 0.84 
323 26.58 4.56 211.92 3.29 1364.34 15.75 0.73 0.24 27.50 24532.70 21.20 0.57 0.14 42.63 31.89 1.84 
324 28.04 3.31 186.31 3.97 1269.10 10.45 0.90 0.28 39.99 27159.30 13.82 0.41 DL 60.25 35.24 1.62 
325 429.44 176.85 622.59 DL 368.75 11.19 5.58 1.64 413.25 8909.82 15.33 0.45 DL 728.94 236.64 0.47 
326 19.07 3.35 251.61 3.83 1140.99 10.44 1.55 5.33 27.63 34680.00 42.30 2.00 1.25 436.20 36.58 3.94 
327 21.94 4.77 143.52 2.05 1752.46 14.47 1.08 0.24 27.93 25115.00 23.00 0.76 0.23 44.26 55.05 3.44 
328 36.09 13.86 547.50 3.37 1652.27 59.31 10.00 0.84 34.67 27824.00 29.89 1.33 DL 95.08 54.36 1.02 
329 17.89 11.06 267.35 3.45 1298.10 14.04 1.06 0.93 21.68 24428.00 20.06 0.56 0.40 105.83 31.76 2.81 
330 20.51 19.62 351.84 2.74 2392.78 20.65 1.52 0.24 36.14 28224.30 24.15 1.43 0.14 37.59 61.47 1.24 
331 25.88 0.80 128.83 7.88 469.42 5.90 0.33 0.21 25.47 12152.70 4.74 0.18 0.28 44.00 3.98 0.19 
332 37.57 11.37 579.17 3.31 2317.34 30.99 3.22 0.21 34.86 24087.70 29.25 1.11 0.34 41.28 53.66 2.11 
333 14.29 0.74 46.86 1.89 809.69 5.55 DL 0.86 35.86 15293.00 7.15 0.15 0.21 96.67 2.59 0.25 
334 1.06 0.27 0.08 1.47 551.57 5.44 2.01 1.67 7.34 34113.67 50.58 2.73 0.57 59.76 40.63 22.72 
335 1.95 0.15 0.14 3.03 1291.78 5.34 0.96 1.81 12.34 32204.33 36.58 1.25 0.12 97.60 30.89 4.66 
336 42.67 3.31 114.85 2.45 255.45 2.97 3.10 5.41 34.31 7713.00 5.71 0.85 0.18 561.00 1.41 0.10 
337 21.47 4.82 125.60 1.79 1462.97 9.21 0.72 0.27 26.14 31015.70 18.46 0.65 0.11 42.01 41.28 1.57 
338 32.03 2.70 119.70 10.97 1495.53 13.05 1.45 1.59 27.61 25719.70 72.70 1.31 0.55 166.69 37.06 1.81 
339 26.10 6.69 334.47 3.48 1832.46 28.64 1.79 1.89 19.32 34119.30 77.17 2.45 1.14 193.37 42.43 4.35 
340 26.19 3.29 323.32 6.42 1240.34 25.83 4.27 7.25 23.28 34271.00 53.72 2.79 1.68 675.12 74.32 4.75 
341 25.35 2.88 372.47 31.13 924.68 5.69 4.59 16.94 32.40 48001.33 89.37 1.76 2.86 1630.93 41.35 5.58 
342 26.93 2.55 118.69 DL 967.16 4.32 7.09 0.36 7.93 42628.00 42.11 2.08 5.51 37.21 74.50 35.88 
343 34.61 8.13 280.76 1.32 1551.55 27.66 1.21 0.84 38.00 15540.30 42.92 0.78 0.07 96.42 39.61 0.60 
344 20.46 17.63 666.02 2.91 1951.51 46.84 4.28 1.00 20.18 30334.00 58.57 1.55 0.50 104.08 75.09 3.02 
345 30.89 12.78 388.51 2.89 2236.34 22.81 1.42 1.03 25.97 37133.33 43.81 1.68 0.24 121.67 58.13 4.16 
346 26.93 11.83 226.20 2.90 1175.80 14.10 1.28 1.57 23.55 27196.30 28.11 0.96 1.92 163.96 63.62 5.77 
347 27.22 6.14 229.18 2.78 1654.31 19.10 1.79 1.64 27.77 31259.70 44.65 1.30 0.95 160.84 72.75 5.24 
348 19.89 10.21 209.07 3.49 1066.98 54.43 2.45 8.73 25.44 18119.00 48.74 1.82 0.41 842.90 72.71 5.65 
349 1.35 0.01 0.02 0.76 1891.58 0.22 0.44 0.64 11.77 61887.59 0.68 0.04 0.08 28.82 3.61 0.15 
350 23.27 4.17 259.58 2.78 1878.53 27.13 2.05 0.68 12.29 30421.00 74.29 2.55 1.25 105.70 173.18 8.05 
351 20.30 3.68 115.12 3.00 6465.71 38.09 3.08 0.82 26.77 38053.30 37.73 4.98 0.69 80.72 132.29 8.21 
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352 16.72 8.96 717.40 8.92 2638.56 37.86 2.35 1.03 20.59 35245.00 84.19 2.24 0.46 97.88 131.31 7.08 
353 26.76 18.53 1516.00 4.06 3740.08 41.09 2.93 1.39 28.70 33862.67 122.97 4.31 0.66 141.10 62.17 2.52 
354 23.35 7.46 324.13 4.91 3054.36 22.98 2.98 1.67 29.76 34367.70 82.61 3.89 0.44 147.81 118.01 8.09 
355 22.48 4.46 463.57 16.98 1180.49 7.82 9.77 13.37 23.67 45001.30 203.51 4.85 4.09 1081.98 91.81 14.97 
356 14.93 4.42 520.68 89.55 1150.41 21.32 4.21 19.36 45.55 40604.70 35.13 4.30 2.05 1857.98 63.97 5.83 
357 15.05 3.83 549.39 4.34 6823.05 27.68 6.19 0.75 34.01 42449.00 43.53 2.44 0.30 67.71 442.64 4.47 
358 25.82 6.25 266.91 2.62 2057.18 18.25 1.11 1.51 24.54 27249.66 23.84 0.60 0.41 168.48 25.68 1.19 
359 26.43 8.33 483.43 4.29 5008.04 43.78 7.56 1.43 25.11 54123.33 196.70 4.53 1.21 142.44 318.68 13.31 
360 15.97 4.71 367.59 3.24 3040.38 41.45 1.24 2.06 19.64 34695.00 35.51 1.09 0.55 175.47 69.64 6.99 
361 20.30 3.99 211.68 7.84 1400.38 19.51 0.73 3.28 22.71 27722.00 16.37 0.91 0.29 345.84 22.51 1.34 
362 20.14 9.56 372.96 6.48 1291.42 49.69 2.02 3.92 20.18 27761.00 50.21 2.46 4.22 367.88 71.36 7.70 
363 14.73 0.66 47.79 2.26 2332.16 2.69 1.80 4.29 7.08 58916.70 41.80 1.01 1.39 412.02 79.31 32.50 
364 26.36 3.60 203.30 12.58 2265.49 15.89 0.76 4.62 23.11 39198.00 31.31 0.99 0.57 378.27 50.17 3.05 
365 14.33 2.34 349.92 10.28 5144.99 29.77 4.97 7.23 15.70 165833.67 69.99 3.82 0.92 610.51 347.71 73.36 
366 23.76 3.14 243.77 11.00 2619.14 17.80 2.43 3.76 16.57 40120.00 67.49 2.41 5.44 327.26 137.49 14.67 
367 14.66 1.88 144.67 11.36 1763.07 14.33 1.34 3.83 15.57 28291.05 26.63 1.10 0.22 462.81 61.64 3.66 
368 19.61 13.68 299.65 14.00 1336.62 16.03 1.48 3.96 19.44 35582.80 29.07 1.75 1.85 373.32 73.70 7.22 
369 32.31 0.70 19.14 3.45 2637.22 5.78 DL 1.78 22.55 17676.70 5.05 0.25 DL 387.94 21.15 0.41 
370 22.51 1.76 146.50 4.25 1106.91 7.11 0.44 1.99 15.34 25769.00 15.41 0.44 0.38 244.46 15.48 1.79 
371 19.82 5.19 256.38 4.78 1954.25 25.10 3.17 2.07 21.57 37753.33 130.02 3.65 0.73 212.44 75.95 4.72 
372 32.91 8.08 357.71 5.24 2025.79 20.89 2.34 2.28 25.22 34730.00 99.17 4.02 0.56 249.96 109.57 6.72 
373 29.56 2.44 35.33 12.74 2707.71 21.83 3.15 2.45 13.63 45544.00 94.82 2.79 2.21 285.95 128.03 14.07 
374 24.74 5.09 459.23 6.80 1679.20 21.58 2.12 3.12 20.71 33612.30 115.21 3.25 1.30 303.62 94.04 8.90 
375 35.18 7.95 557.91 6.76 1948.15 28.87 2.02 3.34 21.29 32437.70 42.83 1.40 0.80 350.40 18.35 1.66 
376 38.75 6.59 438.57 10.72 2970.46 34.02 2.59 3.39 22.69 49730.00 98.20 3.13 0.33 319.84 103.71 9.81 
377 29.76 1.49 278.77 2.74 79.90 4.93 1.39 3.51 25.62 23350.30 42.21 1.59 0.63 380.75 42.34 1.00 
378 32.74 3.48 446.51 4.97 2668.01 11.21 3.21 3.52 18.23 49190.00 63.84 1.89 4.11 378.45 95.41 8.91 
379 24.13 3.61 258.36 10.37 2017.90 20.83 3.09 3.60 22.70 34812.30 69.30 2.55 1.69 360.80 96.96 10.75 
380 30.36 7.62 573.65 9.87 1267.66 9.36 0.42 4.94 25.12 43728.30 28.35 1.78 1.45 511.91 5.22 0.68 
381 28.51 6.84 354.89 9.19 2683.47 18.61 1.83 4.96 26.78 50501.00 51.32 1.16 0.46 486.56 32.65 2.72 
382 29.71 11.21 336.02 17.57 2793.86 24.62 1.71 5.61 25.49 48718.00 57.62 2.17 1.28 628.18 82.06 8.41 
383 30.04 4.93 297.53 13.38 1804.59 33.19 1.92 6.33 31.36 39817.53 46.28 1.67 0.53 571.86 56.35 12.83 
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384 25.06 5.81 313.75 9.18 1903.62 20.55 1.00 6.38 36.07 37000.00 48.88 1.90 1.07 545.52 57.05 6.29 
385 27.09 5.48 425.33 6.31 1782.19 69.76 0.82 6.85 31.92 44460.40 51.77 1.79 1.35 492.38 85.76 10.49 
386 25.28 3.89 257.08 8.46 1579.59 13.59 0.55 7.90 40.51 36000.00 38.05 1.21 0.33 701.57 31.72 5.25 
387 33.57 4.08 418.65 30.18 3952.14 18.83 3.36 13.00 40.00 57143.20 96.48 4.31 2.96 1387.52 254.91 23.19 
388 27.18 4.87 831.18 14.93 2075.74 19.53 0.69 15.08 55.65 66226.50 35.56 1.11 0.39 1545.82 168.25 2.68 
389 34.89 5.60 361.08 37.76 3309.26 26.78 6.73 15.41 48.69 44047.00 56.39 2.35 1.03 1234.14 100.49 6.94 
390 23.47 5.01 324.92 41.04 2761.48 23.80 3.31 16.32 49.87 47613.00 65.73 4.58 2.29 1524.63 157.08 14.67 
391 30.03 3.92 370.93 33.37 3164.77 18.33 1.91 30.95 82.15 56217.00 54.31 2.14 0.64 2448.38 64.24 11.84 
392 3.07 0.07 0.37 DL 1232.97 1.49 1.16 0.03 0.48 98784.70 3.36 0.34 0.21 1.35 3.74 0.26 
393 11.19 0.03 0.02 DL 26.41 1.76 DL 0.08 0.39 5601.30 5.31 0.07 0.11 3.82 2.66 0.06 
394 10.63 0.70 0.11 7.35 42.06 1.21 0.89 0.58 13.54 6939.00 2.25 0.27 0.26 67.59 1.63 0.04 
395 20.99 1.14 95.31 10.57 11613.49 126.91 1.15 0.62 20.80 145095.30 62.86 2.67 0.62 67.93 268.67 40.06 
396 36.79 2.46 196.71 1.60 118.33 2.95 0.70 2.54 11.09 4085.00 27.52 0.69 0.97 318.13 40.41 0.74 
397 30.06 3.67 192.68 1.27 146.40 3.81 0.21 2.66 13.33 4642.67 15.05 0.78 0.52 318.81 36.36 1.82 
398 10.96 0.10 0.23 2.42 103.02 5.87 0.38 3.08 30.96 2976.30 4.66 0.20 DL 379.44 7.86 0.06 
399 48.61 2.64 156.37 1.97 183.64 10.08 0.31 3.28 29.76 2869.27 12.31 0.32 0.40 430.38 54.32 0.37 
400 6.42 0.26 0.16 1.65 127.00 1.61 3.11 3.60 31.60 5762.70 14.78 0.98 0.30 417.66 2.11 0.38 
401 7.55 0.63 2.69 13.93 4045.70 31.51 6.24 3.68 20.26 59128.60 80.30 2.37 0.21 325.39 56.89 3.91 
402 49.02 4.37 253.31 3.32 599.92 17.17 0.98 3.68 46.30 6522.30 5.09 0.26 DL 467.92 11.71 0.45 
403 22.56 5.46 276.40 9.48 2182.20 31.83 1.44 3.70 26.33 49359.30 52.41 2.06 1.50 383.92 69.88 8.52 
404 28.71 6.18 261.81 8.26 1788.45 15.12 1.09 4.06 24.50 34513.70 37.73 1.09 2.27 418.87 36.85 2.92 
405 27.45 5.52 468.17 10.05 2124.76 24.19 1.39 4.09 25.83 56943.30 57.93 2.49 3.08 424.84 180.79 18.51 
406 10.25 0.36 0.35 DL 175.53 10.15 0.55 4.11 31.85 7268.30 1.96 0.20 0.17 618.01 158.92 0.33 
407 46.12 3.48 299.28 4.31 322.88 20.30 0.48 4.17 38.96 5761.70 6.57 0.41 0.24 576.20 20.19 0.48 
408 68.20 2.39 330.13 2.74 178.97 5.62 0.52 4.27 67.09 5045.00 8.35 0.20 DL 519.96 0.94 0.05 
409 32.98 11.42 338.22 7.61 1563.03 20.69 1.28 4.43 30.48 42540.70 43.11 1.57 0.84 468.76 66.30 8.85 
410 21.27 9.01 228.35 6.93 2153.11 21.18 1.20 4.70 29.39 52564.70 32.23 1.72 2.89 392.86 72.98 10.95 
411 172.04 8.23 113.01 DL 62.19 132.37 1.52 6.07 134.18 1042.70 2.50 0.11 DL 1009.25 6.95 0.11 
412 29.13 3.95 465.39 70.61 1707.67 44.69 2.04 26.99 79.67 43075.20 73.47 1.39 0.14 2619.16 79.34 6.60 
413 37.23 16.63 34.75 1.92 23.96 5.98 0.24 0.03 0.60 3876.33 0.94 0.11 DL 10.70 1.83 0.06 
414 40.72 12.46 877.80 2.85 63.87 3.54 8.80 1.59 14.79 4365.00 42.64 3.13 0.57 246.70 105.30 1.81 
415 45.68 8.48 87.09 DL 117.41 2.23 1.04 2.00 31.51 6910.00 1.31 0.13 0.24 228.11 10.80 0.04 
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416 24.29 9.60 6.48 1.68 40.40 5.65 0.36 2.10 17.36 5787.00 24.71 0.62 0.44 220.67 97.37 3.37 
417 44.71 1.82 59.65 0.88 84.87 17.43 2.34 2.53 28.44 5572.00 1.30 0.10 DL 325.30 4.31 0.03 
418 123.64 27.86 2370.43 3.59 209.44 23.01 11.34 2.87 43.29 3300.33 8.35 0.51 0.42 355.00 127.05 0.42 
419 33.24 1.88 0.86 2.64 195.56 9.61 DL 4.14 30.91 8054.30 17.40 1.13 0.21 476.85 34.14 1.16 
420 65.64 2.13 56.11 DL 48.19 1.83 0.68 0.16 1.47 2939.67 2.77 0.05 0.40 5.54 3.70 0.01 
421 3.11 0.08 0.13 0.32 232.51 0.98 0.13 0.31 3.14 33624.30 8.10 0.14 0.04 27.80 5.46 0.62 
422 43.02 2.72 194.89 2.66 301.86 6.71 1.24 3.59 16.91 11212.00 22.02 3.28 1.02 378.26 139.10 13.41 
423 52.15 2.62 79.21 DL 87.20 4.35 0.45 4.13 35.33 6734.64 0.97 0.05 0.27 508.09 3.17 0.03 
424 40.08 3.41 279.60 1.52 98.04 9.14 0.80 4.85 17.05 5120.30 25.37 1.03 0.21 796.78 38.05 0.91 
425 47.18 6.40 497.16 4.08 361.26 6.46 0.96 5.10 32.77 7352.30 13.66 0.49 0.54 488.09 23.25 1.12 
426 47.99 3.68 285.16 1.91 241.24 5.12 0.57 5.65 29.45 8237.00 13.29 1.47 1.54 738.74 51.27 1.02 
427 35.94 2.06 131.08 3.12 133.09 11.39 DL 6.06 41.40 4371.67 4.67 0.13 0.22 992.87 1.84 0.01 
428 65.29 2.04 74.80 DL 83.51 0.96 2.57 6.85 46.28 7935.00 1.49 0.21 DL 729.35 2.75 0.04 
429 43.51 13.61 2123.65 4.02 655.35 121.46 1.67 7.24 51.56 4326.20 12.41 0.98 0.81 831.31 24.70 0.56 
430 41.74 4.19 240.57 6.06 215.55 27.52 0.89 9.96 42.94 6606.33 8.74 0.53 DL 1665.73 15.41 1.71 
431 36.70 4.14 133.09 11.81 956.12 6.26 0.38 17.16 63.69 8002.30 24.73 6.52 0.32 2167.21 87.21 14.67 
432 50.70 28.22 293.03 2.93 649.34 72.08 25.76 0.60 26.45 5251.00 6.63 70.50 0.48 90.32 45.22 0.52 
433 67.96 23.38 212.33 2.60 102.16 21.29 2.91 0.70 191.19 3285.34 20.88 0.25 0.37 107.29 12.98 0.61 
434 25.60 3.43 1181.66 86.46 1936.12 11.02 6.72 0.92 33.51 25052.20 18.93 1.95 0.48 94.30 15.91 1.27 
435 42.90 7.14 372.04 3.97 325.01 29.37 4.04 2.37 20.40 5662.33 28.06 1.62 0.55 406.98 90.91 1.02 
436 25.88 9.21 251.04 3.62 1325.39 12.53 1.45 2.53 20.73 45948.30 23.27 0.89 0.51 285.40 93.46 7.48 
437 29.83 27.08 269.42 2.50 1094.54 18.38 1.14 2.61 20.58 47560.70 22.03 0.82 0.42 281.77 70.87 5.44 
438 19.28 11.58 216.64 3.02 1000.08 10.95 1.06 2.75 20.61 46247.00 12.83 0.65 0.87 295.73 54.23 4.01 
439 101.53 1.87 69.52 DL 89.20 10.53 5.60 6.33 83.07 2192.00 4.15 0.23 0.72 938.93 26.08 0.09 
440 55.02 4.14 15.64 1.47 93.50 2.01 0.62 2.06 20.67 5403.33 1.96 0.05 DL 300.99 1.51 0.02 
441 28.59 2.24 252.02 15.02 3336.14 3.16 0.98 2.26 20.70 37348.37 8.11 0.54 0.24 265.91 14.35 0.45 
442 57.79 3.73 129.60 3.08 603.44 7.52 2.95 2.51 208.04 6568.68 25.96 8.12 0.22 1037.38 71.90 6.27 
443 52.65 6.78 99.17 DL 37.43 28.53 0.36 2.54 29.59 4582.33 1.16 0.11 0.24 413.06 3.42 0.03 
444 39.99 4.18 176.68 1.97 55.24 6.74 0.66 2.54 25.49 5775.70 1.10 0.10 0.40 360.33 5.37 0.03 
445 66.52 8.40 144.11 2.01 97.36 3.51 0.98 3.90 42.67 7670.50 2.38 0.12 DL 573.26 2.07 0.07 
446 61.99 8.49 137.37 1.98 140.87 18.32 6.35 0.97 397.32 4645.00 33.32 14.86 DL 1537.88 151.08 11.23 
447 44.69 11.52 275.29 2.22 107.74 8.23 0.53 3.11 15.93 4212.91 15.75 0.80 0.46 397.03 177.88 1.59 
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448 41.92 4.66 653.90 2.99 292.06 20.15 1.70 1.80 16.63 6035.56 18.06 1.00 DL 304.10 32.68 1.02 
449 36.79 13.85 2039.90 3.74 972.23 35.43 2.49 2.30 8.18 5317.78 25.05 0.62 0.29 112.58 49.41 4.15 
450 46.87 6.15 449.15 2.93 285.99 35.63 2.53 2.37 20.45 6005.67 16.96 0.99 DL 379.47 22.20 0.52 
451 55.92 7.77 727.30 3.32 173.61 12.22 0.44 2.87 21.18 4905.90 10.02 0.46 DL 412.70 18.02 0.53 
452 49.45 12.74 1355.11 4.79 464.17 19.84 1.59 3.85 17.29 3888.47 11.66 0.54 0.31 322.50 39.69 2.37 
453 51.94 2.96 261.60 1.73 129.71 4.68 2.16 0.51 4.02 3468.12 179.74 0.51 DL 62.30 50.80 0.33 
454 49.88 7.88 334.23 5.79 564.63 21.17 3.39 0.88 9.47 7304.56 20.50 1.33 DL 156.43 126.76 1.15 
455 63.51 6.61 560.38 2.48 196.87 10.51 1.25 1.31 16.47 4304.00 45.02 0.79 DL 193.99 12.52 0.18 
456 55.17 2.72 140.22 2.32 133.21 5.23 1.51 1.91 22.33 4863.00 4.58 0.41 DL 297.11 4.96 0.11 
457 46.60 5.76 341.57 4.18 372.55 9.02 2.27 2.61 19.27 4729.23 324.18 0.82 0.39 372.69 97.09 0.84 
458 47.79 7.17 445.27 5.07 462.28 10.62 2.61 10.85 23.63 7380.20 21.52 1.11 0.67 534.71 97.58 1.45 
459 44.78 7.24 509.86 2.33 1595.11 25.93 4.69 1.07 14.21 12578.43 69.01 1.49 0.33 192.87 75.24 0.55 
460 38.51 3.84 300.71 1.90 303.82 35.00 1.15 1.22 45.08 9848.63 6.11 0.85 0.36 150.83 68.39 3.42 
461 43.51 11.31 610.37 2.80 432.04 30.21 2.57 1.82 29.19 9325.97 10.81 1.23 0.34 344.93 79.01 1.84 
462 48.40 8.95 510.13 8.34 396.97 28.85 4.47 8.68 49.46 6337.44 17.62 1.46 0.16 1103.04 25.54 5.09 
463 35.77 6.57 399.10 3.69 793.20 29.09 6.69 14.64 60.53 8567.33 36.36 1.35 DL 1707.12 33.10 7.28 
464 47.14 5.70 583.03 1.69 409.41 71.12 1.25 0.47 54.19 6241.35 5.14 0.26 0.43 63.32 40.44 1.52 
465 61.28 2.34 233.90 3.54 364.46 4.23 0.74 1.95 17.17 4765.86 11.70 0.41 0.28 221.66 20.91 0.42 
466 18.35 3.50 87.49 1.46 564.06 7.78 1.24 2.12 14.03 7901.90 5.19 0.26 0.25 236.62 25.08 3.13 
467 37.30 4.16 214.05 2.29 922.49 13.57 3.32 2.65 17.79 6707.97 13.04 0.46 0.31 297.92 37.14 0.77 
468 53.49 5.03 312.00 4.79 660.53 10.71 1.16 3.88 29.96 7429.68 21.22 1.02 0.28 495.30 45.99 0.96 
469 50.46 7.78 549.86 6.08 601.77 40.38 5.00 4.34 30.05 7121.09 29.55 1.17 0.35 526.86 52.42 1.10 
470 50.70 3.10 213.39 2.98 99.93 14.55 1.32 1.19 21.93 2737.87 827.65 0.57 0.46 143.84 188.95 0.17 
471 50.52 5.54 201.81 2.92 697.43 11.72 2.65 1.72 12.54 5952.89 241.25 1.94 0.16 208.07 83.71 1.51 
472 42.68 8.56 141.79 2.91 318.44 10.95 1.42 2.01 14.52 5478.54 415.22 1.36 0.18 184.62 61.31 1.15 
473 45.59 5.34 302.60 3.76 1614.62 13.94 1.34 2.10 22.59 10429.44 46.01 1.28 0.26 292.10 73.72 1.25 
474 56.01 9.88 686.53 8.14 994.72 45.05 8.82 2.43 19.39 7474.78 25.81 1.87 0.36 347.71 65.40 1.63 
475 51.34 3.36 246.56 40.87 730.58 12.65 1.61 2.70 14.95 7349.07 14.61 1.56 0.43 423.28 113.02 2.02 
476 42.85 6.88 385.69 4.45 757.92 15.77 2.73 3.00 23.83 7886.57 37.07 0.98 DL 429.50 47.64 0.89 
477 41.03 5.45 306.76 4.36 630.20 9.01 0.94 3.35 27.06 7437.70 33.00 0.91 1.00 469.78 48.79 1.14 
478 38.39 3.49 180.98 3.00 316.74 5.88 2.14 3.58 33.62 4802.57 37.91 0.50 DL 427.08 28.01 0.40 
479 39.14 5.02 266.55 21.74 362.99 20.95 4.30 4.12 24.22 5778.07 16.16 1.24 DL 559.67 62.36 1.22 
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480 52.18 6.41 282.94 5.12 410.56 9.70 1.41 19.79 24.38 7208.43 285.10 1.32 0.26 503.62 67.88 2.00 
481 48.86 4.15 385.29 2.72 472.68 6.57 0.62 3.77 35.37 7274.67 32.82 0.58 0.29 438.40 68.98 0.69 
482 49.08 3.39 565.18 2.70 839.52 9.25 1.43 3.49 33.62 9569.89 29.96 0.82 0.65 445.35 117.47 0.95 
483 61.60 23.33 1166.41 5.28 884.26 54.48 4.66 4.42 35.03 9338.22 73.42 2.22 0.14 528.66 67.56 1.05 
484 38.00 12.02 284.48 2.91 1117.66 28.22 3.24 2.63 21.65 7983.89 13.44 0.92 0.07 380.84 53.42 0.54 
485 39.42 4.93 235.62 2.45 1291.70 55.83 1.35 3.01 24.54 7220.47 13.97 1.21 0.35 451.72 79.62 0.76 
486 44.39 4.60 263.72 2.43 764.99 18.37 1.77 4.93 36.49 6962.34 21.53 0.75 0.14 591.33 51.75 0.78 
487 41.90 3.06 179.51 2.50 363.70 7.24 1.25 3.78 25.45 6028.90 22.74 0.73 0.29 493.90 56.63 1.05 
488 48.75 4.46 393.18 3.31 423.16 10.37 1.61 3.81 49.54 5708.73 22.99 1.19 0.54 537.23 58.73 0.57 
489 44.88 10.15 649.69 4.55 353.15 21.58 3.51 4.33 29.22 6582.10 9.33 0.49 DL 582.11 85.25 0.34 
490 31.44 11.45 206.48 2.96 542.36 21.11 4.40 4.61 32.96 7065.68 21.12 1.01 0.27 532.63 61.13 0.83 
491 50.42 22.07 322.86 2.93 2431.12 23.57 2.27 5.54 28.49 8019.20 15.08 1.09 DL 363.68 67.14 38.62 
492 44.90 6.43 393.71 3.78 940.67 10.61 1.31 3.06 25.68 10501.33 46.21 1.02 0.19 387.31 60.03 1.38 
493 41.71 4.38 260.27 3.54 863.04 16.36 1.11 3.15 27.06 8724.03 36.07 1.20 DL 397.14 64.03 1.47 
494 32.44 4.44 273.22 2.80 790.55 9.82 0.45 3.87 30.95 8928.53 33.78 0.71 0.51 489.05 53.08 1.25 
495 50.28 4.92 289.59 3.65 747.83 18.68 1.28 4.51 32.98 7927.27 31.45 1.19 DL 552.67 58.09 1.33 
496 45.22 4.36 340.19 2.93 699.75 13.34 0.91 2.61 21.34 9118.56 23.08 0.89 0.53 348.95 47.96 1.14 
497 42.73 5.30 412.32 4.49 582.47 21.23 1.36 3.77 29.49 7025.00 26.16 1.09 DL 525.48 55.47 1.27 
498 52.83 4.20 355.10 0.88 505.82 31.48 0.78 1.01 10.46 9365.01 7.17 0.47 0.31 124.58 48.62 1.73 
499 53.33 40.68 1047.00 5.12 395.38 22.04 2.56 1.73 24.20 6249.58 10.50 1.00 0.32 217.97 129.69 1.61 
500 48.75 23.87 1684.83 4.96 509.84 57.65 5.35 1.99 17.81 6920.67 25.31 1.38 0.48 263.62 57.29 0.98 
501 43.96 13.06 612.75 2.49 1071.72 16.53 4.08 2.58 28.39 7717.11 9.24 2.18 DL 397.70 69.72 1.96 
502 44.81 15.32 1263.00 3.93 383.46 51.62 5.41 4.45 38.57 5851.78 27.29 2.05 0.31 539.17 65.32 1.51 
503 147.35 42.83 1303.09 48.44 695.68 150.63 15.99 40.95 424.30 10942.10 29.23 4.58 DL 9146.13 317.17 3.20 
504 139.82 34.45 1085.23 35.48 489.50 203.15 6.27 69.01 681.95 7841.63 28.85 2.14 0.51 14739.96 299.27 3.32 
505 38.14 8.66 509.78 2.84 288.04 13.92 2.59 2.79 26.44 4038.56 5.40 0.54 0.16 412.93 78.82 0.45 
506 49.51 5.41 297.13 2.51 269.14 9.81 1.36 4.19 36.16 4948.87 12.52 0.63 DL 566.26 40.31 0.38 
507 41.06 8.32 385.12 1.24 188.67 14.29 2.26 0.33 3.20 5944.72 3.01 0.20 DL 46.79 35.53 1.77 
508 53.86 12.61 1175.55 2.48 248.67 45.81 5.85 1.51 24.34 5281.00 51.79 0.78 0.14 163.08 59.22 1.11 
509 76.24 4.33 467.43 11.98 384.32 6.59 6.30 1.66 37.71 3878.23 58.69 0.91 0.40 307.26 43.98 0.22 
510 64.50 18.15 1637.55 1.50 178.83 35.69 6.28 4.20 54.47 3621.22 73.27 0.89 0.15 431.65 28.62 0.94 
511 52.29 5.64 409.02 4.99 335.06 18.06 5.87 6.35 40.06 5071.22 32.77 0.72 0.42 666.53 43.52 0.53 

202



 

Coin # 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

512 94.89 2.77 430.90 DL 142.84 10.95 6.09 0.04 0.40 13368.75 3.05 0.25 DL 2.37 99.82 0.78 
513 42.64 6.01 225.01 1.33 812.66 42.85 1.26 1.34 18.22 7776.67 14.02 1.06 0.35 265.58 99.33 0.44 
514 40.39 21.60 446.27 6.54 3516.24 40.18 5.47 2.46 21.58 27569.67 79.98 3.71 0.36 299.93 370.40 10.20 
515 43.11 3.92 229.40 4.60 2718.94 11.38 1.03 2.91 25.81 12391.00 40.45 1.50 0.59 426.26 64.24 1.32 
516 48.23 7.46 528.46 7.48 1766.99 14.10 3.69 2.58 18.97 8874.00 18.47 1.53 6.07 307.54 92.28 3.49 
517 38.16 7.13 882.58 2.91 506.49 14.48 3.66 0.02 0.70 5855.00 6.04 1.64 DL 6.01 19.02 0.30 
518 46.53 55.37 3946.37 6.12 975.37 61.04 4.02 0.77 7.66 7279.67 55.40 2.08 0.31 175.52 70.87 1.19 
519 46.58 18.63 497.61 2.30 381.12 17.18 4.09 2.01 23.83 8341.67 6.69 0.95 0.15 330.23 49.80 0.60 
520 50.57 7.12 362.85 3.19 760.02 14.30 1.75 3.36 31.85 8891.33 29.72 0.65 0.15 454.62 32.14 0.71 
521 46.74 11.46 579.16 4.58 359.82 13.90 4.13 3.58 26.09 5629.00 19.46 1.00 0.14 480.68 43.95 1.27 
522 34.97 4.15 323.81 4.15 8207.05 152.38 0.82 1.89 20.58 18236.02 63.64 2.43 0.34 205.47 89.66 1.66 
523 39.18 8.23 391.34 3.27 2706.15 354.59 1.57 2.48 21.36 17664.69 53.53 2.44 0.32 308.46 95.90 1.24 
524 71.49 17.93 333.21 5.50 772.83 54.48 2.43 7.22 57.68 11361.70 27.29 1.26 0.68 857.30 42.89 1.08 
525 234.50 101.67 2849.92 18.71 2377.94 136.40 13.75 29.81 235.92 39737.70 127.34 4.81 2.20 3239.54 263.63 5.36 
526 42.31 6.69 354.78 3.57 3356.61 43.76 3.09 1.08 11.45 34157.00 110.41 2.49 0.35 145.66 161.66 8.29 
527 29.64 5.48 82.47 3.53 3227.04 74.47 6.90 0.94 9.25 45515.33 588.54 6.14 0.24 132.28 166.62 9.44 
528 57.23 4.12 192.09 28.47 903.46 25.77 0.64 0.29 5.86 4367.33 263.61 0.87 0.21 69.72 40.51 0.37 
529 40.46 3.00 254.04 2.45 3793.12 8.85 2.54 0.90 52.66 13635.33 5.97 1.14 0.18 112.43 53.20 5.58 
530 50.58 12.94 180.42 4.70 2296.38 30.23 4.98 1.63 17.89 13452.33 13.66 1.33 0.18 259.82 53.81 4.40 
531 48.21 12.61 427.41 1.23 634.19 45.92 1.44 1.69 17.92 11981.33 6.02 0.43 0.27 219.51 23.53 0.25 
532 47.77 1.91 241.93 2.03 144.04 7.16 0.91 2.26 41.66 4872.52 2.83 0.16 DL 353.04 34.61 0.44 
533 44.65 7.51 560.67 3.59 490.45 16.97 5.45 2.80 21.09 7016.00 12.23 0.64 0.13 524.68 22.45 1.52 
534 46.41 7.84 395.27 6.77 3039.40 25.21 7.08 2.82 23.49 15205.33 58.21 4.39 0.14 350.53 79.74 2.32 
535 63.27 5.08 253.53 3.60 780.94 9.44 2.24 3.75 43.56 6212.00 6.17 0.41 0.26 758.24 61.71 0.66 
536 70.90 4.66 113.80 DL 43.39 11.83 4.00 3.80 22.67 4400.33 2.48 0.21 DL 450.71 28.96 0.35 
537 46.56 7.48 192.17 4.36 2988.05 27.11 3.68 4.34 30.92 13596.00 25.14 1.47 0.13 486.34 67.49 1.38 
538 121.88 10.65 287.50 6.63 3877.18 29.06 4.85 4.69 47.41 19486.70 40.51 2.87 1.17 742.10 300.89 1.86 
539 41.87 4.02 266.81 7.20 1688.52 617.36 3.70 5.02 22.20 9798.00 11.32 1.79 DL 546.52 83.79 3.87 
540 143.31 146.75 4075.81 14.69 894.79 119.07 17.32 15.98 114.15 15140.70 45.87 3.04 3.42 1933.89 151.34 2.27 
541 55.20 11.26 232.41 1.27 348.65 39.66 6.91 0.59 4.03 10722.30 6.30 0.67 DL 84.63 47.15 1.29 
542 119.55 25.03 693.43 DL 2538.14 110.36 6.31 0.85 18.02 24278.70 33.52 1.54 DL 161.16 117.93 3.46 
543 92.28 15.60 291.48 1.48 2748.69 104.43 1.72 1.21 18.97 23754.30 26.02 0.93 DL 181.96 97.70 4.06 
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544 37.08 0.97 930.42 14.58 909.94 9.71 8.77 2.42 27.63 53410.00 8.26 1.34 0.10 310.26 4.62 1.00 
545 44.81 6.18 641.09 6.73 4397.05 38.03 2.16 2.45 24.31 23637.33 67.92 2.64 0.22 311.58 101.20 2.17 
546 30.22 3.89 305.61 5.00 2882.88 13.53 8.42 2.52 23.79 12052.00 62.85 1.61 0.15 303.73 46.28 1.49 
547 40.89 6.69 206.76 8.81 1912.55 13.50 5.69 1.93 13.88 11205.73 20.07 1.49 0.39 302.51 58.09 1.73 
548 43.57 7.18 186.11 5.23 2577.75 36.00 2.78 2.50 32.90 10805.67 38.67 3.95 0.23 330.82 93.84 2.25 
549 44.07 7.56 212.28 3.59 445.04 54.81 2.86 3.08 24.51 6564.67 33.29 1.30 0.28 427.53 77.57 1.46 
550 29.36 2.95 247.11 101.22 1503.26 18.87 17.64 1.47 12.85 32792.70 584.84 3.92 0.77 173.67 150.95 28.53 
551 39.17 6.45 436.57 7.55 5105.82 60.31 2.74 2.00 20.52 29242.00 131.90 2.72 0.20 234.89 154.20 3.90 
552 34.87 13.52 398.24 5.74 2531.62 50.33 3.92 2.86 21.85 13638.00 45.24 3.75 DL 385.38 104.22 7.75 
553 42.15 8.83 384.02 9.24 6697.21 58.78 2.40 2.56 26.64 24648.00 103.53 2.80 0.30 310.55 143.21 2.64 
554 27.46 3.02 179.27 3.59 2941.28 43.98 1.14 3.16 28.02 46102.00 33.11 1.44 0.13 340.69 57.01 2.16 
555 44.02 7.97 371.85 3.89 3280.33 48.15 2.71 3.58 28.00 16845.33 23.08 1.51 0.61 441.72 80.12 3.47 
556 38.12 5.33 276.26 7.52 4046.24 29.62 1.12 4.12 32.59 28567.30 52.60 1.44 DL 400.45 78.17 1.42 
557 51.95 1.45 76.27 1.73 1299.37 5.26 2.71 1.20 25.89 7117.67 9.83 0.80 0.42 127.22 62.00 1.28 
558 40.48 6.58 455.23 6.97 4277.83 82.10 2.58 3.04 25.95 32410.70 49.45 1.78 0.67 320.37 139.48 4.20 
559 32.38 8.66 400.28 5.94 4872.41 48.32 4.73 3.25 26.65 13564.00 23.19 2.04 0.36 415.36 80.85 2.16 
560 64.61 21.48 1214.78 2.69 459.87 58.59 16.27 5.95 41.34 3199.67 9.46 1.67 0.31 847.27 68.31 0.89 
561 160.26 15.72 567.18 12.16 1423.53 30.47 5.64 7.96 60.04 22513.70 97.23 4.20 DL 1182.01 233.79 5.42 
562 40.86 8.01 1258.96 211.48 717.00 15.65 4.30 0.09 2.65 48130.70 240.13 6.15 1.62 24.84 152.50 2.25 
563 39.78 2.27 207.78 10.78 10085.76 126.76 35.54 0.84 19.63 169355.70 859.10 10.46 1.16 94.24 2240.81 66.12 
564 36.54 10.56 547.70 4.16 2153.46 29.60 15.22 1.09 11.09 9421.67 23.64 3.28 0.20 160.75 62.52 0.96 
565 48.24 5.90 65.70 1.26 185.21 1.75 0.71 1.16 20.16 9182.85 106.76 1.43 DL 226.46 2.43 0.14 
566 34.57 11.42 648.70 86.82 7961.64 88.70 8.24 1.29 11.22 57272.70 84.43 10.27 2.43 143.02 214.61 7.84 
567 136.88 117.07 9735.43 87.58 4715.68 1399.27 7.65 2.35 18.73 31082.70 384.90 4.19 1.46 269.60 376.17 3.67 
568 38.29 3.57 240.26 16.90 5371.88 60.99 1.50 2.44 20.92 28856.70 104.30 2.12 1.10 304.32 115.80 4.36 
569 35.15 4.93 310.15 6.06 9383.29 83.81 6.17 2.61 25.10 45837.33 54.30 7.89 0.21 333.66 306.94 3.37 
570 37.82 22.75 387.02 4.29 2405.54 22.42 4.65 3.82 28.18 10711.00 22.37 3.06 DL 499.28 94.80 2.39 
571 47.27 25.73 363.12 4.66 3131.54 87.50 11.36 6.30 40.26 13476.33 43.46 3.95 0.96 691.16 212.48 13.70 
572 30.49 5.55 575.48 60.10 2823.64 11.42 2.82 0.35 6.00 15293.00 839.80 6.49 0.47 81.13 76.70 0.98 
573 31.13 7.32 271.17 7.856 4424.33 45.91 6.64 0.90 10.27 124901.00 364.42 8.32 0.25 110.24 103.15 8.14 
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Uncertainty 
Relative % 32S 55Mn 56Fe 60Ni 63Cu 66Zn 75As 103Rh 105Pd 107Ag 118Sn 121Sb 125Te 195Pt 208Pb 209Bi 

                 
Median 20% 17% 19% 34% 14% 29% 50% 38% 83% 10% 20% 29% 75% 32% 13% 23% 

                 
Mean 33% 33% 34% 40% 21% 46% 60% 45% 89% 10% 24% 36% 99% 41% 20% 32% 
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Chapter 7

Purity, Debasement and Production

Techniques

The XRF data are historically interesting in and of themselves: stability in the

data can be indicative of the economic health of the Roman state, whereas

reductions in the purity of the gold can indicate times of acute crisis. Periods

of significant debasement can be observed around the AD 69 Civil Wars, in

the latter half of the third century, from AD 325 to the tax reforms of AD

366/7 and, finally, in western mints from approximately AD 450 onwards.

The XRF data give an additional insight into the historical narratives of these

particular periods: proof of debasement provides powerful evidence for the

damaging effect that political and military crises had on the smooth running of

the state at these times. Moreover, these analyses can also help to contextualise

some of the concepts that have arisen from the weight data. The intrinsic

value of an aureus is a function of its weight and its gold purity – it follows

that if the weight of the coin can have an effect on trust, so too can the

purity. While the debasements are the most eye-catching part of the data

set, there are extraordinarily long periods where the state ensured the gold

coinage remained at full purity even when there were fiscal pressures on the

state. For example, from AD 200 to AD 250 the weight standard of the aureus

was reduced on multiple occasions – from 7.3g down to just over 4g – and

yet the purity of the coin was broadly maintained until the early 250s. The

state was clearly suffering economically from the political chaos of the ‘Third-

Century Crisis’, and yet it chose not to debase the gold; as such, it is logical to

assume that this speaks to the importance of purity for cultivating trust in this

particular coin.

Most of the known sources of gold in antiquity are placer type deposits

(Guerra & Calligaro, 2004). These deposits are formed by the mechanical
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concentration of mineral particles through a concentrating medium –

generally flowing water, but also flowing air – from weathered rock debris

(Skinner, 2000). Essentially, particles of native gold are embedded in rock

formations called lode deposits. In these lode deposits native gold particles

can fill a fissure in a rock formation or be embedded in a vein of ore that

exists between layers of rock, most commonly quartz veins (Guerra, 2008,

318; Morteani, 1995). These are primary deposits, and were certainly directly

exploited for native gold by the Romans: for example, at the opencast, hard-

rock mine at Puerto del Palo in the north-west of Spain where gold bearing

quartz veins were mined (Lewis & Jones, 1970, 178-81). When these rock

formations are weathered the gold particles are eroded and then transported

in the concentrating medium – normally flowing water. Gold is much denser

than the other minerals it has been transported along with, and so the

less dense particles are carried away by the flowing water or air leaving a

concentration of the denser gold (Boyle, 1979, 342-3; Skinner, 2000). These

secondary deposits can be Aeolian, marine or colluvial-slope deposits, but it is

alluvial deposits – those formed in stream gravels by the action of flowing

water – that seem to be exploited most regularly in antiquity (Guerra &

Calligaro, 2004; Healy, 1979). Native gold can then be extracted from the

alluvial deposits using hydraulic methods: this can be done at a simple level

through gold panning or at a more complex level through using the impact of

flowing water to excavate the gold and then force it through sluices to separate

it from the other material. The use of the latter, more complicated hydraulic

infrastructure seems to be a very Roman contribution to gold mining in

antiquity (Healy, 1979) and can be seen at sites like at Las Médulas (Redondo

Vega et al., 2015; Sánchez-Palencia et al., 1990) and at Bistrica in central Bosnia

(Glicksman, 2018, 268-70).

Native gold exists in nature as a continuous solid solution with silver

(Boyle, 1979, 18; Morrison et al., 1991; Pal’Yanova et al., 2014). This gold-

silver solution is found in a variety of purities, from containing only a few

percentage points of silver up to around 40%, at which point the line between

silver-rich gold and gold-rich silver becomes blurred (Boyle, 1979, 197-207;

Guerra & Calligaro, 2003; Pal’Yanova, 2008; Pal’Yanova et al., 2014; Sutton

et al., 1973). Native gold generally also contains a small amount of copper –

normally up to c. 1% - and can frequently contain a few percentage points of

iron (Guerra & Calligaro, 2004; Raub, 1995). As such, in order to consistently

produce a gold coinage that was generally around 99% pure, the Roman state

could not rely on simply using very high purity native gold; it had to regularly

refine the silver and the base metals out of it.
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While native gold, once extracted, required only refining, we know the

Romans were directly exploiting other types of gold ore that required a

more complex extraction process. Gold can be found in pyrites (FeS2) and

arsenopyrites (FeAsS) both in its native form and as ‘invisible gold’, where

the gold is present in a sub-microscopic form as a lattice constituent of these

two minerals (Boyle, 1979, 30-1). In order to extract this latter type of

gold, the lattice of the mineral must be completely broken down, and in

the Roman period this appears to have been done in the north west of the

Iberian Peninsula by roasting the ores and then co-smelting the gold bearing

pyrites with lead to sequester the gold (Bachman, 1995; Naturalis historia,

XXXIII.69). A similar process was most probably followed for other gold

bearing sulphide minerals like realgar (α-As4S4), orpiment (As2S3) and stibnite

(Sb2S3) given the presence of antimony and arsenic rich slags dating to the

Roman period (Davies, 1935, 51; Healy, 1979; Hillman et al., 2017; Naturalis

historia, XXXIII.79). Polymetallic gold ores are associated with a variety of

base metals (Healy, 1979; Nassar et al., 2015, Fig. 2; Reuter & Verhoef, 2004,

Fig. 1), and so even once the precious metals have been sequestered from these

ores the base metals – either those from the ore or those added as part of the

smelt – still need to be removed.

In the Roman period the removal of major quantities of base metals from

gold could have been achieved through cupellation (Blet-Lamarquand et al.,

2017; Guerra & Calligaro, 2004; Healy, 1979; Ramage & Craddock, 2000,

11). This involved adding significant quantities of lead to the impure gold,

approximately 10 times its weight (Blet-Lamarquand et al., 2017; Hervé, 1839,

25-6), then melting them together in a porous clay crucible - the cupel. A

current of air was then passed over the top, which oxidises the base metals

either driving them off as vapours or into the porous walls of the cupel. A

mixture of gold and silver was then left remaining. This lead cupellation

technique can be traced throughout antiquity: it probably came into ancient

Greece via Asia Minor as the Greek word ‘obryza’ means cupellation, and

etymologically this is derived from the Hittite word for “earthen vessel”- in

essence the cupel (Forbes, 1964, 179). Smelted gold, gold of uncertain purity

due to be recycled and large pieces of native gold suspected to have elevated

base metal concentrations, would all most probably have been first refined

through cupellation. While copper could be removed from gold when it

was parted from silver, this next stage of the refining process required the

impure gold to be beaten into a thin foil, which was much more difficult

to do with a gold based ternary alloy compared to a binary gold-silver mix

(Blet-Lamarquand et al., 2017). ‘Gold dust’ was probably thin enough that
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it did not require beating into a foil and could be refined solely through

cementation – which seems to be what Diodorus Siculus records happening

in Egypt (III.14.2-4).

Once a binary gold-silver alloy has been obtained – whether through

cupellation or the extraction of native gold that is almost entirely precious

metal – the next step is to part the gold from the silver. The most common

method we see in our ancient sources is the use of salt cementation (Blet-

Lamarquand et al., 2017; Craddock, 1994; Healy, 1979; Craddock, 2000a,

32-5). This process revolves around heating argentiferous gold foil with salt

and brick dust or burnt clay in a sealed container. The sodium chloride

decomposes in the presence of silica and alumina, which comes from the

brick dust or burnt clay, to produce hydrochloric acid and chlorine. The silver

reacts with the chlorine to produce silver chloride, a volatile compound that

separates from the more inert gold. Silver from deeper within the metal then

diffuses towards the surface, where it reacts with the chlorine and the process

continues (Meeks, 2000, 145). Ramage and Craddock’s excavation of the 6th

century BC refinery at Sardis is perhaps the earliest firm evidence we have

of salt cementation employed in a serious attempt to purify gold, as opposed

to just enhancing the surface (Craddock, 2000a, 27-31; Ramage, 2000). The

furnace bricks are a distinctive pink colour, which they believe was a result

of the absorption of the salt vapours into the iron-rich fabric of the clay used

for the bricks (Meeks, 2000, p. 128). The chloride anions attack the iron in

the fabric of the clay, which results in the mobility of the iron salts, giving the

distinctive colour. SEM-EDX analysis of the bricks revealed them to contain

3.6% silver, along with significant proportions of both sodium and chlorine

(Meeks, 2000, 107), all evidence towards salt cementation occurring at this

site. Our textual evidence certainly supports the common use of this technique

in the ancient world. There seems to be a reference to refining gold with ‘Indus

earth’ in the Arthaśāstra (Olivelle, 2013, 122-6), a treatise on statecraft from

India probably dating to the middle of the fourth century BC. ‘Indus earth’

probably refers to salt rich soils, containing nitre and ammonium salts, which

would induce a similar chemical reaction to salt cementation. Slightly more

well-known is Agatarchides’ second century BC account of an Egyptian salt

cementation process, which was preserved by Diodorus Siculus (III. 12-14).

For the Roman period, Pliny writes about how gold is melted with two

parts of salt and three parts of misy (corrosive - probably ferric - sulphates),

then again with two parts salt (Naturalis historia, XXXIII.25). He is describing

a process where the salt separates the gold and silver, and the ferric sulphates

dissolve the copper in the gold (Craddock, 2000a, 28, 36). Archaeologically,

210



we have Flavian clay vessels with the distinctive pink colouration caused by

the salt cementation process from excavations in London, Lincoln, York and

Winchester (Bayley, 1991). XRF analyses of the vessels from London detected

traces of gold and silver, with high concentrations of silver around the seal of

the vessel, perhaps where silver chloride was escaping and, therefore, leaching

into the fabric around this point.

Salt cementation is an efficient process when run to completion, capable of

producing gold above 99% pure, but does require the argentiferous gold foil

to be cemented multiple times in order to extract all the silver from the very

core (Blet-Lamarquand et al., 2017; Notton, 1974). As such, if we have a few

percentage points of silver within Roman gold coinages we can quite safely

infer that either: the cementation process was not run to completion (or at all),

whether accidentally or deliberately; or that the stock of otherwise pure gold

had been deliberately debased. If the state wished to produce an impure gold

coinage, one would imagine that it would be much easier to not run the parting

process to completion, rather than refine the gold and then add refined silver

into it. Although easier, the mint would lose precise control over the purity of

coinage, which may lead to erratic debasements.

Investigating the purity of the gold coinage, then, goes beyond simply

plotting the ups and downs of state finances. The production of high purity

gold required a complex and multi-stage process that was time and resource

intensive, during which it was necessary to have access to a skilled and

knowledgeable labour force at nearly every stage. A consistently high purity

gold coinage represents not just healthy finances, but the smooth operation of

this complex system at every stage. Equally, an impure gold coinage may well

not be caused by a lack of gold, but rather an inability to access or use all stages

of the refining process: an entity could have a stock of gold, but if they lacked

the skilled labour and resources to fully refine it, then this will be reflected

in the final product. What is also clear is that a gold coinage consistently

produced at above 99% pure required a very strong desire to do so. While

not fully refined by modern standards – hence the presence of various trace

and minor elements – >99% pure gold represented full purity gold by Roman

standards. The Roman state could have almost certainly ‘got away’ with a

few percentage points of silver in their gold coinages: parting those last few

percentage points of silver was a time, resource and labour intensive process,

and it would have been very difficult for an ancient individual to discriminate

between 98% and 99.5% gold using a touchstone alone. Yet, across hundreds

of years and multiple regimes the Roman state chose to do so, even during

quite difficult periods in its history. Clearly, the general insistence on a full
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purity gold coinage went beyond matters of economic efficiency.

Metallurgical data can also help us to answer questions beyond fineness.

By combining the XRF data with the trace element data obtained through LA-

ICP-MS, the production techniques used by the Romans can be investigated.

It is easy to assume that when there is more silver or copper in the gold

coinage than usual, these less valuable metals must have been added into the

gold in order to debase it. However, both silver and copper are associated

with gold deposits, so, while logical, the existence of silver or copper in

a gold coin is not necessarily evidence for the deliberate addition of these

metals. To more confidently state that alloying metals have been deliberately

added in to a stock of otherwise pure gold, we need to be able to show that

there is a strong correlation between the concentration of the alloying metal

and the concentration of its associated trace elements in the Roman period.

For example, Roman copper objects and coinage are frequently antimony

rich (Pollard et al., 2015, Tables 5-6, Fig. 5), and so a strong correlation

between copper and antimony in high-copper gold coins suggests that Roman

copper was added into the gold stock at this time. To some extent this

methodology has already been used when looking at high-silver, lead-rich

gold coins. A relationship between lead and silver is important to observe as

lead is associated with silver ores and is a component of the silver production

process (Butcher et al., 2014, 102-5; Mackerrel & Stevenson, 1972; Pernicka

& Bachman, 1983), and there are significant concentrations of lead present in

Roman silver coinage. As such, it has been argued that the high concentration

of lead in solidi of Constantius II ‘debased’ with a few percentage points of

silver, suggests that Roman silver was added into the stock of gold at this time

(Callu et al., 1985, 96-7).

Silver is, by far, the most important alloying metal in Roman gold coinage,

and so how it came to be in the gold is particularly interesting when

investigating the production process. In this data set only 23 of the 573

coins analysed contained c. 1% copper or greater, whereas 246 contained

c. 1% silver or greater, which clearly shows the importance of silver as an

alloying metal. Relying solely on the relationship between lead and silver in

the gold, however, does not appear to be a totally sound methodology. Lead is

frequently present in high concentrations (50-400ppm) in Roman gold coinage

at times when there is both a fraction of one per cent of silver in the alloy and

when the gold has been significantly debased with silver (Figure 38). Lead-

rich minerals – such as galena – can be found in Roman gold mines, such as at

Tres Minas (Newman, 2001, GG1), and so the concentration of lead probably

more frequently represents the mineralogy of the metal source rather than the
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Figure 38: Lead in Gold Coins Struck Between 50 BC and AD 480
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addition of silver bullion. While it shouldn’t be discarded, there is a need to

supplement this methodology with another discriminator element that is more

appropriate for Roman gold.

The additional element chosen here is bismuth. Silver ores and Roman

silver coinage are heavily associated with bismuth, and the relationship

between gold and bismuth is used to discriminate different sources of silver

used for Roman silver coinage (Butcher et al., 2014, 102-5; Mackerrel &

Stevenson, 1972; Pernicka & Bachman, 1983; Ponting, 2020a; Rodrigues

et al., 2011). The Roman gold coins analysed here are generally very low

bismuth, the median concentration of this element is below 1ppm across the

dataset; whereas, in Roman silver coins, the concentration of bismuth is much

higher, generally hundreds to thousands of ppm. For instance, Butcher et

al. (2014, 105) recorded a mean bismuth concentration of 0.1% (1000ppm)

across the first- and second-century Roman silver coins they analysed. An

issue with using the relationship between bismuth and silver in this way is that

different types of silver ore are associated with bismuth to varying degrees,

and then these different ores seem to be exploited at different points in time

by the Roman state. While Roman silver coinage generally contains orders of

magnitude more bismuth than Roman gold coinage, we cannot always expect

Roman silver sources to contain thousands of ppm of bismuth. The two most

213



likely primary sources of silver in the Roman world are argentiferous lead ores

and the silver extracted from complex jarosite ores (Ponting, 2020b, 33). ‘Dry

ores’, like cerargyrite and argentite, seemed to have become insignificant in the

Iron Age and exhausted by the first century AD (Craddock, 1994, 212), but we

cannot rule out that much older objects made from these types of silver ores

were recycled and restruck into Roman silver coinage (Butcher et al., 2014,

225). Of the most likely primary sources, jarosite ores tend to be associated

quite strongly with bismuth, containing up to 1% (10,000ppm) of this element;

and the argentiferous galena ore can contain between 0.1% and 1% (1000-

10,000ppm) bismuth (Butcher et al., 2014, 102; Ponting, 2020b, 39). However,

the oxidised lead argentiferous ores seem to contain very little bismuth and the

‘dry ores’ essentially contain none or a concentration that is barely detectable

(Butcher et al., 2014, 102; Patterson, 1971, 315). So while Roman silver stocks

may on average contain hundreds to thousands of ppm of bismuth, depending

on the specific ore source exploited at the time the concentration of bismuth

can vary quite substantially.

A way around this uncertainty is to combine the observed relationship

between silver and bismuth in the gold coinage with analyses of the chemical

composition of the silver coinage. This allows us to identify when the Roman

state coined a stock of silver that contained a negligible concentration of

bismuth. As Woytek (2012b, 112) has shown, the minting of gold and silver

appears to have been closely integrated, at least in the late first and early

second centuries AD. As such, if the gold coinage was debased with silver, we

should probably expect the same silver used to produce coinage to have been

added into the gold. Two defined, separate stocks seems highly implausible.

We currently have a good corpus of analyses for silver coinage up until the

early third century (Burnett & Craddock, 1983; Butcher & Ponting, 2012;

Butcher et al., 1997; Butcher et al., 2014; Gitler & Ponting, 2007; Ponting,

2020a; Rodrigues et al., 2011). After this point the silver coinage became more

of a ‘silvered’ coinage, and so the analytical focus switches to the source of

the copper which made up the bulk of the coin and the method of silvering.

For the late Roman and early Byzantine period we seem to be reliant on the

analysis of silver plate and objects (Meyers, 1992; Scott, 1990; Vulić et al.,

2017; Wood et al., 2017), which, generally speaking, are less precisely dated

than coinage. For the periods for which we do have evidence, it would appear

that the exclusive use of silver ores that do not contain any bismuth is very

rare. When ‘very low bismuth’ silver ores are used for silver coinage by an

emperor they appear to be used alongside other types. This generally means

the bismuth concentration across all the coins produced ranges across the low
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hundreds of ppm – this can be seen in the post-reform denarii of Nero and

in Flavian denarii (Ponting, 2020a, Figs 8.4, 8.8). The more exclusive use of

essentially bismuth-free ore can be seen in the corona civica issues of Nero in

AD 60/1 and under Vitellius during the AD 69 Civil Wars (Butcher et al.,

2014, Figs 8.18, 10.9). These examples are short lived, however, and generally

speaking the chemical analysis of Roman silver coinage supports the notion

that we can expect Roman silver stocks to contain from the low hundreds to

thousands of ppm of bismuth.

Looking at the relationship between bismuth and silver has been

elucidating on a number of occasions. For example, there is a very strong

correlation between silver and bismuth in the aurei produced between AD 80

and AD 137, suggesting that the very small amount of silver in the coin was

deliberately added in from an external stock of silver. Without combining

the trace element data with the XRF results this production technique could

easily be overlooked. Equally, there is not enough evidence to conclude

that the debasements at the very beginning of Vespasian’s reign were always

conducted by adding silver into otherwise pure gold. The correlation between

the silver and bismuth contents across Vespasian’s gold coinage is weak, and

when looking at individual impure gold coins there is no clear pattern to the

relationship between silver and bismuth either. For some it would appear that

the silver was added in, given their bismuth content and the fact that the

silver used under Vespasian seemed to contain up to a few hundred ppm of

bismuth. For others it would appear that they were struck from incompletely

parted gold. The same weak relationship between silver and bismuth and

the inconsistencies between individual impure gold coins can be seen in the

debasements shortly after Constantine’s civil war with Licinius. Again, even

though the gold coinage is impure at this time, there is not convincing evidence

that this was always the result of adding in silver to otherwise pure gold.

As such, the use of metallurgical data – at both major element and trace

element level – can help to develop a narrative of how production techniques

changed with periods of debasement, and over time more generally.

7.1 The Purity of the Aureus: 50 BC to AD 200

The XRF results from the aurei of this period are quite straightforward.

Between 50 BC and the beginning of the AD 68/69 civil wars, the mean purity

of the aureus was 99.6%. The least pure coin in this set was 98.90% gold

and the most was 99.95% pure. Aurei issued from 46 BC to 18 BC in the
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Ashmolean’s collection are struck at Rome, Gallia Cisalpina, Colonia Patricia

and Pergamum (amongst other mints). Then, between 15 BC and AD 63 aurei

were struck at Lugdunum and from AD 64 gold was again minted at Rome

(Suspène, 2017; Wolters, 2012). Across these years there was no significant

difference detected by XRF between the products of different mints controlled

by ‘the state’. This final caveat is important as Suspène et al. (2018, Fig.

2) have shown that the aurei produced by the Liberatores92 from 43-42 BC

could regularly drop as low as 97-98% pure. The Ashmolean collection does

not contain any examples of these coins, but the high purities recorded for

the aurei minted at Rome during the 40s BC is congruent with the pattern

presented by Suspène et al. (2018).

From approximately AD 72 until the end of the second century, the aureus

had a mean purity of 99.3%. All aurei sampled here were minted at Rome. All

of these results are congruent with those presented by Suspène et al. (2020),

Bocciarelli et al. (2017, 178) and Callu et al. (1985, Fig. 12). The Ashmolean

collection contained an anomalously impure aureus of Hadrian from AD 137,

and there appears to have been a slight inconsistency in the purity of the aureus

during the reign of Antoninus Pius. In all, however, for over 240 of the 250

years presented here the aureus was characterised by metallurgical stability in

terms of its major element composition (Figure 39). Serious inconsistency in

the purity of the aureus between 50 BC and AD 200 can only be found during

the AD 68/69 civil wars and their immediate aftermath.

This is in quite clear contrast to the weight standard of the aureus,

which seems to have changed ten times across the duration of this period,

eight of which were a reduction compared with the previous target weight.

Furthermore, when there was a degree of stability in the strike weight during

the second century, it appears that the state allowed worn aurei to remain in

circulation, which culminated in a gold coinage pool that had almost half of its

aurei weighing below 7g. Compared with the c. 7.3g strike weight of the time,

an aureus that had worn down to under 7g had effectively experienced a c.

5% weight reduction – equivalent to some of the formalised reductions of the

aureus standard seen in this period. A reduction in the purity of the aureus and

a reduction in weight effectively had the same outcome – each aureus contained

less gold. So why did the Roman state seemingly take so much care to preserve

the purity of aureus, but seemed to be happy to either reduce the strike weight

of the coin or allow it to become worn in circulation?

On a practical level, a weight reduction is much easier for the user of the

92Julius Caesar’s assassins, led by Marcus Junius Brutus and Gaius Cassius Longinus, who

were fighting against the Second Triumvirate of Octavian, Mark Antony and Lepidus.
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Figure 39: The Purity of Aurei Struck Between 50 BC and AD 200 Determined

by XRF
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coin to assess than a metallurgical debasement. A weight reduction of a few

tenths of gram can just about be detected by feel, but it can be easily and

accurately detected using a simple set of scales. A metallurgical debasement,

on the other hand, is much harder to detect. A major debasement of the gold

coinage would almost certainly cause the colour of the coin to change, but a

small debasement would be hard to visually identify - even more so if silver

and copper were added in such a way that the colour of the gold was somewhat

preserved. We know that touchstones were in use in the ancient world (Oddy,

1986), but without access to a variety of strong acids this technique was, again,

based on the ability to visually detect colour differences. The final option

was to attempt to refine out any suspected impurities and weigh the mass of

pure gold left at the end; this, of course, involves the individual destroying

their coin, and the face value that came with it. A weight reduction, then, is

relatively straightforward, open, and easy for the user of the coin to detect and

assess. A purity reduction is more complicated: its extent is hidden from the

user and it is much more difficult to accurately quantify.

By keeping the purity highly consistent the Roman state is effectively

trying to breed trust in the gold coinage. An individual is much more likely

to be, or at least feel, deceived by a small debasement than they are by a
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weight reduction. Furthermore, if an individual can trust that the aureus

was generally pure gold, then all they had to worry about to determine the

intrinsic value of a coin was its weight. In the reverse system - where the

weight standard is trusted to be stable but the purity is not - the user not

only has to find a way to accurately determine the purity of the coin, but also

has to take into account incidental weight loss through wear to determine the

intrinsic value. As such, not only is an individual at a greater risk of deception

in the second system, but they also have to go through much more effort to

protect themselves from it. By ensuring a high purity gold coinage, then, the

Roman state was instituting a much simpler system of trust for individuals to

have faith in. Users are better able to determine the risk they are undertaking,

helping to breed ‘egocentric’ trust, and a consistent purity allows the user to

have ‘cognitive trust’ in the gold coins the Roman state issued.

Of course, not all economic decisions in the Roman world were rational

ones. Walker (1978, 106) states that Roman economic ideas were inseparable

from moral ideas, and Butcher et al. (2014, 8) broadly agree that rational

economic ideas did not always govern Roman economic decisions. As argued

in the discussion of the third-century metrological data, the office of the

emperor held ceremonial responsibility for upholding religious, moral and

social standards due to the absorption of the powers of the Pontifex Maximus

and the Censor. As such, we can perhaps see the restoration of the purity

of the denarius under Domitian and Diocletian as acts of ‘moral revivalism’

(Williams, 2007, 177-8), which advertised to the public that the emperor was

upholding ‘standards’ at a wider level. Considering this, it can be argued that

there is a moral dimension to the decision to debase in the Roman world. If

restoring the purity of the coinage can be seen as a morally upstanding thing

to do, then it is not totally irrational for the state to be wary of debasing the

gold coinage for fear that the emperor would be perceived to have been failing

in his duty to maintain standards more generally (Suspène et al., 2020, 59-60).

The gold coinage was the highest value denomination that effectively anchored

the monetary system in this period – to some extent it was a projection of the

power and health of the Roman state, where perhaps the silver was less of

a ‘flagship’ denomination. Refusing to debase the gold coinage, then, could

help an emperor project his commitment to, not only upholding standards,

but maintaining the power and prosperity of the empire at large. Equally, it

may have helped to not undermine any ‘affective’ trust in the gold coinage.

There is only one obvious period of major, formalised debasement between

50 BC and AD 200, which occurred during the AD 68/69 Civil Wars and

their immediate aftermath. Bocciarelli et al. (2017, 178, fig. 3) also

218



detected intermittent debasements of one or two percentage points at this

time, although the Ashmolean collection seems to contain a number of much

more heavily debased issues. Of the six aurei of Galba analysed, one was

heavily debased at only 89.3% pure; of the four aurei of Otho analysed, one was

heavily debased at only 83.7% pure; and of the four aurei of Vespasian with an

earliest issue date of AD 69 analysed, two were debased at 93.9% and 97.2%

pure. After the civil wars it seems to have taken a few years for Vespasian to

restore the purity of the aureus. Aurei issued in AD 70 and AD 71 cluster at

around 97% pure, but by AD 72 they seem to be clustering at approximately

99% pure again (Figure 40). Both pure and debased aurei are produced at

Figure 40: The Purity of Aurei Struck Shortly Before and After the AD 68/9

Civil Wars Determined by XRF
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Rome, Tarraco and Lugdunum in this period (Figure 39). These debasements

are all relatively short lived, and should probably be seen as a product of the

acute instability brought on by the various civil wars these claimants for the

throne were fighting. We have to assume that the fiscal inadequacy of the

claimants played some part in these debasements, but we cannot rule out that

our competing emperors did not always have access to the time, resources and

skilled labour needed to produce a consistently high purity gold coinage. The

level of debasement that is seen is not insignificant, however. Aurei that are

only 80% to 95% pure are not produced again until the ‘Third-Century Crisis’,
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which should give some idea of the disruptive impact of the AD 68/69 civil

wars. Furthermore, it seems that a few years recovery time was required before

the state was able to start producing aurei at full purity again. Considering all

this, the ‘year of the four emperors’ is not just an historical bridge between

two successful dynasties, but a significantly disruptive event in its own right.

While historically significant, the economic effect of these debasements was

probably relatively muted. It seems that only some of the coins produced were

heavily debased during the wars themselves, and Vespasian’s more regular

debasement in the immediate aftermath was only by two percentage points

– and, of course, ended within a few years. In terms of trust, it is unlikely that

the production of these coins did much to shake the faith of individuals in the

monetary system as a whole, considering how short-lived these debasements

were.

7.1.1 Production and Debasement Techniques

The reduced purity aurei of the AD 68/69 Civil Wars and of Vespasian’s early

reign do not always appear to have been products of a ‘traditional debasement’

(in the sense that the mint had a stock of pure gold into which it mixed less

valuable metals, in order to reduce the purity of the gold and effectively get

more coins out of it). Instead it would appear that at least on some occasions

incompletely parted gold was used instead, and that copper was only added

in when the silver content was above 4% - most probably to combat the colour

change produced by the high proportion of silver.

The gold used to create these debased coins had almost certainly been

refined to some extent, as only 3 of the 37 aurei analysed between AD 68

and AD 75 contained greater than 1% copper. However, 12 contained greater

than 1% silver, suggesting that either silver had been added in to a stock of

otherwise pure gold, or that the gold used had not been completely parted

from the silver. The vast majority of the aurei analysed here contained less

than 0.4% copper, which is in line with full purity aurei and suggests that

the copper was refined out of the gold. The silver, however, does not appear

to have been completely parted from the gold. There is a poor relationship

between the silver content of these aurei and both their bismuth and lead

content. As such, if external silver bullion was regularly being added into a

stock of pure gold, then we would expect to see a good relationship between

the silver content of the gold and the concentration of bismuth in the coin.

This is something that is seen in the debased gold coins of later centuries, but

generally not here. In aurei produced between AD 68 and AD 73, there was
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effectively no relationship between the concentrations of silver and lead, and

only a weak one between silver and bismuth.93 This suggests that silver was

not routinely being deliberately added into the gold coinage at this point in

time. The dominant source of the silver in the aureus appears to be the gold

itself.

The seemingly occasional use of unparted or incompletely parted gold

between AD 68 and AD 72 makes sense given the historical context. During

and immediately after the AD 68/69 Civil Wars, it is not unreasonable to

assume that the various competing emperors would have required quick access

to sizeable volumes of gold coinage to pay their armies, to pay for their

supplies and to make payments to their agents in order to secure their hold

on whatever power they had gained. Not parting the gold from all of its

alloying metals would allow the gold stocks to be stretched further during

periods of fiscal inadequacy. Furthermore, it is again not unreasonable to

assume that the competing emperors may not have had immediate access

to the materials, equipment and human expertise required to refine all of

the copper and silver out of their gold. Copper can be separated from gold

using the cupellation process, whereas the removal of silver requires the much

more complicated cementation process, which has to be run multiple times

to achieve full purity gold (Blet-Lamarquand et al., 2017; Notton, 1974). The

deliberate use of native incompletely parted gold is not only quicker, but is

much less resource intensive. Equally, the refiners may have been attempting

to produce full purity gold, but in the chaos of the civil wars – and perhaps

not being the normal workers used by the state – a few batches of substandard

product was delivered to the mint. If a particular batch of gold delivered to

the mint contained too much silver, and the pale colour of the metal betrayed

that it was impure, then copper could simply have been mixed into the batch

in order to restore the ‘gold’ colour to the gold.

If we look at each impure aureus from this period individually, then the

inconsistency in minting practice becomes clear. First there is the AD 68,

89.3% pure aureus of Galba produced at Tarraco.94 This contained 4.9%

silver and 10ppm of bismuth, which would suggest that a stock of silver that

originally contained around 200ppm had been added into the gold. This is

certainly plausible given the silver coinages produced at this time – denarii

of Galba generally contained up to c. 300ppm of bismuth (Butcher et al.,

2014, Fig. 10.3) and denarii produced at Spanish mints during the civil wars

could contain up to 1000ppm of this element (Ponting, 2020a, Fig. 8.7). As

93A correlation coefficient of 0.33 based on 32 coins dating between AD 68 and AD 73.
94Coin 79 - 4.9% silver, 5.8% copper.
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such, if silver had been added into the gold of Galba we would expect to

see an elevated concentration of bismuth, which is certainly present in this

coin. However, another aureus of Galba, also produced in AD 68 at Tarraco,95

contained approximately 1.4% silver, and so we would expect this to contain

a few ppm of bismuth had this silver been added in. In fact it only contained

0.3ppm, suggesting that incompletely parted gold was used to manufacture

this particular coin instead.

Next in AD 69 an 83.7% pure aureus was struck under Otho in Rome.96

This contained 10.9% silver and we would expect to see a noticeable spike in

bismuth had this silver been added in. Denarii of Otho generally contained

up to 300ppm of bismuth (Butcher et al., 2014, Fig. 10.3), and the same can

be said of civil war denarii produced in Rome (Ponting, 2020a, Fig. 8.7). This

aureus, however, contained only 1.5ppm of bismuth, and as such there is no

direct evidence that a stock of otherwise pure gold had been debased with

existing silver bullion. It is much more probable that the silver in this coin had

simply not been parted from the gold, rather than silver exclusively from an

essentially bismuth-free ore – which does not seem to be the dominant source

exploited for Otho’s coinage – had been kept unadulterated and then added

in great quantities to a stock of pure gold. Not parting the gold is a much

more efficient decision. Three other aurei of Otho of the same typology, RIC

II2 9, were analysed here. Two were above 99% pure and the third contained

1.14% silver97 – this latter coin had a bismuth concentration of just 0.15ppm.

All this, then, does not suggest the regular addition of external silver bullion

to aurei at this time. It is much more probable the gold for the very impure

aureus of Otho was not parted to completion and that there was no intention

to systematically debase the RIC II2 9 type aurei.

Finally, the Ashmolean collection has a number of slightly impure

aurei produced under Vespasian that seem to be manufactured from both

deliberately debased and incompletely parted gold. First there is an AD 69,

c. 97% pure aureus struck in Tarraco.98 This contained approximately 2.8%

silver, but only 0.5ppm of bismuth. Again, the denarii of Vespasian seem

to generally contain an appreciable concentration of bismuth, ranging up to

800ppm (Butcher et al., 2014, Fig. 12.3), and denarii produced at Spanish

mints during the AD 69 civil wars normally contained hundreds of ppm of

bismuth (Ponting, 2020a, Fig. 8.7). For similar reasons outlined above, it

95Coin 72.
96Coin 91 - 10.9% silver, 5.4% copper.
97Coin 84, 87 and 89 respectively.
98Coin 83 – 2.8% silver, no copper detected by XRF.
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is probable that the coin was manufactured from incompletely parted gold.

Similarly at Rome in AD 70 a c. 97.5% pure aureus was struck that contained

approximately 2.5% silver.99 While generally containing less bismuth than at

Spanish mints, denarii stuck at Rome during the civil wars could still contain

up to 300-400ppm (Ponting, 2020a, Fig. 8.7). As such, we would expect to see

at least a part per million or so of bismuth; the concentration in this aureus is,

in fact, 0.09ppm, suggesting that production from incompletely parted gold

was the probable technique used here. However, it must be acknowledged

that denarii produced from AD 69-70 in Rome cluster towards being very

low bismuth, having concentrations generally below 50ppm (Butcher et al.,

2014, Fig. 12.10), and so we cannot rule out that very low bismuth silver

has been added in at this time. In AD 72 another aureus was produced

at Rome that contained 1.1% silver,100 which had a bismuth concentration

of approximately 4ppm. From this we can infer the addition of silver that

contained around 400ppm of bismuth, which is certainly plausible given the

analysis of Vespasian’s denarii produced at Rome in this year (Butcher et al.,

2014, Fig. 12.10). Yet, a year later, an aureus with almost identical silver

content of 1.0%101 is produced here that contained only 0.07ppm of bismuth

– suggesting that the silver in the coin was simply not parted from the gold.

Between AD 72 and AD 73, denarii produced at Rome contained around

400ppm of bismuth, and so we would expect to see an elevated concentration

of bismuth had silver been added into the gold at this time (Butcher et al.,

2014, 332).

The collection included two further debased issues of Vespasian from

the mint at Lugdunum in AD 71. The first contained 1.81% silver102 and

approximately 4ppm of bismuth, and the second contained 1.95% silver103

and approximately 3ppm of bismuth. Denarii produced during the civil wars

at Lugdunum generally contained hundreds of ppm of bismuth (Ponting,

2020a, Fig. 8.7), and denarii of Vespasian struck at Rome in AD 71 are

characterised by an uptick in the concentration of bismuth compared to his

earlier issues (Butcher et al., 2014, 332). As such, the addition of a silver

stock that contained around 150-250ppm at Lugdunum at this time is, again,

completely plausible. The final debased issue of Vespasian in the Ashmolean’s

collection is from an unknown mint produced at some time between AD 69

99Coin 93 – 2.5% silver, no copper detected by XRF.
100Coin 99 – 1.1% silver, 0.13% copper.
101Coin 100 – 1.0% silver, no copper detected by XRF
102Coin 94 – 1.81% silver, no copper detected by XRF.
103Coin 95 – 1.95% silver, 0.31% copper.
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and AD 79. This aureus is c. 94% pure and contains 4% silver.104 This coin

does contain some bismuth, just over 3ppm, and so may be the product of

adding in silver bullion that originally had 50-100ppm in it. This is certainly

possible: quite a few silver coins produced by Vespasian had a bismuth content

below 100ppm (Butcher et al., 2014, Figs. 12.3, 12.10) and these lower bismuth

levels can be seen at the mint at Rome during the civil wars (Ponting, 2020a,

Fig. 8.7).

Across the civil war period and the first few years of Vespasian’s reign, there

is very little evidence that the silver debasements seen in the gold coinage

were always conducted by the addition of silver bullion. Across these coins

the relationship between silver and lead, and between silver and bismuth, is

very weak – and so there is no direct evidence for the regular addition of silver

to be found there. When investigating the impure coins at an individual level

the evidence remains mixed. Of the eleven coins surveyed above, there was

only direct evidence for five of these having been debased by the addition of

silver. Indeed the most impure coin in this set – the 83.7% pure aureus of Otho

– was most probably a product of incompletely parted gold. Regardless of

the technique, the debasements during the civil wars seem to be quite erratic

and it does not appear that a particular purity was aimed for. Indeed, only

the very impure coin of Galba and the uncertainly dated issue of Vespasian

seem to present clear evidence for having been deliberately debased with silver

bullion during the civil wars themselves. The silver in the rest of the aurei

struck between AD 68 and AD 70 appears not to have been parted out of

the gold. Inconsistency and error in the gold refining process at this time is

not particularly surprising, especially if the process was being rushed or a

consistently full purity product was not deemed essential. Woytek (2012b,

100-17; 2020, 125-8) identifies the various workers and officials involved in

coin production and quality control at the mint, and so we should not be

surprised if the civil wars affected the human parts of this well-oiled machine.

Once Vespasian had control of the empire we would expect to see a degree of

consistency restored, even if the stock of gold still had to be stretched. This can

perhaps be seen in the AD 71 issues from Lugdunum where both aurei seem

have c. 2% of silver deliberately added into the coin. Even then between AD 70

and AD 73 at Rome it would appear that silver was occasionally deliberately

added in and at other times not parted out of the gold. By the latter half of his

reign, however, Vespasian clearly had control of the fineness of his aurei: from

AD 74 onwards none of his aurei analysed dropped under 99% pure.

104Coin 90 – 4.02% silver, 2.06% copper
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Copper debasements are much rarer in this period, but three can be

detected. We can be more confident that when we see a few percentage

points of copper in the gold coinage that this has been deliberately added into

the stock of gold. Native gold normally contains under 1% copper (Guerra

& Calligaro, 2004; Raub, 1995), and sequestering gold from smelted ores

involved separating the gold-silver mix from associated base metals (Bachman,

1995; Healy, 1979). Furthermore, we only see copper concentrations at

the percentage level when there is above 4% silver in the coin. This is

the approximate area where colorimetric methods, like a touchstone, would

probably be able to detect that the gold was impure (Oddy, 1986, 164-5).

As such, it would seem that copper was deliberately added into gold with

a high silver content in order to darken the colour of the alloy and make

it appear to be a much ‘more gold’ gold. In ancient Egypt, compositional

analysis has shown that during the New Kingdom gold objects with elevated

copper contents (as high as 10%) became increasingly typical, suggesting the

deliberate and regular addition of copper at this time to darken the colour of

the objects (Ogden, 2000, 162-4). This is probably what happened during the

production of the AD 68, 89.0% pure aureus of Galba,105 the AD 69, 83.5%

pure aureus of Otho106 and the AD 69, 93.8% pure aureus of Vespasian.107

More direct evidence can be seen in the impure aureus of Galba. The rest

of Galba’s aurei contain an average of only c. 1.5ppm of antimony, whereas

the impure aureus contained 34ppm. Galba was clearly not making use of

an antimony-rich gold source at this time, and we know that Roman copper

objects have regularly been found to be antimony-rich (Pollard et al., 2015),

and so it is probable that this spike in antimony is a result of the deliberate

addition of copper into the coin.

A formalised debasement of the aureus cannot be detected for the

remainder of the first and second centuries. However, this does not mean that

minting practices remained totally consistent. On a number of occasions it

would appear that aurei were minted at inconsistent purities, which appeared

to be the result of both incomplete parting of the gold and the addition of too

much silver. The addition of a small amount of silver bullion into a stock of

pure gold seems to have been an established production technique, even when

the state was producing very high purity gold coinages. In the aurei produced

from the reigns of Titus to Hadrian, there is a very strong relationship108

105Coin 79 - 4.9% silver, 5.8% copper.
106 10.9% silver, 5.4% copper.
107 4.02% silver, 2.06% copper.
108 A correlation coefficient of 0.87 based on 36 coins dating between AD 80 and AD 137.
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between the concentrations of silver and bismuth, which suggests that silver

bullion was regularly added into the gold during this period (Figure 41).

Denarii produced in this period regularly contained hundreds to thousands

Figure 41: The Relationship Between Silver and Bismuth in Aurei Produced

Between AD 80 and AD 137
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of ppm of bismuth (Butcher & Ponting, 2012, 78-9; Butcher et al., 2014, Figs.

12.13, 14.9; Ponting, 2020a, Figs. 8.8, 8.12; Rodrigues et al., 2011, Fig. 4).

As such, we would expect to see this strong relationship between silver and

bismuth in the gold coinage if silver bullion was regularly added into a stock

of otherwise pure gold.

This was not associated with any meaningful debasement, however. Aurei

of this period in the Ashmolean’s collection had a mean purity of 99.1%109

and so it is improbable that the addition of silver represents a serious attempt

to stretch the state’s gold stocks further. Clearly, on occasion, an erroneous

concentration of silver has been added into the gold stock. For example,

under Titus, otherwise full purity aurei stand in stark contrast to the c. 97%

pure issue110 struck in AD 80. The coin contained approximately 2% silver

alongside just over 6ppm of bismuth, which suggests that this silver has been

109This is excluding the anomalously impure c. 90% pure coin of Hadrian in the Ashmolean’s

collection. With this coin included the mean is 98.9%.
110Coin 115 – 2.17% silver, 0.51% copper.
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deliberately added into the gold. Denarii of Titus struck in AD 80 seem to

cluster in two distinct groups. One contained essentially no bismuth and the

other a few hundred ppm of bismuth, with the latter group being the dominant

one (Butcher et al., 2014, 351-2, Fig.12.13). As such, the addition of silver

bullion containing approximately 300ppm of bismuth is completely plausible

at this time. Another instance can be seen under Hadrian, where a c. 90% pure

aureus was struck in AD 137.111 This contained c. 6% silver and had a bismuth

concentration of just over 10ppm, which suggests the addition of a stock of

silver that contained approximately 175ppm of bismuth. Denarii of Hadrian

seem to be relatively rich in bismuth, regularly containing up to 2000ppm

of this element (Butcher & Ponting, 2012, 77-8). As such, the addition of a

silver source containing a few hundred ppm of bismuth is more than possible

– if anything we would expect more bismuth in the coin. Once again, an aureus

with over 4% silver seems to have had a significant proportion of copper added

into it. Here the c.6% silver is accompanied by c. 4% copper, presumably to

combat a colour change in the metal.

Of course, not all the silver in the aurei of Titus to Hadrian necessarily came

from external sources. There are three examples under Hadrian where aurei

contain 1-2% silver, but do not have an associated uptick in their bismuth

concentration.112 Each of these coins contained less than 1ppm of bismuth,

and had this come from silver bullion we would expect the addition of a

source that contained 30-60ppm of bismuth. While this is not impossible,

given the range of bismuth values in Hadrianic denarii (Butcher & Ponting,

2012, 77-8) it is much more plausible that incompletely parted gold was used

to manufacture some or all of these particular coins. In terms of the general

trend, these sorts of aurei are offset by examples that contain over 1ppm of

bismuth, but less than 1% silver (Figure 41). Ultimately, across this subset of

the data there is a very strong correlation co-efficient – 0.87 – between silver

and bismuth.

It would be unfair to call the slight inconsistency in the purity of the

aureus during the reign of Antoninus Pius a ‘major debasement’, but there is a

detectable drop in the gold content of some coins that is worth investigating.

There are noticeable troughs between AD 145 and AD 150 and between AD

155 and AD 161, where some aurei are between 2% to 3% debased. This

seems minor, but when we expect aurei to be clustering at 99% pure, even

slight inconsistencies become noticeable. If there was a deliberate debasement,

then it was not being conducted using base metals: almost all the aurei of

111Coin 148 – 5.89% silver, 3.93% copper.
112Coin 137, 138 and 140.
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Antoninus Pius in the Ashmolean’s collection had copper contents that were

below detection levels. Instead it would appear that this inconsistency in the

purity was caused by the addition of silver. There is a strong relationship113

between the concentration of bismuth and the concentration of silver in the

aurei of Antoninus Pius’ reign. This suggests that searching for examples of

aurei that have been deliberately debased by the addition of silver will be

fruitful; however, the correlation is noticeably weaker than that seen in the

data from Titus to Hadrian, and so we should expect to see examples that

can only really be explained by the use of incompletely parted gold as well.

Indeed, under Antoninus Pius denarii are even richer in bismuth that under

Hadrian, regularly containing thousands of ppm (Butcher & Ponting, 2012,

79). We would, then, certainly expect for aurei deliberately debased with silver

at this time to have a noticeable concentration of bismuth.

Of the eight aurei of Antoninus Pius that contained greater than 1% silver,

four show some kind of evidence for having been debased by the addition of

silver. The strongest example is the c. 97% pure coin struck in AD 157.114

This coin contained c. 3% silver alongside 50ppm of bismuth, from which

we can infer the addition of silver bullion that contained 1600-1700ppm of

bismuth. This is congruent with the analyses of contemporary denarii. Three

other aurei of Antoninus Pius consisted of 1-2% silver and contained a few

ppm of bismuth.115 From these coins we can infer the addition of a stock of

silver that originally contained a few hundred ppm of bismuth at these times.

While a little underwhelming, silver containing a few hundred ppm is possible

under Antoninus Pius and was certainly in use under Hadrian (Butcher &

Ponting, 2012, 78). Regardless, it would appear that in these coins there is

good evidence to suggest that the silver was deliberately added in. The other

four aurei,116 however, show no evidence that their silver contents are as a

result of the deliberate addition of silver. Each contains between 1% and 2%

silver and all consist of less than 0.2ppm of bismuth – they essentially contain

none. Given that denarii of the mid-second century regularly contain hundreds

to thousands of ppm of bismuth, it would seem almost certain that the silver

in these particular coins was not parted from the gold.

It would seem that the same proportion of silver was not being added in to,

or allowed to remain in, each issue of aurei struck by the mint under Antoninus

Pius. As such, do the troughs in purity in this period represent a deliberate

113 A correlation coefficient of 0.68 based on 21 coins dating between AD 140 and AD 160.
114Coin 169 – 2.99% silver, no copper detected by XRF.
115Coins 159, 161 and 163.
116Coins 151, 159, 160 and 162.
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instruction from the state to debase at these times, or do they represent the

products of unscrupulous or imprecise mint work? The fact that aurei were

allowed to contain silver during this period is not immediate evidence that the

state was purposefully debasing its gold coinage. It seems that the deliberate

addition of silver had been occurring for a number of decades within the

aureus production process and during this time it had not been associated

with a formalised, regular or coherent debasement. We should, rightfully,

be suspicious of the aurei that are 2% to 3% debased, but, if the state really

was undertaking a deliberate debasement for financial gain at this time, we

would expect to see either far greater or far more common debasements. By

only occasionally choosing to debase, and even then only adding an additional

1% to 2% of silver into only some of the coins that were being produced, the

financial gain would have been negligible. Equally, the same can be said for

running the parting process to completion on most of the gold, but deliberately

making a small number of coins from incompletely parted gold. Instead it is

more probable that the inconsistency in fineness reflects inconsistent work at

the mint.

At a charitable level, perhaps mistakes were now occasionally being made

when small amounts of silver were intended to be added into the gold. At

a more cynical level we could posit that unscrupulous mint workers were

knowingly adding in too much silver and creaming off some of the gold that

was now being saved. Interestingly, in the aurei produced between AD 161 and

AD 193, there was no longer any relationship between the concentrations of

bismuth and silver in the coins. A small amount of silver seems to have been

irregularly associated with the aureus production process since the reign of

Titus, and so it would appear that Antoninus Pius’ successors had overhauled

operations. The inference here is that they were reacting to something. An end

to a state ordered debasement would not require an overhaul of the production

process, the mint would simply be instructed to mix in less silver. However,

if the state felt the mint could not be trusted to carefully or scrupulously add

alloying metals into the gold, then removing the possibility of adding silver at

all during the production process makes a lot of sense. Moreover, the denarii

of Marcus Aurelius, Lucius Verus and Commodus all regularly contained

thousands of ppm of bismuth (Butcher & Ponting, 2012, 78-9), meaning it

is highly improbable that the addition of very low bismuth silver has been

overlooked. Equally, the inconsistent parting of the gold seems to have been

ended as well, from which we can infer that the state was now overseeing its

gold supply chain much more closely. Within the Ashmolean’s collection, it

is not until the middle of the third century that aurei with greater than 1%

229



silver are seen again. In all, of the 21 aurei produced between AD 161 and

AD 193 held by the Ashmolean, only one – produced in AD 161 – dropped

below 99.1% pure. Whatever had caused the inconsistency in fineness under

Antoninus Pius had certainly been solved.

7.2 The Purity of the Gold Coinage: AD 201 to AD

311

The third century is when we can observe the greatest variability in the

fineness of the aureus. Despite the ‘Crisis of the Third Century’ traditionally

beginning with the assassination of Alexander Severus, the purity of the

gold coinage stays relatively stable until approximately AD 249/250, where

it would appear noticeable debasements began under Trajan Decius and

Trebonianus Gallus. In the first half of the third century, the purity of

the aureus ranged between 98.5% and 100% pure, with the 13 aurei in the

Ashmolean’s collection from this period having a mean purity of 99.5%.117

The Ashmolean only has a one aureus, of Gordian III, that was produced

between AD 230 and AD 249. As such, it is important to verify any trends

for this period by comparing the pattern seen here with the pattern seen in

Callu et al. (1985). Both data sets are in good agreement, with Callu et al.

also recording metallurgical stability until the reign of Trajan Decius, with

debasements beginning after this point. Again, the Ashmolean only has a

few coins issued in the 250s, but Callu et al. were able to analyse far more

and clearly showed that within a few years the debasements in the mid-250s

were just as severe as those that occurred around AD 260. From the end of

Aurelian’s reign it appears that the gold coinage became increasingly pure and

more consistently so. There is a jump in purity around AD 274 and another

around AD 294, both of which coincide with known periods of monetary

reforms. By the end of this period the gold coinage was again clustering at

98% to 99% pure (Figure 42).

Stability in the fineness of the aureus until AD 249 is an important

phenomenon to observe as it suggests the continuation of second century

trends more generally. The aureus having a consistently high purity is one of

its fundamental physical characteristics across the first and second centuries

– while the weight, iconography and issuing authority changes, the fineness,

generally speaking, does not. The fact, then, that the state continues to

issue full purity aurei at a time when it is clearly under considerable fiscal

117 Aurei from AD 202 to AD 241.
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Figure 42: The Purity of Aurei Struck Between AD 200 and AD 320

Determined by XRF
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pressure, suggests that it was trying to preserve this fundamental physical

characteristic and that it was important for it to do so. The continuous, almost

uninterrupted, production of high purity aurei from 50 BC until AD 249

suggests that, at a fundamental level, the aureus did not change conceptually in

this period either. In essence, that the fundamental way an aureus was valued

and conceived of by the state in AD 40 was the same in AD 140 as it was

in AD 240. In the discussion of the third-century metrological data, it was

broadly argued that the monetary history of this period was characterised by

relatively slow, rolling change rather than being defined by a single tipping

point - fundamental changes to how the aureus was valued or functioned were

the results of a ‘snowball effect’. It was further argued that the face value of the

aureus seems to have held for the majority of the first half of the third century,

but had certainly collapsed by AD 260 when it appeared the aureus was

now circulating by weight. The purity data fit in well with this overarching

narrative. First the strike weight became erratic, followed by particularly low

weight standards, and then a loss of trust in the aureus as a long-term store

of wealth amongst hoarders combined with a rise in bullionist behaviour. By

AD 250, it seems that the state was unable to continue producing full purity

gold coins: aurei of Trajan Decius and Trebonianus Gallus cluster between
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approximately 98% and 99% pure, and the data from Callu et al. (1985)

confirm that this began a steep decline. The debasements were slight at first,

but by AD 253 the aureus was routinely and significantly debased, and within

a few years of this the state had completely abandoned the weight standard

– and presumably the face value – of the gold coinage. The fact that the

weight standard and face value of the aureus appears to have been abandoned

shortly after a consistent purity was abandoned, gives further credence to

the notion that the high purity of the aureus was important for maintaining

its fundamental character. The loss of purity, after the loss of a consistent

strike weight and sensible weight standard, was perhaps the final straw for

the individuals who retained any confidence in the tariffed value of the coin.

As such, the XRF data clearly provide additional lines of evidence that can be

used to flesh out the final stages of the degradation of trust in the face value of

the aureus.

The debasements from the mid-250s until Aurelian’s reforms were the

most serious that the empire saw. The gold coins from this period in the

Ashmolean’s collection118 have a minimum fineness of 87.5%, a maximum

of 94.95% and mean of 91.4%, with coins scattering relatively evenly over

this range in purity. Callu et al. (1985, 90) argue for a stabilisation in the

purity under Claudius II that lasts until AD 283. However, the start date for

this ‘stabilisation’ is based on three aurei of Claudius II and one of Aurelian,

ranging from 87.7% to 96.8% pure: while having a slightly higher mean purity,

the purity the coins were minted at was still clearly erratic. Furthermore, the

ten aurei in the Ashmolean dating from AD 268 to AD 273 quite clearly show

that there was no stabilisation in the purity at this time – the debasements

are just as severe and erratic as under Gallienus, and the stabilisation in fact

comes after Aurelian’s reforms. The regular debasements in this period are

almost certainly powerful indicators of the fiscal inadequacy of the state at

this time: it did not have enough precious metal to meet its costs and so had to

stretch its gold stocks further. Since it would appear that from at least AD 260

onwards the aureus was a piece of circulating bullion, the debasements after

this point also cover the production costs of the coin. The state was almost

certainly issuing these coins as if they were full purity, and so the particularly

egregious debasements in this period would have posed a serious challenge to

any faith in this new system.

What makes this period particularly interesting is that there were two

different authorities producing gold coinage at this time. In AD 260 Postumus

118 Twenty-five aurei from AD 257 to AD 273.
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repelled the Franks at the Rhine Border, laid siege to Cologne and put

Gallienus’ son, Saloninus, to death (Lafaurie, 1975, 968-1000). With this

Postumus established the Gallic Empire that within a few years encompassed

Spain, Gaul, Germania and Britain. It should be pointed out that the Gallic

Empire does not necessarily have to be viewed as a separatist empire, as

Drinkwater (1987, 239-56) argues. Mairat (2014, 248-53) argues that the

iconography of coins of Postumus celebrate Roma and Gallia in traditional,

Roman ways: Roma is Aeterna, and Gallia kneels before her in the style of

a restored province. The Gallic Empire, then, was not seeking to split from

‘Rome’, but rather from Gallienus. Indeed, rather than being seen as evidence

for a form of Gallic separatism, the Gallic Empire can be seen as a symptom

of the wider political breakdown during the ‘Third-Century Crisis’ (König,

1981, 187-8). As such, we should not assume that there must have been a

radical divergence from the practices of the Central Empire. As the XRF data

show, the fineness of the aurei produced between AD 260 and AD 273 in the

two empires was remarkably similar (Figure 43). The 10 aurei of the Gallic

Figure 43: The Purity of Gold Coins Struck Under the Central and Gallic

Empires
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Empire analysed here had a minimum purity of 87.5%, a maximum of 94.9%

and a mean of 91.5%, with a standard deviation of 2.2. While this is not a

particularly large number of coins, Mairat (2014, 202, Table 2) was able to
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perform XRF analyses on the gold coinage of the Gallic Empire held by the

British Museum, and his data is congruent with the pattern presented here.119

The purity data of the 14 coins from the Central Empire produced in this

period are almost identical: a minimum of 88.2%, a maximum of 94.95% and

a mean of 91.4%, with a standard deviation of 2.1. The level of debasement

in the aurei produced in each of these empires was so similar that it almost

must have been by design. Even if this was purely accidental, it still casts

doubt on Hollard’s (1992, 77) claim, at least for the gold coinage, that the

coins of each empire would have been routinely rejected in the other, and

had differing legal statuses and market values. The gold coinage was almost

certainly circulating bullion at the time and given that, on average, the gold

appeared to be approximately the same fineness or at least debased equally as

erratically, it makes little sense for either state not to have accepted bullion of

the other. Indeed, the receiving state can simply melt coins of the other down,

use the alloy to strike their own and then (presumably) issue them as if they

were full purity – there is no disadvantage for the receiving state if the purities

remained approximately congruent. Generally speaking, circulation patterns

seem to suggest that there was no legal prohibition on coins from the Central

Empire being accepted in the Gallic, and vice versa (Mairat, 2014, 245).

By AD 274, Aurelian, either through force or diplomacy, had managed

to get Tetricus to step down and the Gallic Empire was reabsorbed into the

Roman Empire at large. In the same year his coinage reforms appeared to

have restored a degree of consistency to the weight of the gold coinage and

he seemed to have instituted a practice of striking much purer aurei. Where

aurei of the mid-third century clustered at approximately 91% pure, from

AD 274 to AD 294 the aureus had a mean purity of 97.6%.120 These aurei

from the last quarter of the third century had a standard deviation of 2.2,

so while the average purity was now much higher, the variability in purity

remained broadly similar to that which had been seen in the mid-third century.

However, this is largely dragged down by aurei of the ‘British Emperors’

Carausius and Allectus, which are struck between 90% and 95% pure. While

the Ashmolean collection has only four such aurei, the analyses collected by

Moorhead (2014, 227-8) are broadly in tune with these figures: Carausius’ gold

has a mean purity of 96.1% and Allectus’ has a mean of 94.4%. Excluding these

reduces the standard deviation to only 1.6 and brings the mean purity to c.

98%, suggesting that the Roman Empire at large was now making a consistent

119 His nine coins of Postumus have a mean purity of 90.6% (Ashmolean 92.1%) and his

seven of Tetricus have a mean purity of 88.1% (Ashmolean 89.9%).
120 Twenty-seven aurei from AD 275 to AD 293.
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effort to keep the purity of its gold coinage in a reasonably tight range close

to full purity. This decision was an expensive one. During the previous phase

of debasements, aurei, on average, contained approximately 4.3g of pure gold,

whereas now they generally consisted of approximately 5.1g of pure gold, due

to both higher purities and strike weights. At some level we should probably

see this as an indicator of the improved fiscal health of the state in the late third

century. However, this perhaps also demonstrates the state’s commitment

to shoring up and maintaining trust in the gold coinage. At this time the

individual had to trust that the state would continue to value its gold coinage

by weight, and not by its literal metallic value. The lower the purity of the

gold coin, the greater the risk the individual was shouldering: a new regime

could see the opportunity for profit in rejecting previously issued debased

coins and only accepting them back at their intrinsic values, which would leave

the holder of the debased gold at a significant disadvantage. By increasing the

purity of the coin, and consistently doing so, the state alleviated the risk to the

individual and made it easier to have faith in the coin as a piece of gold bullion.

Broadly speaking, the scale of the debasements seen in the mid-third century

were not seen again in the Roman period, and when there were noticeable

debasements in the mid-fourth and mid-fifth centuries these averaged out to

a 4% to 5% reduction. This all suggests that the restoration of purity in this

period was the beginning of a relatively consistent re-acknowledgement by the

state that trust in the gold coinage required a consistently high purity.

Shortly after the establishment of the tetrarchy by Diocletian, reforms

of the silver and bronze coinage followed: the weight standard of the gold

coinage had already been increased in AD 286; then, in approximately AD 294,

the new silver argenteus was introduced and the radiate was no longer struck

with the XXI mark, which accompanied it becoming an almost entirely base

metal coin (Estiot, 2012, 586-88). The various reforms around AD 294 have

not traditionally been seen to concern the gold. However, it would appear that

both the purity and the consistency of the purity of the gold were noticeably

increased at this point in time. The 25 gold coins in the Ashmolean’s collection

produced from AD 294 to AD 311 have a mean purity of 98.8% and a standard

deviation of only 0.75. This represents an increase in purity of approximately

one percentage point and a more than halving of the level of variability seen.

All this is most probably the product of an insistence on more precise and

tightly controlled minting practices as part of the AD 294 monetary reforms.

It also fits well with the pattern seen in the late third-century material, where

the state appeared to have renewed its commitment to striking purer and more

consistently pure gold coinages: this increase at the turn of the century is
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perhaps the next phase of that trend. Moreover, Diocletian’s gold coinage

struck before AD 294121 in the Ashmolean’s collection ranged from 95.4%

pure to 99.8% pure, and had a standard deviation of 1.4. This suggests

that the uptick in consistency was a result of these AD 294 reforms and

actually affected Diocletian’s own minting practices, rather than the sample

now excluding the coins of potentially less stable late third-century emperors.

Broadly speaking, these minting practices seemed to have held throughout the

duration of the tetrarchy, regardless of which of the augusti or caesares were

minting the gold coins.

7.2.1 Production and Debasement Techniques

Multiple phases of production and debasement have been identified above,

and as such it should be no surprise that the way the gold alloy was formed

across this period changes frequently. The beginning of the third century is

broadly an extension of the second: it would appear that Septimius Severus

continued to produce a high purity gold coinage that did not routinely have

external silver bullion added into it. In coins of his reign held by the

Ashmolean, the relationship between the concentrations of silver and bismuth

is non-existent – there is actually a negative correlation. Most of the coins

analysed are from the early part of Septimius’ reign, so it is probably safest

to say that he began by continuing the existing trend in production practices.

Furthermore, it would appear that the silver used at Rome to strike denarii

under Septimius Severus generally contained 500ppm up to approximately

3000ppm of bismuth (Butcher et al., 1997, 25; Gitler & Ponting, 2007, Fig. 6),

meaning it is improbable that the addition of very low bismuth silver has been

overlooked. By the time of Caracalla, however, this had changed. The nine

coins of the later Severans analysed122 had a very strong relationship between

their concentrations of silver and bismuth,123 suggesting that the addition of

silver bullion into a stock of well refined gold was now again associated with

the aureus production process. Some evidence for this can be seen in the aureus

of Caracalla struck in AD 215 that contained just less than 1% silver alongside

approximately 6ppm of bismuth,124 from which we can infer the addition of

a silver source that contained around 600ppm of bismuth. This sort of figure

for silver at the mint at Rome was certainly possible under Septimius Severus,

121 Seven coins with an earliest issue date of AD 284 and a latest of AD 294.
122 Four coins of Caracalla, three of Elagabalus and two of Alexander Severus dating from

AD 215 to AD 227.
123 A correlation coefficient of 0.92 based on the above coins.
124Coin 195 – 0.86% silver, 0.23% copper.
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and seems to continue to be so under Alexander Severus (Burnett & Craddock,

1983, 117) – the silver used at Rome then seems to contain a few hundred

ppm of bismuth. An aureus of Alexander Severus containing c. 0.5% silver

and 1.5ppm bismuth125 may well provide further evidence for this trend,

although we should probably be sceptical of basing a trend on tenths of one

per cent of silver. Ultimately there are not quite enough coins analysed with

noticeable concentrations of silver to really determine how frequently it seems

to be added into the gold stock. The Ashmolean’s collection has no aurei from

the 230s and only two from the 240s, so this data set cannot, unfortunately,

answer for how long any trend continued. The museum does have four gold

coins dating between AD 249 and AD 251, struck under Trajan Decius and

Trebonianus Gallus, which, when compared with the late Severan data, seem

to suggest that any addition of silver into a stock of pure gold had stopped by

this point. The slight, c. 1%-2%, debasement of these coins126 is not associated

with any uptick in bismuth, and was most probably a result of the incomplete

parting of gold.

As already stated, the Ashmolean’s collection is a little sparse for the mid-

third century, but it is much stronger for coins issued from AD 260 onwards.

The data from these aurei cover two distinct phases of production: that of

the Gallic Empire and that of the Central Empire. Both minting authorities

were significantly debasing their coins – on average by approximately 9% - but

seemed to have been doing so in slightly different ways when it came to adding

copper. Between AD 260 and AD 273 both of these minting authorities quite

clearly used external silver bullion to debase their gold coinages: there are

large spikes in the concentration of bismuth during these years that coincide

with large spikes in the silver content of the aurei analysed. Mairat (2014,

202) makes the point that it was improbable that contemporary silver coinages

were being used to debase the gold, as their copper contents were too high,

however his argument for the addition of silver bullion is based simply on its

presence.127 In essence, if there is a notable proportion of silver in the coin

it must have been added in. The relationship between silver and bismuth in

aurei from both the Gallic and Central Empires is in fact quite weak: while

sub-sets of the coins are both relatively bismuth and silver rich, as a whole it is

125Coin 203 – 0.48% silver, 0.16% copper.
126Coins 206, 207 and 208.
127 Indeed the claim that Valerian was the first to add silver into the gold coinage – seemingly

because his coins were the first to regularly have a notable proportion of silver in – is

probably incorrect given the strong relationship between bismuth and silver seen in the aurei
of preceding emperors. While they may not have been trying to achieve a debasement, it does

appear small amounts of silver were being routinely added into aurei long before Valerian.
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clear that silver is not solely coming from external silver bullion (Figure 44).

Figure 44: The Relationship Between Silver and Bismuth in Aurei Produced

Between AD 260 and AD 274
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Under the Central Empire there are aurei that have quite clearly been

debased by the addition of silver. The c. 93% pure aureus of Gallienus

from Mediolanum128 contained approximately 6.5% silver and had a bismuth

concentration of 20ppm, from which we can infer the addition of silver

containing around 300ppm of bismuth. On the other hand, his c. 90% pure

issue from Rome129 contains almost 7% silver, but only 2ppm of bismuth,

suggesting that incompletely parted gold was responsible for most of the

silver content of this coin. The other c. 90% pure aureus from Rome130

contained 8.5% silver and 4ppm of bismuth. So either a low bismuth silver

source had been exclusively used for this – which seems unlikely given a silver

source containing around 100-200ppm of bismuth seems to have been used

to debase other coins from Rome131 at this time - or silver had been put

into incompletely parted gold. The same mixed pattern can be seen under

Postumus in the Gallic Empire. An aureus struck at Lugdunum132 contained

128Coin 211 – 6.54% silver, 0.36% copper.
129Coin 217 – 6.83% silver, 2.45% copper.
130Coin 219 – 8.52% silver, 0.83% copper.
131Coins 213, 215 , 218, and 221.
132Coin 220 – 7.35% silver, 1.87% copper.
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c. 7% silver alongside approximately 7ppm of bismuth, suggesting a silver

source containing around 100ppm of bismuth was in use at this time. One

of his aurei struck at Cologne,133 however, consisted of just over 8% silver,

but contained only 1.5ppm of bismuth. The elevated silver content in this

coin is most probably a result of using incompletely parted gold. Finally,

bisecting these two examples there is the AD 259 issue from Lugdunum134 that

contained c. 8% silver alongside approximately 4.5ppm of bismuth. Again,

either relatively low-bismuth silver had been exclusively used, or additional

silver had been put into incompletely parted gold at this time. All this

would suggest that in both the Gallic and Central Empires aurei were probably

debased by the deliberate addition of silver, the use of incompletely parted

gold and by adding further silver to already silver-rich, incompletely parted

gold. This interpretation of the data is broadly in tune with the conclusions

drawn by Callu et al. (1985, 96-7), who argue that the gold used to strike

coinage by Valerian and Gallienus was not entirely purified and still contained

silver.

This period of aureus production under both the Gallic and Central

Empires is quite unique as it is the only the time where we see the Romans

making regular use of additional copper to debase their gold coinage. Copper

was only added irregularly during the AD 68/69 debasements, and even the

most debased aurei in the fourth and fifth centuries cluster significantly under

1% copper: by contrast the mean proportion of copper in aurei from AD 260

to AD 273 is 1.2%. In the Gallic Empire there is a very strong relationship135

between the concentrations of copper and antimony in the aurei produced,

suggesting that the antimony was coming in with the added copper (Figure

45). Copper that is solely rich in antimony is the dominant copper source for

Roman copper objects from Britain, and it is a source that is not present in

British Bronze Age objects (Pollard et al., 2015, Tables 5-6, Fig. 5). The most

probable interpretations of this are that either a ‘Roman’ antimony-rich copper

was imported into Britain or the Romans introduced a production technique

where copper was deliberately alloyed with antimony. We know that adding

antimony into copper lowers its melting point, increases its hardness and

can allow it to be cold-worked more efficiently (Junk, 2003, 26-9); and we

have tentative evidence for the deliberate alloying of copper with antimony in

133Coin 212 – 8.36% silver, 1.41% copper.
134Coin 210 – 7.77% silver, 2.51% copper.
135 A correlation coefficient of 0.76 based on nine coins produced by the Gallic Empire from

AD 260 to AD 273. The correlations with zinc and lead were non-existent, and the correlations

with nickel and tin were medial.
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Figure 45: The Relationship Between Copper and Antimony in Aurei Produced

by the Gallic Empire Between AD 260 and AD 274
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late Chalcolithic Anatolia (Dardeniz & Biehl, 2020; Zwicker, 1980, 17). The

Romans were using antimony as a decolouriser in glass (Paynter & Jackson,

2019), so it is not unreasonable to hypothesise that its effect on other materials

was experimented with. However, it is probably safer to assume that an

antimony-rich copper source was used. For example, in the early Saxon period

British copper objects are derived from an antimony- and gold-rich copper

source (Pollard et al., 2015, Tables 5-6, Fig. 5) and, having lost access to the

Roman Empire’s trade network, we can assume that this source was probably

in Western Europe. As such, it is highly plausible that the Gallic Empire was

debasing its aurei with an antimony-rich copper that it was sourcing from

within or near its ‘borders’. This could be from a copper mine that was

naturally high in antimony or from recycled copper objects that made use of

this distinctly Roman antimony-rich copper.

However, in the Central Empire it appears that quite different copper

sources are being used. During Gallienus’ sole reign there is no relationship

of any note between the concentrations of copper and the concentrations of

nickel, zinc, tin, antimony or lead. This would suggest that highly refined,

‘clean’ copper is being used to debase the gold coinage during this time and,

most probably from fresh copper ingots rather than recycled metal. This
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had certainly changed by the end of Gallienus’ reign. The aurei analysed

from AD 268 to AD 274 have a very strong relationship136 between their

concentrations of copper and tin (Figure 46). From this we can infer that the

Figure 46: The Relationship Between Copper and Tin in Aurei Produced by

the Central Empire Between AD 268 and AD 274
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‘clean’ copper stocks of the Central Empire used for debasement were now

being supplemented with recycled material, most probably existing copper-

tin alloy objects such as base metal coins in circulation. Moreover, there was

now also a very strong relationship between the concentration of copper and

the concentration of lead,137 from which we can again infer that the state was

partially using recycled copper and copper alloy coinages. For instance, the

presence of leaded gun metal and leaded bronze can be seen in Roman base

metal coinages (Carter & Buttrey, 1977; Étienne & Rachet, 1984; Klein & von

Kaenel, 2000; Riederer, 1974). As such, it would appear that the Central

Empire was using both fresh, ‘clean’ copper and well as tin- and lead-rich,

recycled copper to debase its gold coinages, whereas the Gallic Empire seemed

solely reliant on an antimony-rich source for its copper debasements.

From AD 275 there is a noticeable jump in the purity of the aureus, and

this happens again after AD 294. However, the method of debasement from

136 A correlation coefficient of 0.87 based on seven coins.
137 A correlation coefficient of 0.83.
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the time of Aurelian’s reform until the end of this period seems to have

been broadly homogeneous. From the reign of Tacitus to Diocletian’s coinage

reform in AD 294, the aurei analysed138 had a weak relationship139 between

silver and bismuth, and a medial relationship140 between silver and lead.

Excluding the ‘British’ emperors,141 of the 12 aurei that consisted of c. 1%

silver or greater, only two struck under Diocletian showed strong evidence

for deliberate debasement by the addition of silver. An issue from Siscia

contained 3.76% silver and 11.5ppm of bismuth, and an issue of Antioch

consisted of 1.33% silver and 15ppm of bismuth.142 The remainder either

contained essentially no bismuth, or so little that we would have to assume

the exclusive use of a very low bismuth ore. We lack comprehensive analyses

of silver from this period, but the use of very low bismuth silver seemed to

be very rare during the production of second- and early third-century silver

coins, and so it would be surprising to see it return in the material record.

Furthermore, analyses of the Philosopher’s Plate, dated loosely to the second

to fourth century AD, suggest that this c. 94% pure silver object contained

thousands of ppm of bismuth (Scott, 1990, Table 2). It is more probable, then,

that the majority of the silver in the gold coinages of this time came from the

incomplete parting of the gold.

From AD 294 until AD 311,143 there was no positive correlation with

lead and only a very weak correlation144 with bismuth. As before, it would

appear that the dominant source of the silver in these coins was incompletely

parted gold. Of the coins analysed from this date range, ten contained c.

1% or greater. Their mean bismuth concentration was 0.44ppm and only

one coin contained >1ppm bismuth. Of all the coins in this date range only

two contained >1ppm bismuth.145 Given that aurei here could contain up to

c. 2.5% silver, the fact we have no direct evidence for its deliberate addition

would suggest that its inclusion is a result of using incompletely parted gold.

As such, it would appear that the most probable interpretation of the late

third- and early fourth-century data is that aurei were regularly struck from

138 Twenty-seven aurei from AD 275 to AD 293.
139 A correlation coefficient of 0.28.
140 A correlation coefficient of 0.53.
141These aurei of Carausius and Allectus seem to be produced from incompletely parted gold,

with two – coins 257 and 258 – probably having additional silver put into incompletely parted

gold.
142Coins 254 and 255.
143 Twenty-five aurei from AD 294 to AD 311.
144 A correlation coefficient of 0.12.
145Coin 263 – 1.21% silver, no copper detected by XRF, 1.13ppm bismuth; and coin 276 –

0.82% silver, 0.12% copper, 1.37ppm bismuth.
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incompletely parted gold.

In both sets of coins the proportion of copper is particularly low: between

AD 275 and AD 293 the mean copper concentration by XRF is approximately

0.5% and from AD 294 to AD 311 it is just under 0.1%. As such, in both

of these time periods copper is not a major component of any process of

debasement. However, between AD 275 and AD 293 aurei are regularly

produced that contain over 0.5% copper, occasionally containing c. 1-3% of

this alloying metal. By contrast, from AD 294 until the end of this period, the

concentration of copper never goes above c. 0.3-0.4%, generally clustering

well under this figure. As such, it would appear that small amounts of

copper – probably deliberately added - are regularly associated with the aureus

production process in this first time period, but are clearly not in the second.

Between AD 275 to AD 293 there was a very strong relationship between

copper and both zinc and antimony. As many coins had a copper content

that was below the detection level for XRF, two correlation coefficients were

calculated. The first only used coins that had a proportion of copper that was

above the detection level for XRF. The second used all coins, but the figure for

copper was taken from the LA-ICP-MS results. In both data sets the copper

figures returned (very) strong relationships between copper and both zinc146

and antimony147 (Figure 47). The presence of zinc- and antimony-rich copper

would suggest that the state was making use of recycled Roman brass, most

probably from brass coinages. By the mid-third century, the brass sestertius

was no longer part of the regularly produced currency and by the time of

Aurelian it seemed to have fallen out of general use altogether (Bland, 2012,

515; Howgego, 1985, 67; 1995, 137). As such, it would make sense for the

state to be recycling and reusing brass coinages - or at least its stock of this

metal - in this way if it was no longer committed to producing them. All

the aurei that contain c. 0.5% copper or greater in this date range all have a

notable proportion of silver in them: a mean of 3.6% silver and a minimum

concentration of 1.3%. Not all the coins containing silver have a notable

proportion of copper in them, however. So, we can imagine a process by which

copper-alloy coins or ingots were occasionally thrown into the melting pot to

stretch the gold stock even further, or to darken the colour of the alloy if it was

perceived to be too pale. Since it does not appear that a great deal of copper

was added into the gold, existing copper-alloys in circulation or in the state’s

146 Copper above detection in XRF: a correlation coefficient of 0.77 based on 20 coins. Copper

obtained through LA-ICP-MS: a correlation coefficient of 0.80 based on 27 coins.
147 Copper above detection in XRF: a correlation coefficient of 0.63 based on 20 coins. Copper

obtained through LA-ICP-MS: a correlation coefficient of 0.77 based on 27 coins.
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Figure 47: The Relationship Between Copper and Antimony in Aurei Produced

Between AD 275 and AD 293
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possession could have most probably met the state’s needs at this time. From

AD 294 onwards, however, any use of copper, recycled or otherwise, appears

to have ceased. Whether the figures for copper were obtained via XRF or LA-

ICP-MS, the relationship between copper and any relevant trace elements was

either very weak or non-existent. Given that there was now very little copper

in the gold coinage it is most probable that copper was not being added in

at all, and the minor amount left in the coin was carried over from the gold

source.

7.3 The Purity of the Gold Coinage: AD 312 to AD

450

The pattern at the beginning of this period is broadly an extension of that seen

from AD 294: the gold coinage is relatively high purity and consistently so,

at least by the standards of the late Roman Empire. The gold coinage clusters

between 98% and 99% pure until AD 325, when we see the first of a series

of debasements that last until AD 367. From AD 325 to AD 367, the mean

purity of the solidus drops from c. 98% pure to c. 95% pure, before springing
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back up to almost full purity at some point in AD 366/7. ‘Full purity’ by

late antique standards seems to be around 99% pure. The sharp return to

full purity is almost certainly connected with the tax reforms governing the

treatment of the gold coinage during the tax collection process. From this

point on the solidus remains at effectively full purity until c. AD 450 and the

trends identified seem to hold for all mints until this point in time (Figure

48). After AD 450, however, we can begin to detect regional variation in the

purity of the solidi produced. In the latter half of the fifth century, mints in the

eastern Roman Empire were able to continue producing solidi that were very

high purity, whereas western mints gradually debased the gold coinage from

approximately AD 450 (Figure 49).

From AD 312 to AD 324 the gold coinage had a mean purity of 98.7%,148

which quite clearly suggests there was a continuation of the production

practices seen since AD 294. The introduction of the 4.5g solidus by

Constantine was not associated with any changes to the major element

composition of the gold coinage, and its consistently high purity reflects a

principle of production that had arguably existed since AD 275. As such, this

is further evidence that Constantine’s gold coinage was not a radical one, and

quite clearly continued late third-century practices. Furthermore, the five gold

coins of Licinius in this data set have a median purity of 98.5%,149 suggesting

there was no major regional variation between east and west at this time.

Almost immediately after becoming sole emperor in AD 324, Constantine

debased the gold coinage down to approximately 98% pure and the purity

of the solidus remained broadly at this level across the rest of his reign and

across those of his immediate successors.150 The initial debasement was most

probably a reaction to the financial strain caused by the series of battles

against Licinius: in AD 324 Constantine, supported by Frankish mercenaries,

fought against Licinius, supported by Gothic mercenaries, at Adrianople and

Chrysopolis, and their navies fought at the Battle of the Hellespont. This

‘target purity’, however, continued not just to the end of Constantine’s reign,

but into those of his successors as well – solidi are produced at this purity until

at least AD 347. The continued slight debasement of the solidus was most

probably an act of economic efficiency on behalf of the state. The state was

now, seemingly, committed to producing a metrologically stable gold coinage

that circulated by weight, and so the only real opportunity for profit was in

148 Twenty-five coins dating from AD 312 to AD 324.
149 The mean is brought down by one anomalously impure coin that is only c. 95% pure.
150 Twenty-eight coins dating from AD 325 to AD 347. These coins had a minimum purity of

96.3% and a maximum of 99.8%.
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Figure 48: The Purity of Gold Coins Struck Between AD 310 and AD 480

Determined by XRF
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Figure 49: The Purity of Gold Coins Minted at Eastern and Western Mints

Between AD 450 and AD 477
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debasing the solidus. Hoarders appeared to have still trusted the coin as a store

of wealth and as such it would appear that the state had successfully ‘cashed

in’ on the trust that existed within the gold coinage by not reverting to the

previous, higher ‘target purity’. Whether the state had the resources to revert

to the higher purity is a different matter, but the fact that solidi were produced

at a stable, relatively high purity for over twenty years does not suggest that

this was a time of acute fiscal crisis.

The next series of debasements do, however, suggest this. By AD 350 the

purity of the solidus had dropped to 96.7%151 and this debasement was present

in the coins of both Constantius II and Magnentius. The level of debasement

in the solidi of these two competing emperors was broadly similar, and so

we can infer that they were most probably reacting to the same event. The

debasement in this period was almost certainly necessitated by the financial

strains of the civil war that Constantius II and Magnentius were fighting

against each other. The highest purity coin between AD 350 and AD 354 in

the Ashmolean’s collection was only 98.3% pure – the state had quite clearly

been forced to abandon even the illusion of a full purity gold coinage. By AD

355 the solidus had been debased even further: from here until the tax reforms

of AD 366/7 the solidus had a mean purity of just 95.4%.152 This continued

fiscal inadequacy can probably be attributed to the increased aggression of the

Sassanid Persians under Shapur II across this period. After a period of relative

peace in the east, hostilities resumed shortly after the death of Constantine

with the Persian invasion of Armenia in AD 338. However, throughout the

340s and early 350s conflict between these two states was fought to a relative

stalemate (Dignas & Winter, 2007, 32-3; Lim, 2010, 550) – perhaps epitomised

by the siege of Singara in AD 344 that ended so unsatisfactorily for both sides

that Eutropius (X.10) was able to record it as a Roman victory and Ammianus

(XVIII.5.7) able to record it as a defeat. This constant military and diplomatic

pressure from the Sassanid Persians, combined with the continued threats

along the western frontier (Ammianus, XV.8.1, XVI.12.1-4), most probably

gave the Romans very little fiscal breathing room and few opportunities to

recover from any internal economic strife. By the late 350s, however, this

pressure had turned into a Persian advantage: Shapur II had launched an

151 Twelve coins dating from AD 350 to AD 354. These coins had a minimum purity of 95.1%

and a maximum of 98.3%.
152 Fourty-nine coins dating from AD 355 to AD 367. These coins had a minimum purity of

83.0% and a maximum of 97.8%. Solidi struck after the AD 366/7 tax reform are regularly

marked with OB – obryza – signifying they are pure gold; coins with an earliest issue date of

AD 367 that are marked OB are not included in this subset of the data because of this.
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invasion into Mesopotamia, won an unequivocal victory at Singara and had

pushed into south-eastern Turkey with victories at modern day Hasankeyf,

Amida and Cizre all by AD 360. Shortly after this, the emperor Julian was

mortally wounded at the battle of Samarra in AD 363 and the Sassanids were

able to extract significant concessions from his effectively stranded successor

Jovian. While Valens was occupied with the Goths, Shapur was able to push

into what is now eastern Georgia and into the province of Armenia by AD 367;

it was only in AD 371 that Valens was able to win a victory against Shapur

and gain a truce that effectively divided the province between the two empires

(Dignas & Winter, 2007, 34). These Persian successes, while not the sole factor,

would have almost certainly catalysed the second stage of debasement that can

be observed between AD 355 and AD 367.

The sharp uptick in the purity of the solidus after the reforms of AD 366/7

should not be seen as an indicator of improved fiscal health, instead it is the

result of the state changing its conception of the gold coinage. The state was

now wholly concerned with the metallic value of the gold it was receiving

and no longer valued the solidus by overall weight, but by the mass of pure

gold it contained. The return to an almost full purity gold coinage reflects

these changes: trust in the gold coinage would have been hugely undermined

if the state issued heavily debased gold by weight and then valued its own

gold by metallic value when receiving tax payments – the restoration of purity

reflects the increased importance of the purity of the coin for determining its

value. Moreover, the events of the 360s and 370s were unlikely to have been

conducive for a large and sustained improvement in state finances. In the

east, Valens fought against the Visigoths at the beginning of his reign until

an unsatisfactory truce had been reached in AD 369, as his attentions were

now forced eastwards before being forced back to the Danube in AD 378 to

deal with Fritigern’s Visigoths and the Ostrogoths, where he ultimately died

at the battle of Adrianople (Ammianus, XXXI.12-3). In the west, Valentinian

I struggled against the Alamanni after they crossed the Rhine in AD 365 and

was only really able to push them back towards the end of AD 366 (Ammianus,

XXVI.5.12-3, XXVII.2.10). A revolt in Britain in AD 367 turned Valentinian’s

attention away from the Rhine, allowing the Alamanni to invade again, and

a peace was only reached in AD 368 after a Pyrrhic victory at the battle

of Solicinium (Ammianus, XXVII.10.15-7). Valentinian campaigned against

Macrian’s Alamanni unsuccessfully for the next six years, faced a revolt in

Africa and was forced into action against the Quadi on the upper Danube in

AD 374 (Ammianus, XXX.5.13). Generally speaking, the events in both the

east and west of the empire would suggest that state finances were under some
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strain in this period. Even with access to a new platinum-rich gold source -

which was active from approximately AD 340 and completely dominant by

AD 360 - the state continued with a debased gold coinage up until the tax

reforms of AD 366/7. All of this suggests that neither improved state finances

nor improved metal supply was the primary factor behind the restoration

of purity at this time, and instead it was a consequence of the changes to

the way the gold coinage was valued. Indeed, from AD 367 onwards, solidi

are regularly marked with OB – obryza – advertising to the holder that they

were pure gold. If the purity of coins with and without the OB mark are

plotted separately we can see that, broadly speaking, solidi with the mark

had effectively returned to full purity (Figure 50). Callu et al. (1985, Fig.

12) observed the same trend in their data, however, the Ashmolean collection

contained three aurei produced under Valentinian and Valens that, despite

having this purity mark, were only c. 85%, 90% and 93.5% pure. Even

accounting for these debased coins, this trend in the data is further evidence

that it was the tax reform that caused the restoration of purity at this time.

Figure 50: The Purity of Gold Coins With and Without an OB Mark from AD

363 to AD 379
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From AD 367 onwards the solidus is minted at almost full purity across

the empire. The mean purity of the solidus between the AD 366/7 tax reforms
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and AD 450 was 98.9%.153 The purity is slightly more erratic towards the

beginning of this date range, but between AD 375 and AD 450 the standard

deviation was 0.85 – the solidus had returned to being a consistently high

purity gold coinage. However, in AD 450 regional variation can begin to be

observed in the purity of the solidus (Figure 49). Mints in the eastern half of

the empire continued to strike the solidus at effectively full purity – the mean

purity of these gold coins in the Ashmolean’s collection was 98.8%.154 Western

mints, however, almost immediately began debasing their solidi after this

point: from AD 450 to AD 477 the mean purity of the gold coinage was only

96.0%.155 Between AD 450 and AD 472 western mints were striking solidi at

approximately 97% pure, with coins generally ranging from 94% to 98% pure;

after AD 472 things appeared to have deteriorated further, with solidi only

now being struck at 94.7% pure and ranging between approximately 82% and

98% pure. Broadly speaking, the Eastern Roman Empire was able to continue

the production practices of the late fourth and early fifth centuries, whereas

the Western Roman Empire was clearly increasingly unable to produce a full

purity gold coinage. At a simple level, the divergence in purities of the gold

coinage between these two sets of mints should probably be seen as a powerful

indicator of the respective fates of the eastern and western halves of the Roman

Empire. In AD 476 Romulus Augustus was overthrown and the Western

Roman Empire came to an end, whereas mints in the east continued producing

full purity solidi for approximately the next 500 years (Morrisson et al., 1985,

124).

7.3.1 Production and Debasement Techniques

The first half of Constantine’s reign sees a slight divergence from the

production techniques seen in the final years of the Tetrarchy. From AD 312

to AD 324, there was a strong relationship156 between the concentrations of

silver and bismuth, and a very strong relationship157 between silver and lead,

in the solidi analysed. This suggests that the small proportion of silver – c.

1.2% on average - in the gold coins of this period was deliberately added in,

153 One hundred and thirty-eight coins dating between AD 367 and AD 450. Coins with an

earliest issue date of AD 367 had to be marked OB to be included in this data set.
154 Twenty-two coins dating between AD 462 and AD 476 struck at mints in the eastern half

of the empire. These coins had a minimum purity of 98.0% and a maximum of 99.7%.
155 Thirty coins dating between AD 455 and AD 477 struck at mints in the western half of

the empire. These coins had a minimum purity of 82.3% and a maximum of 99.6%.
156 A correlation coefficient of 0.63 in twenty-five coins dating from AD 312 to AD 324.
157 A correlation coefficient of 0.79.
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rather than largely coming in with the gold (Figure 51). There is a distinct

Figure 51: The Relationship Between Silver and Bismuth in Gold Coins

Produced Between AD 312 and AD 324
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cluster of coins that generally contain less than 1% silver and under 0.5ppm

of bismuth, and a second group of coins that consist of c. 1-2% silver and

0.5-2.5ppm of bismuth. For this first group we would assume that no, or a

negligible amount of, silver had been added into the coin – and that their silver

content comes from the incomplete parting of the gold – and for the second

we can infer the addition of relatively low bismuth silver, probably containing

less than 100ppm of bismuth.It should be acknowledged that all these solidi

had quite low bismuth levels and were generally not heavily debased. If early

fourth-century silver coinage was struck from an equally low bismuth source,

then the elevated silver and bismuth content of this second group of solidi was

probably solely the result of the deliberate addition of this silver. However, if

a much more bismuth-rich source was in use, then we can perhaps infer the

deliberate addition of silver to already silver-rich incompletely parted gold. In

terms of continuity, Constantine’s solidi have effectively no copper in and the

tiny proportion of copper in the coin appears to have been carried in with the

gold, rather than deliberately added in.

In AD 325 the solidus began to be progressively debased with silver and this

continued until the tax reforms of AD 366/7. Generally speaking, the copper
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content of the coin remained very low until approximately AD 355, and even

for the final few years before the tax reform it was still barely above the XRF

detection level. As such, the debasements in the fourth century appeared to

have been conducted exclusively with silver. One would expect that this would

be associated with a strong relationship between silver and bismuth or lead,

as it could be quite logically assumed that the increased proportion of silver

is the result of more silver being added into the coin. However, between AD

325 and AD 355 there was only a medial relationship158 between silver and

bismuth, and effectively no relationship between silver and lead. This would

suggest that, while external silver bullion was probably still being added in,

incompletely parted gold was being used during these periods of debasement

– silver in the gold and silver from the mint were probably of approximately

equal responsibility for the reduced purity of the solidus at this time. Callu et

al. (1985, 96-7) make a broadly similar argument based on the relationship

between lead and silver in solidi of Constantius II. As argued above, however,

we should not expect the concentration of lead in the coin to always be a strong

predictor of whether silver was added, as it would appear that Roman gold

sources were generally lead-rich (Figure 38). By extrapolating from lead it

would appear that Callu et al. were not able to detect instances of when silver

was being added into already lead-rich gold: for example, in the latter years of

Constantius II’s reign.159

Plotting the relationship between silver and bismuth in these solidi reveals

a strong pattern in the data (Figure 52). Up to approximately 2.5% silver,

the relationship with bismuth is ‘flat’. Essentially, there is no relationship

with bismuth and so it would appear the silver in these slightly purer

coins was a result of incompletely parted gold. However, from 2.5% silver

onwards we frequently see elevated bismuth concentrations and a medial

linear relationship between silver and bismuth. From this we can infer that

these much more debased coins were a consequence of the deliberate addition

of silver at the mint. As such, the overall narrative appears to be that there was

a consistent use of incompletely parted gold, since nearly every coin contained

c. 1% silver or greater; and there was the erratic addition of silver bullion into

incompletely parted gold that already contained c. 1-2% silver, causing the

158 A correlation coefficient of 0.52 in forty coins dating from AD 325 to AD 354.
159 The interpretation of the relationship between lead and silver in the coins of Valerian

and Gallienus, and Constantius II is extrapolated across the third and fourth centuries. They

argue that “the alteration of money in the third and fourth centuries was done by the non-

purification of gold” (“nous pensons donc que l’altération de la monnaie aux IIIe et IVe siècles

se fait par non-purification de l’or monnayé”). This is evidently not correct for the whole of

the third and fourth centuries.
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Figure 52: The Relationship Between Silver and Bismuth in Gold Coins

Produced Between AD 325 and AD 354
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existence of the much more impure solidi.

For the final years before the AD 366/7 tax reform there was now a very

strong relationship160 between the concentration of silver and bismuth in the

solidi produced, suggesting the regular addition of external silver bullion into

the gold (Figure 53). Nearly every solidus contains over 2% silver and the mean

bismuth concentration is approximately 10ppm, suggesting that the regular

addition of silver into the gold stock was a major cause of the debasements

at this time. A slight change in production technique at this point in time

makes sense. From AD 325 to AD 354 solidi had a mean silver content of

approximately 2.5%, and ranged from 0.1% to 4.8% silver. Between AD

355 and AD 367, however, the mean silver content had almost doubled to

approximately 4.4%, and the silver content of the solidi analysed ranged from

1.8% to 16.6%. For some perspective: between AD 325 and AD 354, 8 of

the 40 coins analysed contained over 3% silver, however, from AD 355 to AD

367, 43 of the 49 coins analysed now contained over 3% silver; simply put,

significantly more silver was now being regularly included in the gold. When

a relatively small amount of silver was being used to debase the gold, it is

160 A correlation coefficient of 0.83 in fifty-five coins dating from AD 355 to AD 367. Coins

issued in AD 367 that were marked OB were excluded.
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Figure 53: The Relationship Between Silver and Bismuth in Gold Coins

Produced Between AD 355 and the AD 366/7 Tax Reform
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feasible that not quite fully refining the silver out, combined with irregularly

adding in a small amount of silver bullion, would have been sufficient to

stretch the gold stocks to some degree. However, from AD 355 until AD 366/7

it is clear that the state wished to stretch their gold stocks much further. To

consistently debase the coinage to around 95% pure it is not inconceivable

that the mints had to rely on external silver bullion: the gold sources exploited

may not have been particularly silver rich, or perhaps the state had no desire

to adjust the refining processes at all of its mints and instead found it easier

to instruct for the addition of external bullion. Either way, it is clear for this

period of particularly heavy debasement of the gold with silver that the mints

made particular use of external silver bullion.

After the AD 366/7 tax reforms the purity of the solidus returns to

effectively full purity until approximately AD 450, when mints in the west

began regularly debasing the solidus and other lighter gold coinages they

produced.161 From AD 367 until AD 449, the gold coins analysed had a

mean purity of 98.5% and a mean silver content of approximately 1.1%.162

161There does not appear to be an appreciable difference in the major element composition

of the solidus, semissis or tremissis in this data set.
162 Based on 134 coins dating from AD 367 to AD 444. Coins from AD 367 that were not
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From AD 368 until approximately AD 450 mints in both the east and the west

appear to have returned to a process whereby this silver was generally not

deliberately added in, but was carried in with the gold. The vast majority

of solidi produced in this date range consist of less than 1% silver, and given

that there will always be a few tenths of one per cent silver left over from

even a comprehensive parting process, the deliberate addition of a few tenths

of one per cent silver into the solidus at this time seems highly improbable.

Furthermore, there is essentially no relationship between silver and bismuth

in this period, and determining any pattern in this relationship seems to be

difficult. There are solidi that contain 2-16ppm of bismuth despite consisting

of less than 1% silver; a few others contain 1-6% of silver, but not a particularly

elevated concentration of bismuth; and finally some seem to have a linear

relationship between their silver and bismuth contents. The vast bulk of the

material, however, contains less than 1% silver and up to approximately 2ppm

of bismuth. This is actually quite high for relatively pure gold when compared

to full purity issues from the first and second centuries AD. So either a very

small proportion of quite bismuth-rich silver really is being regularly added

in, or the gold source in use at this time contained c. 1-2ppm of bismuth.

Ultimately, there is very limited direct evidence for the deliberate addition of

silver into the gold at this time, and given the small proportions in question

it is probably safer to assume that the silver in most of the solidi analysed was

carried in with the gold.

Firmer conclusions could be drawn with greater knowledge of the chemical

composition of the silver that the state was using in the fourth century AD.

However, it would appear that there has been limited analysis of this material,

and when it has been done bismuth has not always been counted (Cope, 1968,

1973; Garraffo et al., 2008; Rizzo et al., 2011). Concentrations of elements

like lead, zinc and tin in silver are not particularly useful here as they seem

to be regularly present in quite high concentrations in Roman gold anyway.

Analysis of silver plates and objects can provide some additional evidence, but

these can be loosely dated and are not necessarily representative of what silver

sources the state was exploiting. The Fisherman Plate, dated to the fourth to

sixth centuries AD, contained c. 97% silver and seemed to consist of a few

thousand ppm of bismuth (Scott, 1990, Table 6); a silver plate with a horse

grazing under a tree in the Hermitage museum in St. Petersburg is dated from

AD 527-565 and contained approximately 300ppm of bismuth (Meyers, 1992,

Table 3A); and two silver plates in the Metropolitan Museum of Art in New

marked OB were excluded.
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York – one showing David being presented to Saul and the other David slaying

Goliath – are both dated to AD 629/30 and contained 300-400ppm of bismuth

(Meyers, 1992, Table 3A). All we can really say based on this is that silver with

significant concentrations of bismuth was certainly used in late antiquity.

After AD 450 western mints seem to start to add in external silver bullion.

From AD 368 to AD 480, there is a weak relationship163 between silver and

bismuth in gold coins produced in eastern mints, and this is mirrored in

western mints up until approximately AD 450.164 By AD 450, however, mints

in the west had begun debasing their gold coinage with silver, and there was

now a strong relationship165 between the concentrations of silver and bismuth

in these coins. Unsurprisingly, it seems that the extra – approximately 1.5% to

5% - silver in these gold coins was largely a result of western mints deliberately

adding in silver to the gold (Figure 54). Particularly clear examples include a

Figure 54: The Relationship Between Silver and Bismuth in Gold Coins

Produced Between AD 450 and AD 480 at Western Mints
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tremissis of Zeno166 that contained approximately 17% silver and 66ppm of

163 A correlation coefficient of 0.25, based on 80 coins dating from AD 378 to AD 476.
164 A correlation coefficient of 0.36, based on 64 coins dating from AD 375 to AD 430.
165 A correlation coefficient of 0.73, based on 30 coins dating from AD 450 to AD 477 minted

in the west.
166Coin 563 – 16.94% silver, 0.67% copper.
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bismuth, and a solidus of Leo I167 that consisted of just over 3% silver with a

bismuth concentration of approximately 29ppm.

167Coin 550 – 3.28% silver, 0.16% copper.
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Chapter 8

Major Gold Sources

The extraordinary ability of the Romans to exploit natural resources across the

empire means that Roman gold coinage is highly complex at a trace element

level. In terms of mining and extraction sites,168 we have strong archaeological

evidence for intense gold extraction in the Roman period in modern day

Spain, Portugal, Wales, Austria, Croatia and Romania; and we have explicit

references in our literary sources to gold mining in modern day Bulgaria and

Turkey (Hirt, 2020). Across all of these regions we have evidence for hundreds

of potential Roman gold mining sites, but our understanding is generally

dominated by a few well-known, well-excavated sites – this is especially the

case for the Iberian Peninsula. As such the summary of mining sites below

does not represent a comprehensive survey of all the gold deposits exploited

by the Romans, but rather an overview of the sites for which we have the most

information.

In the North East of Portugal there are the well-known mines at Tresminas

(Hirt, 2010, 35-6; Redentor, 2010; Wahl, 1993) that appear to have been

heavily exploited in the first half of the second century; on the Spanish-

Portuguese border there are the mines at Pino del Oro in Zamora (Sánchez-

Palencia et al., 2018) that appear to have been active across the first and

second centuries AD; and in the North West of Spain169 there are the heavily

exploited mines at Las Médulas in León (Hirt, 2010, 34-5; Redondo Vega et

al., 2015; Sánchez-Palencia et al., 1990) that again appear to have been at

their peak in the first and second centuries AD. In South Wales it is assumed

that the Dolaucothi gold mines (Burnham & Burnham, 2004; Hirt, 2010, 36-

8) were exploited from approximately AD 70 until the early second century

AD based on the occupation of a local military camp. In Eastern Austria,

168 For an overview: (Domergue, 2008) and (Hirt, 2010)
169 For an overview: (Domergue, 1987; 1990, 208-15)
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the excavation of a series of aqueducts and basins in the ‘Karth’ southwest

of the city of Neunkirchen (Cech et al., 2013, 28-34) suggests the use of

a hydraulic system to wash the gold containing sediments and secondary

deposits in the area – coin hoards associated with the site suggests that the

site was worked throughout the second and third centuries (Cech et al.,

2013, 48-72). In Dalmatia, in what is now modern day Croatia and Bosnia,

a first-century AD funerary inscription from Salona records the existence

of an official – a commentariesis aurariarum Delmatarum (Dessau, 1914/16,

#1595) – seemingly responsible for the administration of the gold mining

operations in the province (Hirt, 2010, 74). Nineteenth century surveys may

have revealed the existence of water basins and aqueducts in central Bosnia,

which would a indicate significant investment in hydraulic infrastructure,

presumably for use at the mines near Bistrica, Batuša and Gornji Vakuf-

Uskoplje (Glicksman, 2018, 268-70). Mladenović (2009, Vol. 1, 70-8) identifies

gold mining and washing sites around the river Pek and its tributaries in

Serbia, as well as potential gold mining sites at Kumanovo, Vlasina and

Remesiana. Analysis of slag from the Roman fortress at Ravna indicated

the processing of gold and silver ores here (Jovanović, 1986). In Romania,

excavations of the sprawling network of mines at Ros, ia Montană provide

powerful evidence for the intensive exploitation of the gold deposits here

(Cauuet, 2014). Writing tablets recovered from the excavations have consular

dates on them and the latest tablet recovered dates to approximately AD

167, which confirms activity in the mines at least until this point (Cauuet &

Tamas, 2012) – although Hirt (2010, 126-30) collects epigraphic evidence for

the existence of a procurator or dispensator aurariarum in Dacia from the early

second century until the early third century. Indeed, Lim’s (2018, 170-209) as-

yet-unpublished doctoral thesis highlights the fact that Roman mining activity

in Dacia extended beyond Ros, ia Montană, encompassing mining sites in the

‘golden quadrilateral’ centred on the Brad-Săcărâmb and Zlatana basins, as

well as gold-washing sites along the Aries, , Jiu and Banat rivers.

The existence of some kind of gold mining activity in Thrace, in modern

day Bulgaria, in the fourth century is attested to by decrees preserved in the

Theodosian Code: in AD 370/3 Valentinian, Valens and Gratian ordered that

vagrant Thracian gold miners found in Illyricum or Macedonia should not be

harboured and instead sent back to Thrace (C. Th., X.19.7). Finally, another

decree from AD 392 records the existence of gold miners in the Diocese of

Pontus and of Asia, which were in what is modern day Turkey (C. Th., X.19.2).

It would appear that the eastern border with Armenia was a relatively rich

gold mining region, and the Sassanid Persians and the Eastern Roman Empire
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fought a number of wars - in AD 420, at the turn of the fifth century, in

AD 530, and in AD 594 – over rights to these mines (Vryonis Jr., 1962, 4-5).

Furthermore, the carbon dating of charcoal suggests that there was Hellenistic

gold mining activity at Astyra on the western coast of Turkey near modern day

Canakkale (Pernicka et al., 2003, 149-50), the gold from which may well have

been used to strike Hellenistic gold coinages that were later recycled by the

Romans in the latter half of the first century BC.

In short, the Romans were making use of multiple geological sources of

gold across multiple geographic regions, there was significant chronological

overlap between the activity at each mine, and we can only assume that

the intensity of mining at these various sites varied over time. We should,

then, expect to see the breadth and sophistication of the Roman gold mining

network reflected in the complexity of the trace element profile of the gold

coinage.

To complicate things further, the production process used by the Romans

appeared to both mix gold from different sources and change its trace element

composition. The most complex procedures seemed to have been undertaken

for gold that required smelting and/or sequestering from its original ore.

Once the gold ore was mined, it was crushed and then milled on grinding

stones before being washed and smelted (Naturalis historia, XXXIII.69), and

it would appear that gold from various veins and deposits at the mining sites

were processed together relatively indiscriminately. These ore grinding stones

are found at Dolaucothi (Burnham & Burnham, 2004, 281-4), at Tresminas

(Wahl, 1988, 230-3) and at Pino del Oro (Sánchez-Palencia et al., 2018, Mapa

3) – in the case of the latter over 1000 of these ‘cazoletas’ were found built

into granite outcrops at the site (Vázquez-Calvo et al., 2013, 353). The trace

element profile of the gold metal produced from each mine, then, represents

an amalgamation of all the various minerals and deposits that are present

across the site. As such, we should not expect even the trace element profile of

the pre-smelted milled ore from a site to exactly match ore samples taken from

individual deposits, let alone the gold produced, as the scudes is the product of

crushed and washed ores from multiple areas of activity across the mining site.

This milled ore was then almost certainly smelted together: Pliny describes

the scudes being smelted in a tasconium (white clay) crucible that is able to

withstand the heat of both the furnace and molten metal, after which a slag is

produced as a waste product (Naturalis historia, XXXIII.69). These lead-rich

slags are present at Tresminas (Harrison, 1931), and almost certainly speak to

a lithargine or lead cupellation process by which the gold was separated from

its base metal components using lead oxide (Bachman, 1995). This process
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again changes the trace element composition of the gold by either oxidising the

more volatile elements or extracting them with lead oxide (Blet-Lamarquand

et al., 2017, 20-2, Tab. 1, Fig. 2). Only at this point is the gold-silver alloy

produced, which then needs to go through the cementation process in order to

part the gold from the silver. Once again, this process affects the trace element

composition of the gold (Blet-Lamarquand et al., 2017, 21-2, Tab. 1).

Native gold required less intensive processing, but we can still find

evidence for many of the steps identified above. Diodorus Siculus (III.13-14)

records that gold from a hard-rock mine in Egypt was first crushed by iron

pestles then milled into a powder. This powder was then rubbed and washed

on an inclined wooden board, causing the denser native gold to remain on

the board while other lighter minerals and substances were washed away. As

with the process described by Pliny, it would appear that the gold from the

various veins and deposits exploited here was processed together relatively

indiscriminately. In Gaul, Diodorus Siculus (V.27) describes how rivers erode

gold bearing minerals from the sides of mountains, causing the rivers to be

full of ‘gold dust’. He states that lumps containing the ‘gold dust’ are collected

- presumably either from alluvial deposits or from ‘panning’ in the river – and

are then crushed or ground. Once again, the “earthly elements” associated

with the gold have to be washed away before it can be sent to the furnaces.

Native gold extracted at Roman mines was almost certainly crushed, ground,

milled and/or washed, and it must be deemed unlikely that different veins or

deposits were processed separately. This processing would almost certainly

have amalgamated the gold from various ores, minerals, veins and deposits

exploited at the mine together, before it was sent off for cementation. Again,

the cementation process would alter the trace element composition of the gold.

Finally, it is almost certain that gold from multiple sources is mixed

together at some point between being extracted from the mine and being

struck into coinage. The fortified complex at Magdalensberg contains 19

furnaces alongside two gold-ingot moulds, which would leave the ingot

printed with aurum Caii Caesaris Augusti Germanici imperatoris ex Noricis

metallis (Gostenčnik, 2016, 28-30, Abb. 15) – in effect ‘Caligula’s Gold from

the Norican mines’. Gostenčnik (2016, 30-2) argues that the security of the

foundries and the size of the ingot moulds meant that it was improbable the

site was used solely for assaying samples of gold, and instead acted as a hub

for processing the gold mined in the region. Any ingots sent to the mint from

this particular site would have almost certainly been the product of gold ores

from multiple geological sources. Furthermore, even if a hypothetical gold

ingot that was solely produced from ore from one mine made it to the mint,
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it would have to be melted down again to be struck into coinage – at which

point it would almost certainly have been thrown in the melting pot alongside

gold from multiple other sources. Moreover, simply melting the ingot would

have caused further oxidation of any volatile trace elements within the gold

(Blet-Lamarquand et al., 2017, 22, Fig. 2). This is compounded if recycled

gold coinages were being used by the mint, which, of course, could have also

introduced additional geological sources into the molten metal.

With all this in mind, we must be cautious about exactly what questions

we ask of the trace element data when attempting to provenance the original

geological source of the gold use to produce aurei and solidi in the Roman

period. The trace element data cannot state when the first and last drops of

gold from a particular mine were used: many gold sources from the same

region are chemically too similar and there is too much baseline ‘chaos’ in

the trace element profile of the gold for this kind of high resolution analysis

to accurately take place. What the data can help us to determine is when

certain geological sources were dominating the Roman gold supply: in these

cases the trace element ‘fingerprint’ of these mines is clearly visible against

the ‘background noise’ and we can determine for approximately how long a

source was particularly important for the production of gold coinage.

Moving from the characterisation of a gold source to its provenance is,

unfortunately, not as simple as matching up elements between coins and

mines. Characterising the gold within a coin operates in the world of scientific

fact: while there is an uncertainty value to the figures presented we can be

confident in the broad profile that the analysis has presented. Provenance is

where we begin to move away from scientific fact and more towards scholarly

opinion. In the Roman period we know that various gold sources were mixed

together and the gold produced was heavily refined, meaning the elements

in our coins are never going to match a hypothetical sample taken from one

particular mine. The best we are likely to get is one particular geological

‘fingerprint’ standing out from the rest at certain times. However, it is

probable that a case could be made for this ‘fingerprint’ being the plausible

result of a variety of different gold sources from across the world. As such,

while the ‘fingerprint’ of your object may match that of a known source there

are a variety of ‘what ifs’ that inject reasonable doubt into the provenance. For

example, what if there is another source that matches even more closely that

you simply do not know about? What if the chemical signature is not caused by

one source, but is in fact an artefact of multiple different sources being mixed

together? What if the object you are analysing has not actually been made

locally, but has been imported in from far afield? While oversimplified here,
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this is essentially the argument that Pernicka (2014) makes when warning of

the pitfalls of moving from the characterisation to the provenance of various

metals.

Of course Pernicka (2014, 260-4) does not advocate for giving up on “the

quest for provenance” (Budd et al., 1996), and highlights the importance

that trace element data obtained through LA-ICP-MS will play in provenance

studies of gold. We already know that the Romans were exploiting a variety

of gold sources around the Mediterranean, meaning there is only so far that

characterisation can really help to deepen our understanding of the Roman

world. LA-ICP-MS analyses are destructive after all, and so this destructivity

must be justified with at least an attempt to go beyond confirming what we

already know. Furthermore, most of the problems and examples highlighted

by Pernicka are most applicable to societies from which we have very little

textual, epigraphic or archaeological evidence. Essentially, these problems

are most severe when the arguments for provenance rely on the fact that an

object was found in close proximity to a plausible source. Part of what makes

the Roman Empire interesting is that we actually expect to find gold coins

distributed very far away from the original source(s) of the gold used to make

them, but there are a number of other factors that can help us to avoid the

sorts of pitfalls identified by Pernicka. First, we can be confident that Roman

gold coinage was made by the Roman state – although it does highlight the

importance of involving experienced curatorial staff during sample selection

to help identify potential fakes and forgeries. Second, we can be confident

that the Roman state was not reliant on foreign powers for its gold supply

and sourced its gold within its sphere of influence. Third, we know that

in the Roman gold supply chain and production process various sources of

gold were almost certainly mixed together. So by looking at the aggregate

‘signal’ from multiple coins over a number of years we can characterise the

dominant gold sources over time, rather than trying to provenance individual

objects. Finally, with an aggregate ‘fingerprint’ of the dominant gold source in

use over a relatively tight time period in hand, we can then use our textual,

epigraphic and archaeological evidence to narrow the range of plausible gold

extraction sites. If our non-chemical evidence suggests that the Romans were

exploiting a certain gold deposit at a certain time, and we have a trace element

‘fingerprint’ that not only matches the mineralogy/geology of that site, but is

clearly present on aggregate in gold coins issued at that time; then we can be

much more confident in our choice of provenance.

The strongest provenance presented here is the linking of the antimony-

rich gold telluride ‘fingerprint’ seen in the mid-second century to the mines
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at Roşia Montană. We have a terminus ante quem for the start of intensive

mining at the site with the epigraphic evidence for Dalmatians moving into

Alburnus Maior in AD 131 and a terminus post quem of activity ceasing of

AD 167, thanks to the find of a wax tablet with a consular date in the

galleries themselves. We also have a good understanding of the mineralogy

and geology of the gold deposits here as a result of the work of Constantinescu

et al. (2010a; 2010b). The antimony-rich gold telluride ‘fingerprint’ not only

matches the mineralogical profile of the gold deposits at Roşia Montană, but

the ‘fingerprint’ rises and falls almost exactly within the dates of activity

attested to by our epigraphic evidence. As such, it is difficult to offer any

other explanation than this strong ‘fingerprint’ in the trace element data is

caused in part by the exploitation of the gold deposits at Roşia Montană. Of

course, we generally do not have this wealth of evidence at our disposal for

every Roman mining region. In some cases we have limited direct evidence

for the chronology of Roman activity to supplement the chemical data. So

while we may be able to identify a ‘fingerprint’ in the gold and find a plausible

mining region, there is not quite enough additional archaeological evidence to

conclusively pin this ‘fingerprint’ to this source at this time. In these cases

the proposed provenances are sensible, based on a degree of evidence and

have the potential to be confirmed through further investigation – with lead

isotope studies or further site finds, for example. These provenances have been

proposed given the lack of direct contradictory evidence, and the discussions

around the gold from the Iberian pyrite belt and from Dalmatia fall into

this category. In other cases, we know the Romans were active in certain

regions across broad time periods, and while there are gold sources in these

regions that could match the ‘fingerprints’ we see in the coinage, we lack the

direct evidence to present a firm provenance. Instead, we can only offer a

sensible hypothesis based on the evidence at hand that should be a priority

to investigate when trying to provenance the ‘fingerprint’ in question. The

discussions around the north-west of the Iberian Peninsula and the north-

east of modern day Turkey fall into this third category. Finally, there are

occasions where we can identify clear shifts in geological source, but cannot

offer even a sensible hypothesis for priority investigation given the total lack

of supplementary evidence. This can be seen in the discussion around the late

second-century ‘clean’ gold source.
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8.1 The Late First Century BC: East vs. West

Some trace element work on Roman gold coinages from the latter half of the

first century BC has already been conducted by Blet-Lemarquand et al. (2015),

who undertook an initial study of Augustan gold coinage that focused on the

platinum to palladium ratio within the coins. Very simply, the production

of aurei under Augustus can be divided into various series: the first were

struck in the 40s and 30s BC in Italy, the second group consisted of the issues

minted by the tresviri monetales between 19 and 12 BC in Rome, the third

were issues attributed to ‘Spanish’ mints (although Gallic origins cannot be

ruled out) between 20 and 16 BC, and the final series was that struck in

Lugdunum (Lyon) from around 15 BC onwards – in 12 BC gold production

was centralised here and Rome stopped striking gold (Wolters, 2012). These

divisions overlook issues struck in uncertain mints in the east and those struck

in Pergamum, but are useful to gain an insight into the sort of groupings

that already exist. The authors showed that not only were these series

chronologically and stylistically different, but that they also have differential

chemical signatures (Blet-Lemarquand et al., 2015, Fig. 2). The platinum

to palladium ratios for the gold coins from mints in Lugdunum, ‘Spain’ and

‘Italy’ have unique clusters, showing that it is possible to differentiate the

products of different mints at a trace element level. Indeed, Suspène et al.

(2011) have shown that the aurei produced at Nı̂mes, Colonia Patricia and

Caesar Augusta in 19/18 BC can be differentiated from those produced at

Lugdunum in 15 BC and 11 BC based on both their copper and PGE contents.

Platinum and palladium – and the platinum group elements more generally

– are particularly useful for the archaeological scientist as they are relatively

inert, have high melting points, exist as inclusions within the gold and are

not refined out during the lead cupellation or salt cementation process (Blet-

Lamarquand et al., 2017, 22-3, Fig. 2). What is interesting is that the coins

from Pergamum have strikingly different platinum to palladium ratios, which

suggests a divergence in the gold sources between east and west. Indeed,

when Augustan, Republican and Hellenistic gold coinages are compared (Blet-

Lemarquand et al., 2015, Fig. 3), the source difference between east and west

at this time becomes clear: Roman gold is much richer in palladium compared

with platinum, whereas Hellenistic gold is much richer in platinum compared

with palladium. ‘Roman’ gold had a Pt:Pd ratio of approximately 2.5:1,

whereas ‘Hellenistic’ gold had Pt:Pd ratios that stretch from approximately

15:1 to 30:1. However, we see a few issues such as the 19 BC issues from Rome,

the issues from Pergamum and those from unidentified Eastern mints having
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chemical signatures closer to that of Hellenistic gold – a Pt:Pd ratio of around

6:1 to 14:1 - suggesting either a common ‘eastern’ gold source or the recycling

of Hellenistic gold for these issues (Blet-Lemarquand et al., 2015, 111).

This same methodology can be applied to the trace element data collected

here. If we plot the Pt:Pd ratio of the Roman gold coins in the Ashmolean’s

collection (Figure 55) we can see some agreement with the patterns observed

Figure 55: The Platinum to Palladium Ratio of Roman Gold Coins Dating From

50 BC to AD 480
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by Blet-Lemarquand et al.: the 19 BC aureus from Pergamum in the collection

has a similarly elevated Pt:Pd ratio compared with the specimens from

Pergamum analysed by Blet-Lemarquand et al., and the elevated ratio after AD

350 fits well with the hypothesis that the platinum-rich gold mines exploited

in the fourth century were located in ‘the east’ (Callu et al., 1985, 92-5;

Vryonis Jr., 1962). However, the Pt:Pd ratio becomes less useful in the second

century AD, where the use of this ratio as a provenancing tool would have

us believe that there was a significant ‘eastern’ gold source in operation from

approximately AD 120 until the early third century – coins from the mid-

second century have Pt:Pd ratios of between five- and seventeen-to-one. As

will be shown below, the major sources in the second century AD are probably

in North West Spain, Dalmatia and Dacia, and so the elevated ratios at this

point almost certainly reflect the presence of platinum-rich minerals in these
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regions. Indeed, the use of a Pt:Pd ratio to differentiate between east and

west is useful providing one is confident that the western sources used do

not contain PGE containing minerals – broadly speaking this is a reasonable

assumption. However, the Roman gold mining network made use of a wide

variety of sources from a number of geological areas, and we know, for

example, that PGE minerals can be found in the North West of Spain and in

the North of Portugal (Castroviejo, 1995, 260-3), and that Dacian gold objects,

like the Sarmizegetusa bracelets, contain a significant trace of both platinum

and palladium (Constantinescu et al., 2010a, 1037). Although these regions

are not particularly platinum-rich, the very nature of a ratio means that small

absolute changes can be proportionally large and cause an elevated Pt:Pd ratio,

especially when multiple sources are mixed together in irregular proportions.

PGEs are clearly useful as a provenancing tool, however, the use of a

Pt:Pd ratio does not seem to be able to differentiate between the various,

mineralogically complex, gold sources the Romans were exploiting. As such,

the PGE methodology needs to be slightly amended, at least for this data

set. Building on the work of Blet-Lemarquand et al. (2015), it has been

possible here to differentiate between ‘eastern’ and ‘western’ sources using a

combination of rhodium and platinum. Crucially, this methodology did not

return an ‘eastern’ signature for the gold of the second century AD, despite

its elevated platinum contents. Rhodium, platinum and palladium form the

PPGEs,170 a sub-group of the platinum group elements that are strongly

associated with each other and with gold deposits (Rollinson, 1993, 150).

Rhodium is, however, significantly rarer than the other two PPGEs and so its

presence can provide much higher resolution analysis than the relatively more

abundant platinum and palladium. By dividing the gold coins into two groups

based on their rhodium contents – those with 1ppm or greater171 of rhodium

were placed in one group, those with less than 1ppm in the other – and then

plotting their platinum contents, we can observe two clear geological groups

(Figure 56). The first is a ‘high’ rhodium, ‘high’ platinum group that appears to

be broadly congruent with the ‘eastern’ material identified using a Pt:Pd ratio:

this group includes the 32 BC civil war issue of Mark Anthony172, the 19 BC

issue from Pergamum173 and the fourth-century platinum-rich gold source.

The second is a ‘low’ rhodium, generally ‘low’ platinum group that includes

170 Palladium-Platinum Group Elements
171 The median concentration of rhodium across the dataset was approximately 0.33ppm –

as such a boundary at 1ppm represents the coins that are relatively rhodium ‘rich’.
172 Coin # 14 – RRC 544/4
173 Coin # 15 – RIC2 521
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Figure 56: Platinum in ‘High’ and ‘Low’ Rhodium Coins From 50 BC to AD
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essentially all of the coins of the first to third centuries AD and crucially

contains the second century coins that had elevated Pt:Pd ratios. This group

is almost certainly from ‘western’ sources. Overall, the rhodium-platinum

methodology returns broadly similar results to a Pt:Pd ratio, however, it seems

to be able to characterise higher platinum western sources more accurately.

Focusing on the late first century BC and early first century AD (Figure

57), it is clear that any ‘eastern’ signature is heavily clustered between 46 BC

and 40 BC. Seven of the eleven aurei struck in this period are in the ‘high’

rhodium, ‘high’ platinum group and were, therefore, probably struck from a

stock of gold that consisted largely of metal from ‘eastern’ sources. At this

point in time, this is most probably recycled Hellenistic gold – indeed, the

fact this ‘eastern’ signature ends so quickly suggests that the source of this

gold was limited, which fits well with hypothesis that it comes from existing

coinages or objects. Moreover, two of the three aurei with an ‘eastern’ signature

produced between 40 BC and AD 50 are actually produced in the east: the

32 BC issue is a civil war issue of Mark Anthony (which is complemented

by a 32 BC ‘western’ civil war issue of Octavian) and the 19 BC aureus was

struck in Pergamum, only the 15 BC coin174 appears to be made from ‘eastern’

174 Coin # 19 – RIC2 170, Lugdunum
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Figure 57: Platinum in ‘High’ and ‘Low’ Rhodium Coins From 50 BC to AD 50
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gold brought into western mints. Again, it would appear that the supply of

‘eastern’ gold is concentrated between 46 BC and 40 BC. This ‘eastern’ gold is

almost certainly mixed in with ‘western’ gold from the outset: the other four

coins struck between 46 BC and 40 BC were almost as ‘high’ platinum as the

‘eastern’ material, but were ‘low’ rhodium, suggesting this gold was diluted

with a low rhodium source. Moreover, the trend across the next 80 years was

a continuation of the ‘low’ rhodium signature alongside a continuous dilution

of the concentration of platinum. In effect, this appears to be a short lived

injection of a significant amount of ‘eastern’ material into the gold stocks at

the very beginning of this period, which is then increasingly diluted as the

more regular ‘western’ gold source exploited during this time increasingly

dominates the gold supply.
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8.2 The First Century AD: The Dominance of the

Iberian Peninsula?

In the early first century AD the trace element profile of the gold coinage

is heavily influenced by a relatively manganese-rich gold source. Across

the entire dataset, the mean concentration of manganese is approximately

12ppm. However, up until AD 50, aurei regularly contain between 30ppm to

100ppm of manganese which, even at the lower bound, is at least one standard

deviation greater than the rest of the dataset. For ease of viewing, aurei that

contained 30ppm or greater of manganese have been separated out in Figure

58. It is worth acknowledging that there was almost certainly a mixture of

Figure 58: Manganese in Gold Coins Dating From 50 BC to AD 480
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sources in use towards the middle of the first century AD, and so some of

the aurei that are high in manganese, but not quite at the 30ppm boundary,

most probably represent a dilution of the gold from this mine with gold from

other sources. It would appear that this manganese-rich gold source begins

supplying the mint sometime in the latter half of the first century BC, but

really begins dominating the metal supply from the last few years of the first

century BC onwards, with a particular dominance from AD 40 to AD 50. There

is a sharp drop in the concentration of manganese after this point and, while

there are some coins that are manganese-rich between AD 60 and AD 80, it
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is clear that the most important sources at this time were ‘low’ in manganese.

Indeed, a manganese-rich gold source does not regularly appear in the dataset

again until the mid-fifth century AD.

The most logical source for this manganese-rich gold is in the Iberian Pyrite

Belt, which includes sites like the gold mines near Rio Tinto. This south-

western region of the Iberian Pyrite Belt is rich in gold and contains hundreds

of manganese ore bodies, which are one of the best marker formations for this

particular geological area (Strauss & Beck, 1990, 237-8). Furthermore, Klein

et al. (2004, 478, Fig. 4), using lead isotope ratios, have shown that the copper

in Roman base metal coinages was being provided by the mines at Rio Tinto

from as early as 9 BC and was the sole source for late Tiberian asses struck

from AD 34 to AD 37. It also appears to have been one of the main sources

exploited for asses minted at Lyon between 7 BC and AD 14 (Klein et al., 2012,

78-9, Fig. 7). The chronology for the use of copper from this geological region,

then, broadly matches that proposed for the gold and it would appear that

even the periods of dominance have a degree of overlap. Finally, a reduction

in the intensity of this particular source in the trace element profile of the gold

coinage in the mid-first century AD makes sense, as it is at approximately this

point in time where the gold mines in the North West of the Iberian Peninsula

start to become particularly active. As such, we have a relatively rare chemical

‘fingerprint’ that matches the geology of a mining region that we know the

Romans were broadly active in. Furthermore, we have direct evidence that

this region was being exploited for other metals for coinage at the same time

that we see this ‘fingerprint’ in the gold. It is, therefore, a very plausible

provenance based on the evidence at hand, although would be strengthened

with more direct evidence for the exploitation of gold here at this time.

We have strong archaeological evidence for extensive and intensive

exploitation of the gold sources in North West Spain and the North of Portugal

during the first and second centuries AD at sites like Tresminas, Pino del Oro

and Las Médulas (Hirt, 2010, 34-6; Redentor, 2010; Redondo Vega et al., 2015;

Sánchez-Palencia et al., 1990; Sánchez-Palencia et al., 2018; Wahl, 1993). Gold

ores in the North West of the Iberian Peninsula are sulphide ores, rather than

tellurides, and are generally hosted in quartz veins alongside multiple pyrite

minerals (FeS2), galena (PbS) and sphalerite ((Zn, Fe)S) (Gómez-Fernández et

al., 2012, 72-3; Hillman et al., 2017, 1470; Newman, 2001, GG1; Sánchez-

Palencia et al., 2018). As such, if gold from this region was dominating

the metal supply we would expect to see ‘low’ tellurium, iron-rich gold in

the trace element profile. Furthermore, the presence of sphalerite in this

region means we would also expect to see the pattern in the concentration
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of zinc broadly follow, although of course not exactly match, that of this

‘low’ tellurium, iron-rich gold.175 From approximately AD 40 onwards, the

concentration of iron in ‘low’ tellurium aurei steadily increases, peaking in

the late first and early second century AD (Figure 59). The absolute peak in

Figure 59: Iron in Aurei Struck Between AD 1 and AD 300 With Less Than

1ppm of Tellurium
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the concentration of iron appears to be in approximately AD 134 and there is

a sharp decline after this date: the concentration drops heavily between AD

145 and AD 150 and steadily declines from the 150s onwards. Furthermore,

the concentration of zinc broadly follows the same pattern across this period

(Figure 60). Zinc-rich aurei are present from approximately AD 40 onwards

and while the concentration of zinc peaks towards the late first century, aurei

are still relatively zinc-rich for the first few decades of the second century.

Crucially, there is a sharp decline from approximately AD 151 onwards that

matches the sharp decline seen in the concentration of iron. It seems then

175 Sulphur is ubiquitous across the dataset and is, therefore, not necessarily indicative of this

particular source. Lead is also abundant across the dataset and has the additional complication

of potentially being carried in with any silver bullion used to debase the gold or any lead

used in the cupellation process. The patterns in zinc, iron and tellurium – combined with our

archaeological evidence – are probably the best evidence for the exploitation of gold from the

North West of the Iberian Peninsula in this dataset.
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Figure 60: Zinc in Aurei Struck Between AD 1 and AD 250 With Less Than

1ppm of Tellurium
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that a ‘low’ tellurium, iron-rich and relatively high zinc gold source was

dominating the Roman gold supply from approximately AD 40 to AD 150, at

which point this particular source seems to have been superseded by a much

‘cleaner’ gold source for the latter half of the second century. Geologically,

historically and archaeologically it makes the most sense to hypothesise that

this earlier source is the multitude of mining operations located in the North

West of the Iberian Peninsula.

However, it should be acknowledged that other known - yet minor -

Roman gold sources active in this period have very similar mineralogical

compositions to the mines in North West Spain and the North of Portugal.

The Dolaucothi gold mine in Wales, for example, seems to be active by the

late first century (Burnham & Burnham, 2004) and is characterised by an

abundance of pyrites and sulphides, including minor amounts of lead and

zinc minerals (Annels & Roberts 1989, 1299-302). Essentially, the chemical

markers are the same here as they are for the material from the North West

of the Iberian Peninsula. Pyrites, sulphides, lead minerals and zinc minerals

are all commonly associated with gold, and so the signals from mines that

are only characterised by the presence of these relatively common minerals

will be mixed in with the Iberian material during this period. Indeed, the
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individual mines from the North West of the Iberian Peninsula have been

grouped together as, at a ‘macro’ level, they are all quite mineralogically

similar. Moreover, it appears that the Romans were only intensely exploiting

gold from these types of geological sources in the first century AD: if we plot

aurei with greater than 1ppm of tellurium,176 it is clear that gold tellurides are

not heavily exploited until the second century AD (Figure 61). While there is

Figure 61: Tellurium in Aurei with Greater Than 1ppm of Tellurium Dating

Between AD 1 and AD 200
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a small ‘peak’ during and immediately after the AD 68/9 Civil Wars, the gold

supplies drawn upon by the various competing emperors should probably not

be taken as representative of the empire at large – especially if the references to

the melting down of precious metal objects at this time in our literary sources

are to be believed (Plutarch, Galba, 20.2). In addition, it is clear that any

tellurium rich source at this time was very minor177 and that the ‘peak’ in

tellurium had been quickly diluted under the Flavians. As such, while it is

plausible the chemical ‘fingerprint’ we see in the gold at this time is an Iberian

one, the discriminator elements in use are present in a multitude of sources

176 The median concentration of tellurium across the dataset was approximately 0.38ppm –

as such a boundary set at 1ppm represents the coins that are relatively tellurium ‘rich’.
177 Only 10 out of the 103 aurei dating between AD 1 and AD 100 that were analysed

contained greater than 1ppm of tellurium.
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exploited at this time.

Given all this, in terms of major gold sources, it is clear that a ‘low’

tellurium, iron-rich gold source that was generally associated with zinc

dominated the Roman gold supply across the latter half of the first century. In

terms of provenance, given the evidence at hand, all we can really state is that

the most sensible hypothesis is that this source was located in the North West of

the Iberian Peninsula and that this region should be a priority for the further

investigation of the provenance of this particular ‘fingerprint’. Unfortunately,

we lack the direct evidence to confidently link this particular ‘fingerprint’ to

North-West Spain and/or Northern Portugal, even if it would be extremely

surprising for this region not to be dominating the gold supply at this time.
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8.3 The Second Century AD: Dalmatia, Dacia and

a Late-Second Century ‘Clean’ Gold Source

The ‘low’ tellurium, iron-rich, ‘high’ zinc gold source discussed above is clearly

present in the gold coinage from AD 40 until approximately AD 150, after

which there was a noticeable decline in the dominance of this source. In

this particular century three additional, geologically distinctive, gold sources

began providing significant volumes of gold to the mint. The first source seems

to have been exploiting gold tellurides that were rich in iron, but relatively

low in antimony. Gold production here appears to have been relatively intense

between AD 100 and AD 120, and was in decline by approximately AD 140

before becoming a relatively minor source from AD 150 onwards. The second

source also appears to have contained iron-rich gold tellurides, but in this

case the mine also appears to have been rich in antimony minerals. This

antimony- and iron-rich gold telluride was a significant source between AD

131 and AD 162, after which point it ceased to be a dominant source of gold.

The final significant source in the second century becomes dominant from

around AD 160 and seems to remain so into the early third century. This

source is relatively ‘clean’ compared with the other gold sources seen so far.

It, for example, is comparatively low in iron, arsenic, zinc and antimony, but

does retain peaks for both lead and tin – although the presence of these very

common elements is certainly not unique to this source.

The early second century iron-rich, telluride gold source can be

differentiated from the Spanish and Portuguese material based on its tellurium

contents – the gold from North West Iberia is, broadly speaking, ‘low’

tellurium. This source can then also be differentiated from the other tellurium

rich gold source active around the mid-second century based on its antimony

contents – this source is ‘not-high’ antimony, where the later one shows clear

peaks for this particular element. By plotting the iron contents of ‘high’

tellurium, ‘not-high’ antimony178 coins we can quite clearly see the rise and

fall of this particular source (Figure 62). The peak between AD 100 and AD

120, as well as the decline around the middle of the second century is quite

evident, but it also seems that the small number of ‘high’ tellurium coins from

the first century AD used gold from this source as well. Although the most

intense exploitation was in the early second century, this does mean that this

particular source was most probably active in the late first century as well.

178 The mean concentration of antimony in ‘high’ tellurium coins was approximately 8ppm

and this was chosen as the boundary. Essentially the ‘high’ tellurium, ‘not-high’ antimony

coins have a below average concentration of antimony for ‘high’ tellurium coins.
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Figure 62: Iron in Aurei Dating Between AD 1 and AD 300 with Greater Than

1ppm of Tellurium and Less Than 8ppm of Antimony
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The most probable provenance of this gold source is Dalmatia. There is

evidence of ancient mining activity near Gornji Vakuf-Uskoplje (Hirt, 2010,

73-4) and the presence of aqueducts and basins around the nearby villages

of Bistrica and Batuša suggests that the Romans were mining here as well

(Glicksman, 2018, 286-70). In terms of chronology, writers from both the

late first century and second century mention gold mining in Dalmatia:

for example, Martial (Epigrams, X.78), Statius (Silvae, 1.2.140-57), Pliny

(Naturalis historia, XXXIII.67) and Florus (Epitome of Roman History, II.25)

all reference gold mining or extraction within Dalmatia. Furthermore, there

is epigraphic evidence from Solona dating to the first century AD that records

the existence of a commentariesis aurariarum Delmatarum (Dessau, 1914/16,

#1595) who was seemingly responsible for the administration of the gold

mining operations in the province (Hirt, 2010, 74); and at Ilidža a bronze

‘mining coin’179 with the legend metalli Ulpiani Delm dating to AD 112 has

179 The exact purpose of these coins is subject to some debate. As Hirt (2010, 65-6) argues, the

circulation patterns of these coins suggests that they were not simply token money circulating

solely in mining districts, as Dušanić (1977) hypothesised. Indeed, Woytek (2004, 48-54) has

shown that approximately half of the known examples of mining coins have been found across

Italy, Cyprus and Raetia, and that their production was most probably centralised in Rome.
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been found (Bojanovski, 1982, 96), which is the latest datable evidence linked

to gold mining in the region (Glicksman, 2018, 273-5). Dalmatia, then, is

certainly a plausible region for this particular gold source. Moreover, it would

seem that the mineralogy of the gold mines near Gornji Vakuf-Uskoplje match

particularly well with the iron-rich, ‘low’ antimony gold telluride source

detected in the trace element data. Jurković (1995, 12, Table 5) conducted a

study into the metallogeny of Central Bosnian gold ore deposits and recorded

the mineralogy at various sites. The ore deposits at Gornji Vakuf-Uskoplje

were recorded as pyrite rich, gold tellurides that, unlike the deposits at

Kreševo, did not contain antimony bearing minerals. The ores at Gornji Vakuf-

Uskoplje were the only deposits recorded that contained tellurium, gold and

iron bearing minerals while also not containing any antimony rich ones; this

combined with the remains of hydraulic infrastructure nearby, suggests that

this is a plausible source of the ‘fingerprint’ detected in the trace element data.

Dalmatia as the provenance of this particular gold source is made even

more convincing by the fact that the chronology of its decline in the trace

element data broadly matches that of the migration of Dalmatians into the

Dacian city of Alburnus Maior, which is effectively located at the gold mines at

Roşia Montană. Distinctively Dalmatian names and tribal names are recorded

at Alburnus Maior in a variety of inscriptions and in administrative documents

preserved on wax tablets (Glicksman, 2018, 276-8; Hirt, 2010, 355; Piso,

2004, 273, 95). The wax tablets provide the best evidence for the chronology

of the arrival of Dalmatians into Dacia as they occasionally have consular

dates recorded alongside the business transaction, contract or agreement on

the tablet. These tablets mention: collegia of Dalmatian ethnic groups, such

as the genio collegi Sardiatarum (L’Année Épigraphique 2003, 2006, #1491) for

the Sardeates from Western Bosnia; areas occupied primarily by particular

Dalmatian tribes, such as the part of the city occupied by members of the

Pirustae tribe (Inscriptiile Daciei Romane, I, 226, #39 - TabCerD IX);180 and

Dalmatian individuals involved in gold mining, such as Titus Beusantis qui

et Bradua who was recorded employing a man to work in the gold mines

(Glicksman, 2018, 277; Hirt, 2010, 232-3; Inscriptiile Daciei Romane, I, 236,

#42 - TabCerD XII). The earliest record for Dalmatians in Dacia is AD 131

Woytek (2004, 54-60) proposes that these coins were ordinary base metal issues that simply

commemorated the opening of mines and the influx of metal; and Hirt (2010, 66) puts forward

the idea that these coins were sent to mining regions specifically to meet the demand for, and

to deter the counterfeiting of, small change caused by the increased economic activity brought

about by the operation of the mines.
180 Vicus Pirustarum.
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(Glicksman, 2018, 278; Piso, 2004, 301) and by this date it would appear that

the intensity of the proposed Dalmatian source was on a downward trajectory.

The ‘fingerprint’ peaks by AD 120 and is on the decline by AD 140 in the trace

element data, and so a movement of Dalmatian miners into Dacia around AD

130 provides a very plausible explanation for the cessation of the intensive

exploitation of this particular source at this point in time.

In sum, we have a relatively rare chemical signature present from the late

first into the second century AD. We know there was Roman mining activity

in Dalmatia during this broad period and a Dalmatian gold deposit that is

a plausible source of this particular ‘fingerprint’ has been located, which is

accompanied by the presence of Roman hydraulic infrastructure in adjacent

settlements. Our documentary evidence leads us to believe that mining

activity in Dalmatia should probably be on the decline by around AD 130,

and the sharp decline of the proposed Dalmatian gold source matches up with

the documentary evidence almost perfectly. Dalmatia, then, is a very plausible

provenance for this source, but it would be strengthened with further direct

evidence for Roman gold extraction in central Bosnia. This could perhaps be

achieved with lead isotope studies of the Gornji Vakuf-Uskoplje deposit or

further investigation of the Roman archaeological remains near this site.

This movement of Dalmatians into Dacia seems to coincide with the

intensive exploitation of an antimony-rich gold telluride source. If the

concentration of antimony is plotted in ‘high’ tellurium coins, then a clear

spike for this antimony rich gold telluride source can be seen between AD

132 and AD 161 (Figure 63). This source is almost certainly located at

Roşia Montană in Dacia, the mines at which seem to be most active from

the early second century until AD 167 (Cauuet, 2014; Cauuet & Tamas,

2012; Lim, 2018). Roşia Montană contains multiple telluride minerals, but

most importantly it contains the mineral nagyagite - an antimony bearing

gold telluride - alongside other antimony- and/or tellurium-rich minerals

(Constantinescu et al., 2010b, 49-50). As such, it produces gold that is

relatively rich in both antimony and tellurium (Constantinescu et al., 2010a,

1036; Constantinescu et al., 2010b, 54). ‘High’ antimony, ‘high’ tellurium

gold is quite rare in the trace element data set. The proposed provenance

of Roşia Montană links this source to a set of mines that we know were

exceptionally intensely exploited by the Romans (Lim, 2018, 194); had a

chronology that broadly matches that of the trace element ‘fingerprint’ seen

in the gold coinage; and has an appropriate mineralogy and geological profile.

As such, this provenance can be proposed with relative confidence. Moreover,

the movement of Dalmatians into Alburnus Maior from approximately AD
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Figure 63: Antimony in Aurei Struck Between AD 1 and AD 300 With Greater

Than 1ppm of Tellurium
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130 attested to by our epigraphic evidence can help to explain the relatively

sudden emergence of gold from Roşia Montană in the trace element profile of

the gold coinage. Equally, it would appear that by the mid-160s the ‘elemental

fingerprint’ of this particular source was no longer dominating the trace

element profile of the gold coinage, which is chronologically congruent with

the latest wax tablets from the mines that date to AD 167 (Inscriptiile Daciei

Romane, I, 238, #43 - TabCerD XIII; Mommsen, 1873, 925). It would appear,

then, that Dacian gold took the place of Dalmatian gold as an important source

within the Roman gold supply network and was most intensely exploited

between approximately AD 130 and AD 161.

In the latter half of the second century all of the previous gold sources

appear to be superseded by a new ‘cleaner’ source that dominates the gold

supply network until at least the early third century. This source is not a gold

telluride (Figure 61) and it is noticeably lower in zinc (Figure 60), iron (Figure

59), arsenic and antimony compared with the previous gold sources seen in

the trace element data. One explanation for this is that the Romans were

now refining their gold much more aggressively. This is not the case, however.

While elements like zinc, iron, arsenic and antimony are relatively low, others

like lead (Figure 38) and tin are still present at elevated levels. Equally, the
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particularly volatile and easily oxidised sulphur is still present in roughly

the same concentrations as in previous decades: the median concentration of

sulphur between AD 51 and AD 150 is 54ppm, and between AD 151 and AD

250 it is 51ppm. Cementing the gold for a longer period of time is unlikely

to have selectively eliminated elements like zinc and iron, but left lead, tin

and sulphur relatively unaffected. It is much more probable that this gold was

naturally low in a variety of trace elements compared to previous sources.

One of the few elements that this gold seems to contain at quite elevated

levels is tin. Tin, in the form of cassiterite, is frequently associated with

alluvial gold (Dube, 2006), and so the presence of a tin-rich, but otherwise

relatively clean gold could indicate that this gold was extracted through

‘panning’ or ‘washing’ rather than ‘mining’. In terms of known alluvial

deposits, the chronology of this ‘fingerprint’ broadly matches that of the

activity at the ‘Karth’ near Neunkirchen in Eastern Austria – numismatic

evidence suggests that the exploitation of the alluvial gold source here peaked

across the late second and early third century181 (Cech et al., 2013, 51-3).

Further chemical analyses of the gold from this particular site are necessary

before it can be considered to be a sensible hypothesis.182 Equally, a better

understanding of the chronology of the exploitation of alluvial gold in Dacia

at the sites identified by Lim (2018, 206-13) may also allow us to propose a

Romanian provenance for some of this gold. Ultimately, at this time, we do not

have the required evidence to attempt to move beyond the characterisation of

this particular source.

181 Coins of Antoninus Pius, Marcus Aurelius and Septimius Severus are the most frequent.
182 In November 2019, Simone Elmer and Frank Melcher from the University of Leoben

began a project that intends to use LA-ICP-MS to do exactly this. See: http://stremke-

archaeology.net/goldbergbau en/news-and-public-relations.html.
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8.4 The Third Century AD: The Continuation of

‘Clean’ Gold

The ‘cleaner’ gold source identified above can be seen in the trace element

profile of the gold coinage until at least AD 230. While the coins struck

between AD 230 and AD 259 seem to be made of relatively ‘clean’ gold as well,

the Ashmolean collection has so few aurei from this date that a continuation

of this source cannot be confidently stated. What is clear is that by AD 260

the gold was trace element rich again – arsenic (Figure 64), zinc (Figure 65)

and iron (Figure 66), for example, all see clear peaks at around this date. The

problem with using trace elements in the latter half of the third century is

that we know the gold coinage was noticeably debased with silver and/or

copper from the early 250s until AD 294. As such, elements like lead, tin,

antimony, nickel, bismuth and zinc could all quite plausibly be carried in with

the less valuable metals used to debase the gold. It is, therefore, difficult, to

provenance the various sources used in this period if we know that the trace

element data does not always reflect the original source of the gold. There

is, however, a small iron peak around AD 276 that lasts until the start of the

fourth century. This combined with the presence of zinc and the continuation

of a ‘low’ tellurium profile (Figure 67), could perhaps suggest a small injection

of gold from the Iberian Peninsula for the final quarter of this century. With

Aurelian regaining control over the ‘Gallic Empire’ the supply routes between

Spain and the Empire would be more secure, and we have some evidence183

for activity at Pino del Oro continuing into the fourth century (Romero, 2010,

44-6). This all makes sense, but cannot be argued with much conviction based

on the evidence at hand.

In the final section of this chapter it will be argued that the third century

saw frequent use of recycled gold and that this was one of the major ‘sources’

of gold exploited by the state at this time.

183 Occupation at the associated settlement of El Picón continues into the fifth century

AD, with numismatic evidence dating occupation layers to the first, second and early fourth

century AD.
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Figure 64: Arsenic in Gold Coins Struck Between 50 BC and AD 480
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Figure 65: Zinc in Gold Coins Struck Between 50 BC and AD 480
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Figure 66: Iron in Gold Coins Struck Between 50 BC and AD 480
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Figure 67: Tellurium in Gold Coins Struck Between 50 BC and AD 480
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8.5 The Fourth Century AD: A Platinum-RichGold

Source

The most geologically interesting gold source appearing in the trace element

data in this century is the platinum-rich source that becomes particularly

prevalent from the mid-fourth century onwards. Callu et al. (1985) have

already detected this platinum-rich source at this time. This source can be

differentiated from previous ones using both the ‘traditional’ Pt:Pd ratio and

the Rhodium-Platinum methodology advanced here. In terms of the Pt:Pd

ratio, third- and early fourth-century gold coins have a ratio of between 1:1 and

2:1, by AD 350 this has risen to 5:1 and by AD 360 it ranges from 12:1 to 30:1

(Figure 55). This would suggest a switch from ‘Western’ to ‘Eastern’ sources

at this time. The same narrative can be teased out of the relationship between

rhodium and platinum. ‘High’ rhodium, ‘high’ platinum coins became most

frequent between AD 350 and AD 360 and were ubiquitous from the 360s

onwards (Figure 56). This again suggests that the dominant gold source had

quite drastically switched from ‘East’ to ‘West’ in the mid-fourth century.

Interestingly, there are four ‘high’ rhodium, ‘high’ platinum solidi minted

between AD 300 and AD 340 – three of these were struck at Thessalonica or

Constantinople and the other was struck at Ostia. Perhaps, then, we can see

an early trickle of this source generally feeding mints in the east, which would

make sense if the source is located in the eastern provinces of the empire.

An area that should be prioritised for further investigation into the

provenance of this platinum-rich source is modern day Turkey. We have

evidence for fourth-century mining operations in Thrace, now in modern

day Bulgaria (C. Th., X.19.7), however, it would appear that gold deposits

in Bulgaria and Northern Greece are relatively low platinum and have low

Pt:Pd ratios (Economou-Eliopoulos & Eliopoulos, 2000, 62-3). Instead, we

have much more evidence for platinum-rich gold in Anatolia. According to

Herodotus (1.93), in the West of Turkey, the alluvial sands of the Pactolus

river valley – near Sardis - provided gold for the Lydian Empire under

Gyges. Lydian gold coins contain inclusions of platinum that are of the same

platinum-iridium alloy as the one found in the platinum inclusions of a fifth-

century BC Achaemenian gold earring analysed by Young (1972, 8-9). In the

North East of Turkey, near modern day Artvin, the Çoruh river basin provided

another source of platinum-rich alluvial gold. The gold in the upper reaches

of the Çoruh river is heavily associated with platinum, and towards the lower

end of the river it is associated with iridium and other platinum group element
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inclusions (de Jesus, 1978, 102; Karajian, 1920, 146-7). This river system

extends up to modern day Batumi in Georgia, the gold around which is also

associated with platinum. Finally in the south of Turkey, near modern day

Sason, platinum-rich gold is also present (Karajian, 1920, 147). All these

gold deposits are volcanogenic massive sulphide deposits, with the ones in

the North East of Turkey forming one geological sub-group184 and the ones

near Sason forming another185 (Bayburtoǧlu & Yıldırım, 2008, 44-9).

The platinum-rich gold source exploited in the fourth century seems to

best fit the geological profile of the gold deposits in North East Turkey.

As volcanogenic massive sulphide deposits, we would expect these ‘Turkish’

gold sources to produce gold that was relatively rich in zinc and lead, while

containing noticeably lower concentrations of other metals like nickel (Koski

Mosier, 2012, 16). In coins issued between AD 360 and AD 450, the median

concentration of lead was 56.6ppm and the median concentration of zinc was

16.0ppm; by contrast, the median concentration of nickel was just 3.6ppm

(Figure 68). The trace element chemistry, therefore, supports the hypothesis

Figure 68: The Concentration of Zinc, Nickel and Lead in Gold Coins dating

from AD 360 to AD 450
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However, the platinum-rich gold coins analysed here are generally not rich in

other PGE impurities or PGE associated elements such as iridium or chromium

- across the dataset both of these elements are normally below detection.

The platinum-rich gold in the west of Turkey appears to be associated with

iridium (Young, 1972), and the sources in the south seem to be associated with

chromium-osmium inclusions as the deposits are associated with ophiolites

(Uysal et al., 2010). It would seem unlikely that these kinds of deposits were

the source of the ‘platinum-rich’ fourth-century gold used to strike coinage.

A decree in the Theodosian Code from AD 392 records the existence of

gold miners in the Diocese of Pontus, which covers the geographical area

that modern day Artvin and the Çoruh river basin is in (C. Th., X.19.2).

Equally, multiple wars across the fifth and sixth century fought against the

Sassanid Persians seemed to have revolved around gaining access to the gold

mines near the border with the province of Armenia (Vryonis Jr., 1962, 4-

5), which is again, where the Artvin/Çoruh river basin source is. Given

that this platinum-rich source continues after the fall of the Western Roman

Empire and survives the various pressures faced by the Byzantine Empire, it

makes sense for it to be geographically close to Constantinople. Equally, it

appears to match the geological profile of the gold deposits that were feasibly

available for exploitation by the Romans, and so a Turkish provenance is a

completely plausible hypothesis. While we lack the direct evidence for Roman

gold exploitation in the North East of Turkey to more seriously state this

region as a provenance for this particular gold source, it would make sense

historically and the geology appears to match what we see in the trace element

data. Ultimately, all that can really be concluded is that this area should be

prioritised in the further investigation of the provenance of the ‘platinum-rich’

fourth-century gold source.

From the AD 366/7 tax reforms alone we know that the Roman state must

have been making use of recycled gold from the late fourth century onwards.

Further discussion of the use of recycled gold in across the fourth century can

be found in this next section of this chapter.
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8.6 Recycling

It is not a case of whether the Roman state was making extensive use of

recycled gold, but how early this practice became a regular occurrence. The

tax reforms of AD 366/7 provide us with a firm terminus ante quem for the

regular recycling of the gold coinage, since it stipulated that the gold must

be melted down before it was provided as tax payment. Across the fourth

century the range of solidi weights (Figure 9) and issue dates in circulation is

quite narrow compared to the first and second centuries (Figures 36 and 35).

Solidi generally cluster within a few tenths of a gram around the 4.5g weight

standard, whereas aurei appear to have been left in circulation for much longer

and allowed to become much more worn. It is almost certain, then, that solidi

were regularly being withdrawn from circulation, melted down and struck

into fresh coinage across the fourth century. As such, the question is not if

there was regular recycling of the gold, but at what point in the third century

it began.

The ideal method of detecting recycling is to look for a ‘fingerprint’ that

is an amalgamation of two or more others that have previously been detected.

If this new fingerprint does not match any plausible sources, then the most

sensible interpretation is that it is a result of mixing together multiple existing

sources. Essentially, if sources A and B have been detected in the gold coinage

at completely separate times and then fingerprint AB is detected, the argument

can be made that it is a product of recycling existing coinages and using them

to make new ones. This kind of approach has been used by Pernicka et al.

(2016) to argue against the regular recycling of Late Bronze Age copper objects

in central Europe, as well as to identify distinct periods of source mixing or

recycling. In the Roman period this approach would appear not be useful for

a variety of reasons. First, it would appear that Roman gold coinage was always

an amalgamation of metal from a variety of sources and deposit types, which

was mixed together in irregular proportions. Second, the Roman state seemed

happy to move their mining operations quite frequently, so the re-emergence

of a much older ‘fingerprint’ could well be mining operations re-intensifying

in that region rather than recycling. Finally, given the geographic breadth of

the Roman Empire, it would be very difficult to convincingly argue that what

appears to be an amalgamation of ‘fingerprints’ must be recycling, rather than

a source we simply do not know about.

If we cannot use the mixing of ‘fingerprints’, then we can instead try to

detect the melting of the metal. The idea behind this is that simply re-melting

the metal is unlikely to completely remove many of the key trace elements
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used as discriminators (Blet-Lamarquand et al., 2017, 22; Pernicka, 2014,

Fig. 11.7), but it will cause the oxidisation of the most volatile elements

that it contains (McKerrell & Tylecote, 1972, Table 3; Pernicka, 2014, Fig.

11.7; Sabatini, 2015). More rigorous refining can be separated from recycling

as in the former case we would expect to see a significant reduction in the

concentration of various trace elements, rather than in just a handful of

particularly volatile ones (Blet-Lamarquand et al., 2017, Tab. 1, Fig. 2).

This approach has received significant attention in the debate around ancient

recycling of arsenical bronzes. In this case the volatile element in question

is arsenic and its depletion is associated with the re-melting and recycling

of these objects (Bray et al., 2015; Bray & Pollard, 2012; Northover, 1988).

Furthermore, if existing gold coins were melted down and struck into new

issues, then we would expect to see a homogenisation of their trace element

profiles (Radivojević et al., 2019, Fig. 9). On its own, this approach presents

the same kind of issues as identifying the mixing of ‘fingerprints’: how do

we separate the recycling and homogenisation of coins containing very low

and very high concentrations of element A, versus the introduction of a new

gold source that contains a medial concentration of hypothetical element A?

Equally, given that the Romans were most probably making use of a mixture

of sources and still using fresh metal during periods of recycling, would

we even be able to visually discriminate between natural profiles and these

homogenisations? The way around these concerns is to make use of elements

that are ubiquitous in significant concentrations and highly variable, meaning

periods of unusual consistency and homogeneity become identifiable. As such,

for detecting the re-melting and recycling of gold the best approach is to find

a ubiquitous, highly variable and highly volatile/easily oxidised element that

exists in significant concentrations in the gold coinage. When there are clear

periods where the concentration of this element is reduced and homogenised

across multiple issues, while other less volatile trace elements remain elevated,

then we can make the argument that this is a period where re-melted and

recycled gold has been used.

Here it is proposed that sulphur can be this diagnostic element for

recycling in Roman gold coinage. First, it is much more volatile than the other

key elements - generally metals - used as discriminators for ‘fingerprinting’,

and it readily forms sulphur dioxide when combusted in air (Hasenberg, 2008;

Young, 2002). For example, re-melting copper without deliberate oxidation

causes a significant drop in sulphur content, but has little effect on many

other elements (Pernicka, 2014, Fig. 11.7). Second, it is present in detectable

concentrations in nearly all of the coins analysed: c. 95% of coins contained
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greater than 10ppm of sulphur and only 2 out of 573 contained less than

1ppm. The near ubiquitous association between gold and sulphur should

not be surprising as sulphur plays a crucial role in the initial creation of

gold deposits in the Earth’s crust: “the S3
- ion greatly enhances the fluid

capacity [of hydrothermal fluids] to extract Au from magma or rocks and

to transport it to ore deposition sites” (Pokrovski et al., 2015). Third, our

archaeological and chemical evidence suggests that the dominant source of

gold for most of the first and second centuries AD was freshly extracted metal;

and our hoard evidence suggests that aurei were not regularly withdrawn and

recycled – this seemed instead to have happened during occasional, defined

periods of withdrawal. As such, the first- and second-century data can give

us an idea of what sulphur looks like in gold coins that have been largely

struck from fresh metal. Here sulphur is a detectable and highly variable

component, generally ranging from 25-100ppm with a median concentration

of 50-60ppm. Ultimately, this means that a reduction and homogenisation

should be identifiable, meaning one is able to argue that the gold used to strike

those coins has been re-melted and recycled. This can then be married up

with our numismatic, archaeological and historical evidence to form a more

comprehensive argument.

In arsenical bronzes, the depletion of arsenic can be used to trace recycling

providing that arsenic compromises a few wt% of the bronze in question. At

lower concentrations, however, it would appear that arsenic’s strong affinity

for molten copper means it becomes much more difficult to eliminate through

oxidation (McKerrell & Tylecote, 1972; Radivojević et al., 2019; Sabatini,

2015). Essentially, the strong affinity for molten copper means the transfer

of arsenic to the liquid-gas boundary is slowed and the availability of arsenic

at the surface of the melt to be oxidised in the surrounding air is reduced

(Sabatini, 2015, 2990). At lower concentrations this means that less arsenic

than one would expect is lost via evaporative oxidation. However, there

is no evidence that the same thermodynamic interactions occur between

sulphur and molten gold. Sulphur can actually be used as part of a ‘sulphur

cementation’ process in order to refine gold, with the unwanted impurities

forming gaseous metal sulphides leaving the pure gold behind (Craddock,

2000b, 67-8). The basis of this technique is that sulphur does not form a stable

product with the gold under these conditions, but does with other metals, and

is transient within the molten gold. Indeed, one danger of such an approach

is that elemental sulphur can violently volatize and ‘spit’ molten gold out of

the melting pot as it escapes as a gas. Equally, an impurity-rich matte can be

formed on the surface of the molten gold. Ultimately, sulphur cementation
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works because sulphur is transient within molten gold. This means that

gaseous sulphur products are able to escape and an impurity-rich matte is

able to form on the surface. As such, while there is far less research available

on the thermodynamics of sulphur in molten gold, we should not expect trace

amounts of sulphur to be especially resistant to evaporative oxidation in the

molten metal.

Furthermore, we also do not need to be concerned about the formation

of stable gold-sulphur products. The principal sulphide of gold – Au2S

– decomposes to gold metal and elemental sulphur, and generally has to

be synthesized using hydrogen sulphide (Santamarı́a-Pérez et al., 2019).

Furthermore, oxidising and acidic conditions, alongside the appropriate

catalyst, seem to be required in order to form gold-thiosulphates (Aylmore

Muir, 2001, Fig. 1b; Bin et al., 2017). On the other hand, the formation of

AuS- seems to require alkaline and reducing conditions (Jiayong et al., 1996;

O’Malley, 2002, Fig. 1.6). Regardless, these products all seem to decompose at

a few hundred degrees Celsius, well under the 1064 oC melting point of gold.

Ultimately, heating gold that contains sulphur in the ancient melting pot will

not result in a stable gold-sulphur product, and the volatile sulphur is much

more likely to oxidise off in such conditions.

Given all this, we would expect that gold coins that have been melted down

and struck into new coinages would have both a reduced and homogenised

sulphur concentration. By observing the overall concentration and variability

of sulphur across multiple issues from broad periods of time, we should be

able to detect when coinage is being struck from metal that has experienced

significant re-melting.

8.6.1 The Late Third Century

The patterns in the sulphur data suggest that the latter half of the third century

sees the introduction of a regular and quite comprehensive recycling effort. If

the median concentration of sulphur is plotted over time, the drastic drop

that occurs in the mid-third century can be quite evidently seen (Figure 69).

Sulphur here has been scaled to the gold content of the coin, meaning a drop

in sulphur is not simply tracking a reduction in the purity of the aureus or

solidus.186 Essentially, a 50% pure gold coin will have its sulphur content

doubled. Between 50 BC and AD 250, the median concentration of sulphur

is generally 50ppm to 60ppm. However, between AD 251 and AD 275 this

had reduced to only 28ppm and between AD 276 and AD 300 was 38ppm.

186This process has had a negligible effect on the overall pattern returned.
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Figure 69: The Median Concentration of Sulphur Scaled to Gold in Gold Coins

Struck Between 50 BC and AD 477
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As such, we can observe a broad reduction of 20-50% in the concentration of

sulphur in this period. Furthermore, this is not accompanied by an associated

drop in the concentration of elements like tin or lead, suggesting that the

reduced sulphur contents were not an artefact of a more rigorous hypothetical

refining process. In addition to this we can quite clearly observe the increased

homogenisation of sulphur at this time. Across the first and second centuries

the interquartile range of sulphur is c. 33ppm, from AD 251 to AD 450 the

interquartile range is only c. 21ppm. If we use the median absolute deviation

a similar pattern can be observed: from AD 1 to AD 250 the median absolute

deviation is c. 15ppm, from AD 251 to AD 450 it is only c. 10ppm. In both of

these measures of the variability of the sulphur data we can clearly observe

an approximate reduction of 33% in the ‘spread’ of the data, essentially

highlighting its increased homogenisation around an average value from AD

250 onwards. Indeed, the mid-third century being the ‘turning point’ for

recycling can be immediately observed just by plotting sulphur (Figure 70).

The tight clustering of the data points in an undulating pattern across the third

and fourth centuries can only sensibly be explained by a homogenisation of the

gold stock. In the late third century specifically the concentration of sulphur

within the gold coinage has become significantly homogenised compared to
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Figure 70: Sulphur Scaled to Gold in Gold Coins Struck Between 50 BC and

AD 477
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the first and second centuries regardless of how the data are grouped: from

AD 251-300 the median absolute deviation is c. 8ppm, from AD 251-276 it

is 3ppm and from AD 276-300 it is 9ppm. Across the latter half of the third

century, then, we see a sharp reduction in the concentration of sulphur and an

associated homogenisation, which suggests that the gold used at this time had

been re-melted, mixed together and then used to strike coinage.

A substantial recycling operation at this time makes a lot of sense given

the historical context. The aureus was regularly and significantly debased for

the first time in the mid-third century, from which we can infer some degree

of state fiscal inadequacy. When this is combined with the tumbling weight

standard of the aureus across the third century,187 it would appear that the

Imperial treasury was in some need for gold at this time. As such, older aurei

in circulation provided a stock of pure gold that could be recycled, debased

and stretched further than if they were simply re-issued.

Moreover, the patterns observed in our numismatic evidence and the hoard

data collected here seem to be best explained by the introduction of recycling

at this time. The point at which the sulphur data suggest the beginning of a

substantial practice of recycling matches up almost perfectly with the point

187 See Chapter 4.1
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at which the hoard data suggest that older aurei were no longer in circulation

(Figure 35). From the mid-third century onwards the range of issue dates of

aurei in hoards noticeably contracts: between AD 100 and AD 240 the median

date range of aurei in hoards is 91 years, between AD 260 and AD 300 this has

contracted to just 16 years. This would imply the withdrawal of significant

amounts of first-, second- and early third-century aurei from the circulation

pool at this time. Moreover, the recycling of existing gold coinages in the latter

half of the third century would help to explain the apparent paradox identified

by Bland (2013; 2014), where die studies of third-century aurei suggest a high

level of production, but hoards and site finds suggest these coins were scarce.

Intensive recycling in the latter half of the third century meant that early third-

century aurei had only a few decades to be removed from the circulation pool

through loss or hoarding, compared with the century or centuries that first-

and second-century aurei had. As such, it is no wonder that they appear in

the material record far less frequently than aurei from earlier periods. This

also means that the lack of mid-third-century aurei in the material record

can no longer be used as evidence for a lack of supply of gold coinage and

we no longer have to assume that aurei were flowing out of the empire to

explain the high production levels attested to by the die studies. The presence

of intensive recycling in the latter half of the third century, then, provides

additional support to the trust-based argument made above in the discussion

of the metrology of the third century.

Compared to the first and second centuries we can observe a reduction

and homogenisation in the concentration of sulphur across the latter half of

the third century. Within these final two quarters, however, we can detect

some variation. While the concentration of sulphur is still particularly low in

the final quarter of this century – a median of 38ppm between AD 276 and

AD 300 – it is noticeably higher than between AD 251 and AD 276. Equally,

the concentration of sulphur in this final quarter is still more homogenised

compared to the first and second century, but less so compared to the previous

quarter. The median absolute deviation in the third quarter is c. 3ppm, but

in the final quarter is c. 9ppm. There is still clear evidence for the re-melting

and mixing of gold, but in this final quarter there seems to be an injection of

slightly higher, and more variable, sulphur gold. It would seem that recycled

gold is still a major source of the gold used to strike coinage at the end of

the third century, but it appears that it was now being supplemented with

stocks of ‘fresh’ metal as well. An injection of fresh metal into the gold supply

network at this time fits in quite well with the identification of an iron- and

zinc-rich gold source that can be detected from approximately AD 276 until
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the first half of the fourth century.

8.6.2 The Fourth and Fifth Centuries

Outside of the platinum-rich gold source, the Romans appeared to have been

making use of recycled gold as well. In terms of sulphur, we see a broad

continuation of the trend from the last quarter of the third century in the

early fourth century: the median concentration of sulphur is 36ppm between

AD 301 and AD 325 (Figure 69). While still noticeably higher than during

the ‘peak’ of the recycling in the mid-third century, this is much lower than

in the first and second centuries. Furthermore, the data points for sulphur

are still tightly clustered across the fourth century (Figure 70), with the data

from AD 301 to AD 325 having a median absolute deviation of c. 7.5ppm.

Sulphur still appears to be noticeably homogenised. All this suggests that

recycled gold was still supplemented with fresh metal in the first quarter of

the fourth century. This is probably coming from the remnants of the ‘western’

sources and the earliest metal from the ‘eastern’ sources. Above it was argued

that Constantine’s reign was not a singular, revolutionary point for the gold

coinage, and the continuation of late third-century production trends into the

fourth century helps to support this notion.

Between AD 325 and AD 367 the median concentration of sulphur drops to

27ppm, which is effectively at the same level as during the mid-third-century

crisis. Callu et al. (1985, 104-8) argue that between AD 346 and AD 359 mints

were making use of unrefined gold, as solidi produced at this time contained

elevated levels of silver, copper, tin, zinc, iron and lead. Their suggestion

is that the platinum-rich fourth century gold source was being exploited at

this time – hence the elevated levels of platinum - but that the state was not

refining this gold properly – hence the elevated levels of non-noble metals –

until AD 368, at which point a “drastic purification” took place. There are

some fundamental problems with this interpretation, however. First, while

there are elevated levels of a variety of trace elements at this time compared

with the rest of the fourth century, the concentrations of elements like zinc,

iron, tin and lead are quite congruent with the levels seen in the first and

second centuries; as such the concentrations of these base metals are nowhere

near high enough to be indicative of a lack of refining. Second, there is a

spike in tellurium between AD 350 and AD 364 that quickly declined shortly

after this date. The platinum-rich gold source is clearly not a gold telluride

- otherwise tellurium would remain in the gold coinage in the fourth and

fifth centuries - as such, there is clearly more than one geological source being
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exploited at this particular time. Finally, rather than the use of unrefined gold,

the concentration of sulphur at this time would instead suggest the recycling

of existing gold coins or objects. Not only is there a considerable drop in

the median sulphur concentration (Figure 69), but the sulphur contents are

clearly still being homogenised - which can be observed in how tightly the

sulphur data points cluster around the overall downwards trend from the 320s

onwards (Figure 70). Indeed, from AD 325 to AD 367 the median absolute

deviation is only c. 6ppm. This is certainly not what we would expect from

less refining of the gold, and is instead much more congruent with relatively

intense recycling.

Recycling at this time would help to explain the great variety of

trace elements seen in the gold coinage: objects and coins made from

multiple different sources of gold had been melted down together, creating

an amalgamation of a variety of different trace element profiles. This

proposed period of recycling broadly coincides with the sharp decline in

gold hoarders using bullion-like objects as a store of wealth (Figure 33), and

so the compulsory purchase of bullion or bullion-like objects from private

individuals may well have been the original source of this recycled gold.

We should also not forget Eusebius’, perhaps exaggerated, recordings of

Constantine seizing treasures from pagan temples (Vita Constantini, III.54).

The drop in many of these trace elements after AD 367 – most notably

tellurium – coincides with the steady rise in the median concentration of

sulphur in the gold coinage: between AD 368 and AD 450 the median

concentration ranged from 44ppm to 47ppm. As such, rather than now further

refining the same source of gold, it would appear that the Romans were no

longer using recycled gold from a variety of quite different geological sources.

The beginning of this increase in sulphur across the latter half of the fourth

century matches up almost perfectly with the dominance of the ‘platinum-

rich’, ‘eastern’ gold source. From the 360s onwards we see a sharp spike

in the platinum content of solidi, suggesting this particular source was now

dominating the Roman gold supply (Figure 56), and from the middle of the

360s until approximately AD 390 we see a steady increase in the concentration

of sulphur (Figure 70). It would appear that as the ‘platinum-rich’ gold source

becomes increasingly dominant and contributes more fresh metal into the

Roman gold supply network, the concentration of sulphur in the gold coinage

is driven upwards. From AD 390 the sulphur concentration seems to plateau

at around 45ppm and it remains remarkably steady across the fifth century

(Figure 69); presumably having reached a point of equilibrium.

What is particularly interesting is that while we see a distinct rise in
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the concentration of sulphur, linked with the introduction of fresh metal,

the sulphur content of the gold coinage remains homogeneous. The broad

‘trend’ is a rise across the late fourth century followed by a plateau across the

fifth, which the sulphur data points cluster very tightly around (Figure 70).

Furthermore, between AD 368 and AD 400 the median absolute deviation is

just under 7.5ppm, from AD 401 until AD 477 it is c. 6ppm and between AD

368 and AD 477 it is just over 6 ppm. Ultimately, the sulphur data appear to

show continued homogeneity across these periods despite the introduction of

a new gold source. This is, of course, exactly what we would expect given the

stipulations of the AD 366/7 tax reforms. Gold coins now have to be melted

down into a mass of pure gold and then handed over to the state, meaning the

state is making frequent use of gold that is the product of melting down and

mixing together existing coinages. Furthermore, some of the sulphur ‘gains’

from the injection of fresh metal would be offset by the ‘losses’ from this re-

melting and re-striking. This seems to be exactly what we see in the sulphur

concentrations of late fourth- and fifth-century gold coins. While the median

concentration is not as low as in the middle of the third and fourth centuries, it

does not quite reach the highs seen in the first and second centuries. Overall,

gold coins in the late fourth and fifth centuries seem to exhibit sulphur profiles

with the characteristics of both first- and second-century ‘fresh metal’ coinages

and mid-third- and fourth-century ‘recycled metal’ coinages. They have the

tightly clustered, homogenised sulphur contents that we see during the most

intensive recycling periods in the middle of the third and fourth centuries. Yet

we can observe ‘trails’ of sulphur into the hundreds of ppm, which seem to

be most common during the first and second centuries and are most probably

the result of the injection of high-sulphur fresh gold at this time (Figure 70).

The sulphur concentration overall seems to sit at mid-point between the two

previous periods: with a median concentration of around 45ppm, it is higher

than the 27-38ppm seen in the middle of the third and fourth centuries, but

noticeably less than the 50-70ppm median concentrations across the first and

second centuries. This all fits with what we know about the fourth century:

existing coinages were regularly recycled, but ‘platinum-rich’ fresh metal was

regularly injected. As such, we should expect to see a mixture of both the

‘recycled’ and ‘fresh metal’ profiles.

8.6.3 Earlier Periods of Recycling

We can be quite confident that the major source of gold from 50 BC until

the third century AD was freshly extracted metal, rather than recycled
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coins or objects. We have an abundance of archaeological, epigraphic and

textual evidence for the extraction of gold at a variety of sites around the

Mediterranean across this period; and the identification of a number of

distinct chemical ‘fingerprints’ adds further weight to the notion that Roman

gold supplies received regular injections of fresh metal during these times.

Furthermore, our hoard evidence consistently shows that aurei were generally

allowed to remain out in circulation for a number of decades and sometimes

well over a century (Figure 9). They were not, then, regularly withdrawn and

melted down like we see in the fourth century (Figure 35). When there were

periods of withdrawal these appear to have been occasional and limited to

specific, older weight standards that were in circulation. As such, recycled

gold was almost certainly a minor contributor to the overall gold stocks across

the first century BC and the first and second centuries AD.

Of course, this does mean there were defined moments at which the

Roman state would have almost certainly been making use of recycled gold,

even if it was a relatively small amount. In terms of periods of withdrawal

we have the staggered removal of older Julio-Claudian weight standards

across the late first century BC and the first century AD; as well as the

comprehensive removal of Domitian’s heavier aurei in the early second century

AD.188 Moreover, if the Romans really did make use of existing Hellenistic

gold coinages under Caesar and Augustus, then we would expect to see some

evidence for recycling in the late first century BC. Equally, if Plutarch (Galba,

20.2) is to be believed then it would appear that precious metal objects were

melted down for coinage during the AD 68/9 civil wars, and so again we could

reasonably expect to find some evidence for recycling here as well.

However, detecting many of these ‘moments’ of recycling is probably near

impossible within this data set. In the third and fourth centuries it was

possible to compare the patterns in sulphur from multiple decades against

the overall pattern seen in the first and second centuries. Furthermore, the

withdrawals in the third and fourth centuries appeared to be much more

comprehensive, rather than limited to a smaller group of coins struck at an

older weight standard. For these earlier ‘moments’ of recycling we require

a much higher resolution approach – rather than comparing decades to

centuries, we will have to compare years to the preceding decade(s). Given

the variability in sulphur an aggregate approach is still needed, meaning we

require lots of coins from the years surrounding these proposed ‘moments’ of

recycling. This is rarely the case here, but could be solved with the analysis

188See Chapter 2.1.1 for Julio-Claudian withdrawals, Chapter 3.1 for the removal of

Domitian’s gold.
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of more museum collections. Even if we have the required quantity of data,

depending on how this recycled gold was used it may be extremely difficult

to detect in the trace element profile of the gold anyway. For example, if a

particular issue of coin was taken out of circulation, melted down and then

slowly added back into the gold stock, the overall effect on the trace element

composition of the gold stock would be muted. Given the dominance of fresh

metal in the early and middle imperial periods, a slow withdrawal or the

slow use of recycled metal would probably be undetectable in the sulphur

content of the gold coinage. The best chance at detection is when a significant

quantity of recycled gold is used rapidly to strike coinage. By looking at the

sulphur concentration of coins produced year to year around any proposed

‘moments’ of rapid recycling we should be able to detect a sudden drop and

homogenisation if recycled gold was used for a small series of coins. Again,

however, we come up against a quantity of data issue given the much higher

resolution approach needed.

There does not appear to be enough material to investigate most of the

proposed ‘moments’ of recycling in the first and second centuries. The

Ashmolean’s collection does not contain enough aurei from the early Julio-

Claudian period to assess whether recycled ‘Hellenistic’ gold was used in the

middle of the first century BC. Equally there is not enough to embark on

the high resolution approach needed to detect when withdrawn aurei of older

Julio-Claudian weight standards were recycled. The same really has to be said

for investigating withdrawals under Trajan as well. However, within this data

set the most fruitful area of investigation for an earlier ‘moment’ of recycling is

the AD 68/9 civil war period. The Ashmolean has 95 aurei issued between AD

37 and AD 100, and has 28 issued between AD 68 and AD 72. This number of

coins should allow us to see any stark difference between the civil war period

and the years before and after it. Furthermore, given the very short reigns

of three out of four of the competing emperors any use of recycled gold to

strike their coinages must have happened rapidly – recycled gold could not be

drip fed into the stocks over a number of years if the reigns were a matter of

months. Moreover, in the first few years of Vespasian’s reign, we can assume

that there was significant pressure to strike gold coinages to pay the army and

other agents of the state, in order to secure his immediate position. As such, it

would be unsurprising to see Vespasian recycling gold in the first few years of

his reign and it would make sense for this to gold to have been used quickly. In

all, if recycled gold was being used between AD 68 and AD 72 we would expect

to be able to detect a reduction and homogenisation in the concentration of

sulphur across the gold coinage from this short period.
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This in fact appears to be the case (Figure 71). The concentration of sulphur

is relatively consistent from AD 37 to AD 67 and from AD 73 to AD 100;

across both periods the median concentration of sulphur is between 64 to

68ppm. However, there is a significant drop in the concentration of sulphur

that is confined to the immediate years surrounding the AD 68/9 civil wars.

Between AD 68 and AD 72 the median concentration of sulphur drops to just

c. 39ppm. This is the sort of figure seen during the late third and early fourth

centuries. Furthermore, we can also detect the homogenisation of sulphur,

again confined to this AD 68 to AD 72 period. Between these years the median

absolute deviation is c. 11ppm. Whereas between AD 37 and AD 67 it is c.

21ppm, and from AD 73 to AD 100 it is c. 19ppm. As such, we have two

quite long periods of stability in both the overall concentration and variability

of sulphur either side of a short period where there is a reduction in both

the concentration and the variability of this element. Given that sulphur has

Figure 71: Sulphur Scaled to Gold in Gold Coins Struck Between AD 35 and

AD 100
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been scaled to gold – meaning this is not simply tracking a reduction in the

purity of the coins during the civil wars – it would appear that recycled gold

was frequently added into the gold stock between AD 68 and AD 72. Not

only does this make sense considering the instability of the civil war period

and match up with Plutarch’s (Galba, 20.2) account, but it may well contribute
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to explaining the erratic purity of the aureus in these years. If gold objects

of uncertain purities were simply thrown into the melting pot without any

significant further refining, then this may have irregularly debased the gold.
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Chapter 9

Summary of Conclusions

Value

The aureus had a face value of 25 denarii from its inception until at least AD

235, but certainly no later than AD 260. At what point between AD 235 and

AD 260 the fixed relationship between the aureus and the denarius officially

ended is difficult to tell. However, gold hoarders making use of bullion-like

objects, but frequently not storing a single gold coin, suggests that the gold

coinage did not function as bullion until the second half of the third century.

From AD 260 it is clear that the gold coinage was circulating by weight -

the abandonment of any semblance of an aureus weight standard at this time

meant that the coin could only really be valued by weighing it. It is probably

safe to assume that the value of the aureus was not its literal bullion or intrinsic

value – the state continued to debase the gold coinage, which would be a

wasted effort if it was issued at its literal intrinsic value. Instead it is more

probable that the aureus was issued as if it was pure gold, regardless of its

purity, and its value fluctuated with its weight. This holds until the tax reforms

of AD 367. With these reforms the state became singularly focused on the mass

of pure gold it was receiving and viewed its own coinage, agents and tax payers

with absolute suspicion. Solidi were no longer accepted for the purposes of tax

payments and instead had to be melted down, assayed and a mass of pure gold

handed over. Solidi from this date were frequently marked ‘OB’, advertising

their purity, and while this was accompanied by a restoration of the purity of

the solidus in general, the state would often have been at an advantage given

that it could still issue slightly debased gold coins. For at least the purposes

of tax payments, the gold coinage was now valued by the intrinsic value of the

gold within it.
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Trust

In the first and second centuries trust in the face value of the aureus was

particularly strong. From the late first century BC until the end of the

first century AD, hoarders were happy to store aurei that had been struck

to substantially different weight standards alongside each other. There is

no convincing evidence that aurei struck to differing weight standards had

differing face values at this time. In the second century AD the vast majority

of the aurei in circulation were struck to the c. 7.3g Neronian standard – the

heavier aurei of Domitian and the Julio-Claudians had most probably been

withdrawn by the time of Trajan. While originally struck at the same target

weight, many of the aurei in the second century circulation pool had been in

circulation for 50 to 100 years. As such, it would appear that around half

the aurei in circulation were actually below 7.07g in weight. Large depositors,

who hoarded more than 40 gold coins, seemed to draw indiscriminately from

the circulation pool and stored aurei that weighed anywhere from 6g to 7.5g

alongside each other. Again, there is no evidence that aurei of different weights

had different exchange values at this time, and so this should be seen as a vote

of confidence in the face value of the aureus. Small depositors, who stored

fewer than 40 gold coins, clearly had some trust in the face value of the gold

coinage, but this trust had its limits: this group of hoarders appeared to have

preferentially selected their aurei by weight and filtered out the coins that

weighed approximately under 7g. Generally speaking, it would appear that

it was more efficient to have trust in the face value of the aureus than it was to

spend the time preferentially selecting more than 40 aurei by weight.

By the mid-third century trust in the gold coinage had clearly broken

down. Between AD 235 and AD 260, over 60% of hoarders who deposited

some form of gold did not use a single gold coin to do so. While supply

problems may have played some part in this, die studies suggest that aurei

were still regularly produced in the mid-third century. Furthermore, the

anomalously low sulphur content of late third century gold coins implies the

quite comprehensive recycling of gold at this time, meaning the absence of

evidence really is not evidence of absence. As such, it would appear that

hoarders simply did not trust the gold coinage as a long term store of value

between AD 235 and AD 260. Aurei appeared to have been produced on a

relatively large scale, used – but not extensively hoarded – and then recycled

across the mid-third century. Having the aureus circulate by weight seemed

to have restored trust in the coin: between AD 260 and 275 around 70% of

gold hoarders stored gold coins, by the early fourth century this had increased
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to approximately 90% and fluctuated between 90% to 100% across the fourth

and fifth centuries.

Use

There is little opposition to the notion that solidi were regularly used in

transactions from the fourth century onwards: we have papyri that record

transactions in solidi, textual evidence for state agents pressuring the state to

pay their salaries in gold, and prices are frequently expressed in solidi at this

time as well. The relatively high velocity of late imperial gold coins is well

established (Banaji, 2001; Lo Cascio, 2008).

By contrast, the discussion of the use of the aureus is still heavily influenced

by the ‘low velocity’, ‘static store of wealth’ positions advocated by Duncan-

Jones (1994) and Jongman (2003) respectively. However, it should now be

clear that the rate of wear of the aureus has been hugely underestimated and,

by proxy, so has its velocity of circulation. The figure returned here is over

double the figure offered by Duncan-Jones and is based on significantly more

metrological evidence. The aureus, then, was not a static store of wealth and

was almost certainly out in circulation, being used in transactions, in order to

accrue a rate of wear that was double that of the English sovereign.

Principles

For the first and second centuries, depending on which data sets are used,

two quite radically different characterisations of the principles the aureus

operated under could be written. If only the metallurgical data is used,

then one could argue that the state spent approximately 300 years ensuring

the purity of the aureus, and that it was generally unwilling to test the

faith individuals had in the gold coinage by altering it in any way. Indeed,

when fiscal inadequacy seemed to have demanded debasement during the

AD 68/69 civil wars, restoration to full purity came within a few years –

reinforcing the state’s commitment to a full purity gold coinage. Equally,

when a tumbling weight standard in the early third century indicated serious

economic strain, the state remained committed to striking full purity aurei

until approximately AD 250. Furthermore, the identification of a group of

hoarders that preferentially selected by weight suggests that at least some

hoarders cared about the intrinsic value of the coins they were hoarding. From

these data, then, we get the picture of a gold coinage governed by metallist
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principles.

The rest of the metrological data, however, give the opposite view. Across

the first centuries BC and AD, the state was willing to lower the weight

standard every few decades and individuals – or at least hoarders – seem

to keep their faith in the value of the aureus regardless. Furthermore,

even when the weight standard remained stable, it seems that the state was

happy for aurei to remain in circulation for 50 to 100 years and become

increasingly lighter through wear over time. Large depositors were happy

to draw indiscriminately from this quite variable circulation pool, storing

aurei that differed significantly in their intrinsic value together. Looking at

these data alone, then, it seems that the gold coinage was governed by more

chartalist principles.

These seemingly contradictory conclusions really sum up the economic

tension that defines trust in the Roman economy from the first century BC

until the early third century AD. Certainly, individuals had faith in the face

value of the aureus – and the state was able to test this trust by altering

weight standards – but this trust was actively cultivated by the Roman state

by ensuring a full purity gold coinage. In this sense, then, trust in the aureus

existed within a tension between the seemingly contradictory metallist and

chartalist principles held by individuals.

In the early third century metallist principles and a more bullionist mind-

set began to dominate. From 50 BC to AD 218 the proportion of gold hoards

that contained bullion-like objects clustered at approximately 10%; between

AD 235 and AD 260 this had risen dramatically to 78% of gold hoards. It is

not surprising to see the gold coinage essentially become state issued bullion

at the end of this period of increasing bullionist tendencies, which should be

seen as a natural response to declining trust in the face value of the aureus.

Even when gold coins were circulating by weight, the majority of gold hoarders

were still using bullion-like objects alongside gold coins until the early fourth

century. With the tax reforms of AD 366/7, these metallist principles became

even more evident – the purity of the solidus was no longer taken on trust and

the state demanded the gold metal from the coin as tax payment rather than

the coin itself.

Purity

Between 50 BC and the beginning of the AD 68/69 civil wars, the aureus had

a mean purity of 99.6% pure. The gold coinage was debased with silver and
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occasionally copper between AD 68 and AD 72, and ranged from 99.7% pure

down to 83.5% pure. From approximately AD 72 until AD 249, the aureus had

a mean purity of approximately 99.3%. Under Trajan Decius and Trebonianus

Gallus we see a very slight drop in the purity of the aureus, which by AD

253 had turned into a significant debasement under Valerian and Gallienus.

From AD 253 until Aurelian’s reforms in AD 274, the aureus clustered at

approximately 91% pure and was debased with both silver and copper during

this time. From AD 274 to AD 294 the aureus had a mean purity of 97.6%,

with silver averaging at c. 2%, and from AD 294 to AD 324 the mean purity

had risen again to 98.8%.

Between AD 325 and AD 367, the solidus was debased with silver down

to approximately 95% pure, before springing back up to almost full purity

at some point in AD 367. ‘Full purity’ by late antique standards seems to be

around 99% pure.The sharp return to full purity is almost certainly connected

with the tax reforms governing the treatment of the gold coinage during the

tax collection process. From this point on the solidus was regularly marked

‘OB’ and remained at effectively full purity until c. AD 450, at which point we

can begin to detect regional variation between mints. Mints in the Eastern

Roman Empire were able to continue producing solidi that were very high

purity, whereas western mints gradually debased the gold coinage down to

c. 95% pure from approximately AD 450 onwards.

Sources

In the 40s BC there appeared to have been an injection of ‘high’ rhodium,

‘high’ platinum gold, which may well have come from recycled Hellenistic

gold coinages. This source was certainly mixed in with ‘western’ sources from

the outset, and any ‘eastern’ signature was quickly diluted by the sources

that were more regularly exploited by the Romans for the rest of this century.

Towards the end of the first century BC a manganese-rich gold source appears

in the chemical data and seems to be a significant source until approximately

AD 50. This gold probably came from the Iberian Pyrite Belt.

From approximately AD 40 to AD 150 a ‘low’ tellurium, iron-rich and

relatively high zinc gold source was dominating the Roman gold supply. The

weight of the geological, archaeological and historical evidence would suggest

that this gold was coming from the various mines in the North West of the

Iberian Peninsula. However, it has not been possible to confirm this here and

so it remains just a sensible hypothesis. In the late first century AD a ‘high’
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tellurium, ‘not-high’ antimony, ‘high’ iron gold source begins providing metal

to the mint, although it was at its most prevalent between AD 100 and AD

120. This gold was probably coming from Dalmatia, perhaps specifically in

part from the mines around Gornji Vakuf-Uskoplje. By AD 130 this source

had been superseded by a ‘high’ tellurium, ‘high’ antimony one, which was

almost certainly located in part at Ros, ia Montană in Dacia, which quite sharply

dropped off after AD 162. From this point onwards until the early third

century a relatively ‘cleaner’ gold source dominated the trace element profile

of the aurei analysed.

In the latter half of the third century it would appear that mints made

particular use of recycled gold. Between AD 251 and AD 275 the median

concentration of sulphur in the gold coinage dramatically declined compared

with the previous centuries, suggesting that gold used to make these coins

had been melted down, and the sulphur oxidised off, far more frequently than

before. The gold coins from this period also had much more homogenised

sulphur contents, suggesting a mixing and aggregation of the gold coinage

at this time. While the concentration of sulphur climbed a little in the

early fourth century, perhaps as other sources of fresh gold were exploited,

it came crashing down again between AD 325 and AD 367, again suggesting

recycled gold was a particularly significant source at this time. Indeed,

sulphur at this time showed low variability, which again suggests the mixing

and aggregation of the gold. With the emergence of a ‘high’ rhodium, ‘high’

platinum gold source in the late fourth century the concentration of sulphur

rose significantly, suggesting relatively fresh metal was now the dominant

source – although the concentration does not quite reach the heights of the

middle imperial period, suggesting some recycling remained. Importantly,

there was not a noticeable increase overall heterogeneity of sulphur in the

gold across the late fourth and fifth centuries. This suggest that while the

‘platinum-rich’ gold source was providing fresh metal, the gold stocks were

still being regularly melted down and mixed back together. This, of course, fits

perfectly with the stipulations in the AD 366/7 tax reforms. It makes the most

sense for this ‘platinum-rich’ gold source to be located somewhere in modern

day Turkey, and our textual and chemical evidence seem to point to the north

eastern region, near the border with Armenia, as being the most likely spot.

However, we lack the firm direct evidence of Roman gold exploitation in this

region at this time to really take this beyond being a sensible hypothesis.

What all this shows is that the Roman gold supply network was clearly a

highly sophisticated and complex system.
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Appendix A – Survey of Hoard

Contents (AD 193 - AD 457)

This appendix contains a survey of the contents of the gold hoards

documented by Hobbs (2006) and those recorded on the Coin Hoards of the

Roman Empire Online Database. There is significant overlap between these

two data-sets, yet this does not necessarily mean they are congruent. This

survey uses a ’binary’ system: if a hoard contained a certain class of object

it gets marked ’Y’, for ’yes’. As such, this survey should be used as a broad

overview of hoarding behaviour in general during the time periods covered:

individual hoards may be re-dated, or a closer examination of the specific

contents of a hoard may change the identifications. The best information

on the contents of any hoard included below will be by tracing the original

publications through either Hobbs (2006) or the CHRE Online Database.
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AD 193 – AD 218 (Macrinus) 
     

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Arquennes Belgium 193 Y 
    

Lugo I Spain 193 Y 
    

Lyon France 193 Y Y 
   

Starcevo Romania 193 Y 
   

Y 

Torreblanca  Spain 193 Y 
    

Trier Germany 193 Y 
    

Troyes (I) France 193 Y 
    

Villach Austria 193 Y 
   

Y 

Şanliurfa Turkey 194 Y 
    

Arras France 196 Y 
   

Y 

Szony V (1959) Hungary 196 Y 
    

Souvigné-Sur-Même France 196 Y 
    

Sousse Tunisia 198 Y 
    

Monceau Sur Sambre Belgium 198 Y 
    

Vertus France 198 Y 
    

Paris Rue Clovis France 205 Y 
    

Borralheira Portugal 208 Y Y 
 

Y 
 

Le Cannet  France 211 Y 
    

Macon IV France 211 
 

Y 
   

La Ferté-Bernard France 211 Y 
    

Sceaux France 212 Y 
   

Y 

Coca Spain 214 Y 
   

Y 

Uum Qais Jordan 215 Y 
    

        
Percentage  

 
96% 13% 0% 4% 22% 

        AD 218 (Elagabalus)  - AD 235 (Alexander Severus) 
  

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Waregem II Belgium 218 Y 
   

Y 

Karnak Egypt 218 Y 
    

Le Vieil-Evreux France 218 
 

Y 
   

Akenham England 220 
 

Y 
  

Y 

Altrier Luxembourg 222 Y 
   

Y 

Schrotzburg Germany 222 Y 
   

Y 

Tronchoy France 222 Y 
    

Waltenhoffen Germany 222 Y 
   

Y 

Welzheim Germany 222 Y 
   

Y 

Cluj-Napoca II Romania 222 
 

Y 
  

Y 

Rouen IV  France 222 
 

Y 
 

Y Y 

Baden Baden  Germany 225 Y 
   

Y 

Kempten/Spinnerei Germany 228 Y 
   

Y 
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Tazoult Algeria 234 Y 
  

Y 
 

Klagenfurt I Austria 235 Y 
   

Y 

        
Percentage 

  
73% 27% 0% 13% 73% 

        AD 235 (Maximinus Thrax) – AD 260 (Valerian's capture) 
   

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Amiens France 235 
 

Y 
   

Larissa Greece 235 
 

Y 
  

Y 

Sainte-Consorce France 235 
 

Y 
 

Y Y 

Köln II Germany 236 Y 
   

Y 

Eining I Germany 237 Y 
  

Y Y 

Bordeaux I France 238 Y 
    La Chapelle des 

Marais France 238 Y 
   

Y 

Osijek II Croatia  238 Y Y 
  

Y 

Tunnel de l'Épine France 238 Y 
   

Y 

Vitry en Artois France 238 
 

Y 
   

Burgau Germany 238 
 

Y 
  

Y 

Coinces France 238 
 

Y 
   

Niederbieber II  Germany 238 
 

Y 
 

Y Y 

Vaise France 238 
 

Y 
 

Y Y 

Pitești Romania 241 Y 
    

Saint Genis Laval France 244 Y 
   

Y 

Nicolaevo Bulgaria 244 
 

Y 
 

Y Y 

Jieț-Popi Romania 244 
 

Y 
  

Y 

Kingersheim France 249 Y Y 
 

Y Y 

Lime Street England 249 
 

Y 
  

Y 

Obfelden Switzerland 251 
 

Y 
  

Y 

Givry Belgium 253 Y 
   

Y 

Jagodina-Kruševac Serbia 253 
 

Y 
  

Y 

Morienval France 253 
 

Y 
 

Y Y 

Saint Paul de Varax France 253 
 

Y 
  

Y 
Wiesbach-
Mangelhausen II Germany 253 

 
Y 

  
Y 

Nivolas-Vermelle France 255 Y Y 
 

Y 
 

Balozsameggyes Hungary 255 
 

Y 
 

Y Y 

Rábakovácsi  Hungary 255 
 

Y 
   

Macon III France 256 
 

Y 
 

Y Y 

Saint-Marcellin France 257 
  

Y 
  

Bušetina Croatia  258 Y Y 
  

Y 

Etrigny France 258 
 

Y 
 

Y Y 

Montbrison France 258 
 

Y 
  

Y 

Chalain-d'Uzore France 259 Y Y 
 

Y Y 

Esbarres France 259 
 

Y 
  

Y 
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Percentage 
  

36% 75% 3% 33% 78% 

        AD 260 (Gallienus sole reign) – AD 275 (Aurelian) 
   

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Angers France 260 Y 
   

Y 

Autun IX France 260 Y Y 
 

Y Y 

Rüti Bei Riggisberg Switzerland 260 Y 
   

Y 

Berlare Belgium 260 Y 
    

Coulanges-lès-Nevers France 260 Y Y 
 

Y Y 

Danzé France 260 
 

Y 
  

Y 

Éauze France 260 Y Y Y Y Y 

Heudreville-sur-Eure  France 260 Y Y 
  

Y 

Heuqueville France 260 Y Y 
 

Y Y 

Labretonie France 260 Y Y 
  

Y 

Levesville-Ia-Chênard France 260 
 

Y 
 

Y Y 

Macon I France 260 Y Y 
 

Y Y 

Naix-aux-Forges  France 260 Y Y 
 

Y Y 

Parma, Teatro Regio Italy 260 Y Y 
   

Rennes  France 260 Y Y 
   

Sault-Brénaz France  260 Y Y Y Y Y 

Serra do Condão  Portugal 260 Y 
   

Y 

St. Genis-Pouilly  France 260 Y Y 
 

Y Y 

Suluc Romania 260 Y Y 
 

Y 
 

Blicquy IV Belgium 260 
 

Y 
  

Y 

Lesges France 260 
 

Y 
  

Y 

Mons-Boubert  France 260 
 

Y 
 

Y Y 
St. Georges de 
Reneins  France 260 

 
Y 

 
Y 

 
Xanten Germany 260 

 
Y 

 
Y Y 

Zürich Switzerland 261 Y 
   

Y 

Le Veillon France 265 Y Y 
  

Y 

Talmont-St. Hilaire I  France 266 Y Y 
 

Y Y 

Clairmont France 268 Y 
   

Y 

Le Landin France 268 
 

Y 
 

Y Y 

Genève  Switzerland 270 Y 
    

La Chapelle-Launay  France 271 Y Y 
 

Y Y 

Choisy Au Bac France 271 
 

Y 
  

Y 

Ouagne France 271 
 

Y 
  

Y 

Pressignac France 271 
 

Y 
 

Y Y 

Lava France 272 Y Y Y 
  

Samoëns  France 273 Y 
    

Reguengo Portugal 274 Y 
   

Y 

Ajaccio France 275 Y Y Y 
  

        
Percentage 

  
71% 76% 11% 45% 76% 
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AD 275 (Tacitus) – AD 296 
      

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Authieux II France 275 Y 
  

Y Y 

Dámbel Italy 275 Y 
   

Y 

Rome III Italy 275 Y 
 

Y 
 

Y 

Bregenz Austria 276 Y 
    

La Condamine Monaco 276 Y Y 
   

Philippeville Belgium 276 Y 
  

Y Y 

Surice II Belgium 276 Y 
   

Y 
Sainte-Geneviève-Lès-
Gasny France 276 Y 

   
Y 

Saint-Donat-Sur-
L'Herbasse France 276 

 
Y 

  
Y 

Villeurbanne France 278 
 

Y 
   

Esternberg Austria 284 Y 
   

Y 

Bradley England 286 Y 
    

Cardiff Wales 286 Y Y Y 
 

Y 

Komárom-Szőny III  Hungary 286 Y Y 
   

Neuville-sur-Ain France 287 Y Y Y 
  

Godmanchester England 293 
 

Y 
 

Y Y 

Moissat  France 293 Y 
   

Y 

Kernenried Switzerland 293 
 

Y 
 

Y Y 

Komárom-Szőny I  Hungary  294 Y 
 

Y 
 

Y 

Sully  Wales 295 Y Y Y 
  

Piazzola sul Brenta  Italy 296 Y 
    

        
Percentage 

  
81% 43% 24% 19% 62% 

        AD 297 – AD 317 
      

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Isny Germany 303 
 

Y 
 

Y Y 

Schmerikon Switzerland 304 Y 
    

Aboukir Egypt 305 Y Y Y 
  

Petrijanec I Croatia  305 Y Y Y Y 
 

Mareno di Piave  Italy 305 Y 
    

Oimbra Spain 305 Y 
    

Oyonnax France 306 Y 
    

Mediterranean Italy 306 Y 
 

Y 
  

Kellmünz Germany  308 Y 
   

Y 

Partinico Italy 308 Y 
 

Y 
  

Šarkamen  Serbia 308 Y Y 
   

Allègre France 311 Y Y 
   

Beaurains (Arras)  France 315 Y Y 
 

Y Y 

Ušće Serbia  317 Y 
 

Y 
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Percentage  
 

93% 43% 36% 21% 21% 

        AD 318 – AD 337 
      

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Boltinggård Denmark 318 Y Y 
   

Komárom-Szőny I Hungary 318 Y 
 

Y 
 

Y 

Brangstrup Denmark 326 
 

Y 
   

Borča Serbia 330 Y 
 

Y 
  

Helleville France 330 Y 
 

Y 
  

Köln Germany 330 Y 
   

Y 

Sremska Mitrovica VII Serbia 336 Y Y Y 
  

Holyhead Wales 337 Y 
 

Y 
  Ljubljana IV - Intra 

Muros Slovenia 337 Y 
  

Y 
 

Water Newton I England 337 Y 
  

Y 
 

        
Percentage 

  
90% 30% 50% 20% 20% 

        AD 338 – AD 363 
      

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Paris Ii Paris 346 Y 
   

Y 

Köln Iii Germany 348 Y 
   

Y 

Dol Serbia 350 Y Y 
 

Y Y 

Kessel Germany 350 Y 
    

Lengerich I Germany 350 Y Y 
 

Y Y 

Vaulx-Vraucourt France 350 Y 
    

Ljubljana VII - Forum Slovenia 351 Y 
 

Y 
  

Nielles-Lès-Calais France 351 Y 
    

Belke-Steinbeck Germany 353 Y 
    

Bonn Germany 353 Y 
 

Y 
  

Duisburg Germany 353 Y 
    

Bonn Germany 355 Y 
    

Deudesfeld Germany 355 Y 
    

Gudme II Denmark 355 Y Y 
   

Niederingelheim III Germany 355 Y 
    

        
Percentage 

  
100% 20% 13% 13% 27% 

        

        

        

        AD 364 – AD 378 
       

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 
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Antakya Turkey 364 Y 
    

Bruck Germany 364 Y 
    

Bückeburg Germany 364 Y 
    

Ellerbek Germany 364 Y 
    

Figueras Spain 364 Y 
    

Gudme I Denmark 364 Y 
   

Y 

Konz Germany 364 Y 
    

Melton Mowbray England 364 Y 
  

Y 
 

Parndorf Austria 364 Y 
    

Tewkesbury England  364 Y 
   

Y 

Valea Strîmbă Romania 364 Y 
    

Waldaschaff Germany 364 Y 
    

Westerkappeln Germany 364 Y Y 
   

Bruzgovo Bulgaria 365 Y 
    

El Ashmûnein Egypt 367 Y 
    

Ahn-Machtum Luxembourg 375 Y Y 
   

Kapulukaya Turkey 378 Y 
    

Haromzek Hungary 378 
 

Y 
   

Khirbet Abu Zu'eize Israel 378 Y 
    

        
Percenatge  

 
95% 16% 0% 5% 11% 

        AD 379 – AD 394 
      

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Aylesbury England 383 Y 
    

Corbridge (Site XII) England 383 Y Y 
   Springhead, 

Gravesend England  383 Y 
   

Y 

Grandhan Belgium 383 Y 
    

Wittering  England  383 Y 
    

San Genesio Italy 385 Y 
 

Y 
 

Y 

San Miguel de Deiro Spain  385 Y 
    

Sidi-Bou-Said Libya 388 Y Y Y 
  

Gamzigrad Serbia 388 Y 
    Santo Tomé de 

Négrelos Portugal  390 Y 
   

Y 

Eidinghausen Germany 392 Y 
    

Rockbourne England 392 Y 
    Maiden Castle 

(Temple) England  393 Y Y 
   

Beilen 1955 Netherlands  394 Y Y 
   

Deopham I England  394 Y 
   

Y 

        
Percentage  

 
100% 27% 13% 0% 27% 

        AD 395 – AD 410 
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Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Aquileia I Italy  395 Y 
    

Bishops Cannings England  395 Y Y 
 

Y Y 

Caesarea Israel 395 Y 
    

Canterbury England  395 
 

Y 
 

Y Y 

Carleton St. Peter England  395 Y 
   

Y 

Cleeve Prior England  395 Y 
   

Y 

Estivals France 395 Y 
    

Gross Bodungen Germany 395 Y 
  

Y 
 

Hautot-Sur-Mer France  395 Y 
    

Lanyon England  395 Y 
    

London I England  395 Y 
  

Y 
 

Nottuln Germany 395 Y 
    

Obbicht 1905 Netherlands  395 Y 
    

Oderen France 395 Y 
    

Parma II Italy  395 Y 
 

Y 
  

Poitou France 395 
  

Y 
  

Reading I England  395 Y 
   

Y 

Rencovo Portugal 395 Y 
    

Silchester II England 395 
 

Y 
 

Y Y 

Stanmore England  395 Y Y 
  

Y 

Stratford on Avon England  395 Y 
   

Y 

Sturmer England  395 Y 
   

Y 

Suhaja Croatia 395 Y 
    

Tuddenham St. Martin England 395 
 

Y 
  

Y 

Wilton England 395 Y 
   

Y 

Șimleu Silvaniei I Romania  400 Y Y Y 
  

Bato's Erf Netherlands  400 Y 
    

Conimbriga IV Spain 400 Y 
    

Granada Spain 400 Y 
    

Iatrus Bulgaria 400 Y 
    

Schussenried Germany  400 Y 
    

Setúbal Portugal 400 Y Y 
   

Alcester England  402 Y 
   

Y 

Allington England  402 Y 
   

Y 

Boscombe Down England  402 Y 
   

Y 

Burgate England  402 Y 
  

Y Y 

Suarlee Belgium 402 Y Y 
   

Tobna Algeria 402 Y 
    

Whitwell England 402 Y Y 
  

Y 

Terling England 404 Y Y 
  

Y 

Beja Portugal 405 Y 
    

San Lazzaro Italy  405 Y 
    

Taloire France 405 Y Y 
   

Venlo Netherlands  406 Y 
    

Chapipi Spain 407 Y Y 
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Dortmund  Germany 407 Y 
   

Y 

Eye England  407 Y 
    

Good Easter England  407 Y 
    

Heerlen I Netherlands  407 Y 
    

Hoxne England  407 Y Y 
 

Y Y 

Saint-Denijs-Westrem Belgium 407 Y 
    

Lienden Netherlands  408 Y 
    

Mainz T. IV Germany 408 Y 
    

Titel Serbia  408 Y 
    

Arcos de La Frontera Spain 410 Y 
    

Pavia Italy  410 Y 
    

Rome X Italy  410 Y 
    

Wiesbaden-Kastel Germany 410 Y 
   

Y 

        
Percentage  

 
93% 22% 5% 12% 34% 

        AD 411 – AD 435 
      

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Badalona Spain 411 Y 
    

Barcelona I Spain 411 Y 
    

Belmonte Portugal 411 Y 
    

Braga Portugal 411 Y 
    

Kløvegård Denmark 411 Y 
    

Menzelen Germany 411 Y 
    

Monte De Meio Portugal 411 Y 
   

Y 

Quelfes Portugal 411 Y 
    

Romanos Spain  411 Y 
    

Solana Del Pino Spain 411 Y 
    

Velp Netherlands  411 Y 
 

Y 
  

Villers-L'hôpital France  411 Y 
    

Jerez De La Frontera Spain 415 Y 
    

Chécy France  420 Y 
  

Y 
 

Cherchell II Algeria 420 Y 
    

Elche Spain 420 Y Y 
   

Würselen Germany  420 Y 
    

Chemtou Tunisia 423 Y 
   

Y 

Gravisca Turkey 423 Y 
    

Aquileia II Italy  425 Y 
    

Botoșani Romania  425 Y 
  

Y 
 

Cognin-Les-Gorges France  425 Y 
    

Fano Italy  425 Y 
   

Y 

Furfooz Belgium  425 Y 
    

Glogovic Croatia  425 Y Y 
 

Y 
 

Tunjice Slovenia  425 Y 
    

Minturno Italy  425 Y 
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Mlakvanska Greda Croatia  425 Y 
    

Požarevač  Serbia  430 Y 
    

        
Percentage  

 
100% 7% 3% 10% 10% 

        AD 436 – AD 457 
      

        Hoard Location Earliest 
closing date 

Aurei, 
Solidi 

Gold 
Objects 

Multiples, 
Medallions 

Silver 
Objects 

Silver 
Coins 

Comiso Italy  440 Y 
    

Donji Lapac Croatia  440 Y 
    

Massenzatica Italy  440 Y 
    

Sédico Italy  440 Y 
    

Xanten I Germany  440 Y 
    

Szikáncs Hungary  441 Y 
    

Bíňa Slovakia  445 Y 
    

Nonántola Italy  445 Y 
    

Kladovo Serbia  445 Y 
    

Arçay France  450 Y 
    

Carthage V Tunisia  450 Y 
    

Nickelsdorf Austria  450 Y 
    

Butera Sicily  455 Y 
    Cannitello Di Villa San 

Giovanni Italy  455 Y 
    

Combertault France  455 Y 
    

Gotse Delchev Bulgaria  455 Y 
    

Slavkov 
Czech 
Republic 457 Y 

    

        
Percentage  

 
100% 0% 0% 0% 0% 
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Appendix B – List of Hoards Used

for the Metrological Data

The Coin Hoards of the Roman Empire Web App is currently in beta

and the database is constantly evolving. The best way to find a specific

hoard is to use its unique CHRE ID number and put this at the end

of the URL below: http://chre.ashmus.ox.ac.uk/hoard/For example, to

find the Ambenay hoard (CHRE ID: 5441) below the URL would be:

http://chre.ashmus.ox.ac.uk/hoard/5441

All Gold Deposits – 50 BC to AD 63

Ambenay, France, CHRE ID: 5441, (Giard, 1974)

Besançon, France, CHRE ID: 5443, (Giard, 1992, 128)

Bredgar, England, CHRE ID: 1042, (Loriot & Bland, 2010, #332, 187)

Brescello, Italy, CHRE ID: 10064, (Schwabacher, 1944)

Brindisi, Italy, CHRE ID: 10065, (Friedländer, 1874, 288-9)

Chippenham, England, CHRE ID: 92, (Loriot & Bland, 2010, #49, 121)

Évreux, France, CHRE ID: 12801, (Amandry, 2001)

Patras, Greece, CHRE ID: 6729, (Touratsoglou, 1978)

Szombathely-Herényi, Hungary, CHRE ID: 5465, (Torbágyi, 1994)

Small Gold Deposits – AD 64 to AD 200

Baar, Switzerland, CHRE ID: 6432, (Doswald & Della Casa, 1994, 45-9)

Barway, England, CHRE ID: 126, (Loriot & Bland, 2010, #48, 121)

Bliesen, Germany, CHRE ID: 8187, (Gilles, 2013, 95)

Erla, Austria, CHRE ID: 5235, (Jungwirth, 1967, 26-48)

Martigny, Switzerland, CHRE ID: 6624, (Wiblé, 1992, 126)

Regensburg Alumneum, Germany, CHRE ID: 8156, (Kellner & Overbeck,

1978, FMRD I/3-4 #3097, 191)
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Rennweg, Austria, CHRE ID: 5433, (Jahrbuch für Altertumskunde, 1909)

Schleitheim, Switzerland, CHRE ID: 6430, (Wyprächtiger, 2010, 32-5, 66-9)

Shenstone, England, CHRE ID: 1963, (Loriot & Bland, 2010, #530, 241)

Springhead, England, CHRE ID: 1107, (Loriot & Bland, 2010, #366, 188)

Trier (1880s), Germany, CHRE ID: 6140, (Gilles, 2013, 80)

Trier Leostraße, Germany, CHRE ID: 9729, (Gilles, 2013, 81-3)

Xanten, Germany, CHRE ID: 7421, (Komnick, 2015, #3003.5, 410-12)

Yelverton, England, CHRE ID: 1521, (Loriot & Bland, 2010, #447, 210)

Large Gold Deposits – AD 64 to AD 200

Augsburg, Germany, CHRE ID: 8870, (Weber, 1981, 139-70)

Braga II, Portugal, CHRE ID: 5476, (Centano, 1978, 62-97)

City of London, England, CHRE ID: 717, (Loriot & Bland, 2010, #403, 204)

Corbridge, England, CHRE ID: 1598, (Loriot & Bland, 2010, #478, 224)

Didcot, England, CHRE ID: 1685, (Loriot & Bland, 2010, #497, 232)

Liberchies, France, CHRE ID: 5479, (Thirion, 1972, 109-216)

Pompeii (1959), Italy, CHRE ID: 5466, (Pozzi, 1959, 217-22)

Rome Via Po, Italy, CHRE ID: 5482, (Cesano, 1929, 83-119)

Shillington, England, CHRE ID: 188, (Loriot & Bland, 2010, #13, 112)

Trier, Germany, CHRE ID: 5501, (Gilles, 2013)

Utrecht, Netherlands, CHRE ID: 6263, (Thirion, 1972, 78-9)

Vidy, Switzerland, CHRE ID: 5475, (Martin, 1941, 201-14)

Villach, Austria, CHRE ID: 3037, (Görlich, 1957, 140-45)

Zemun, Serbia, CHRE ID: 2777, (Ljubić, 1876, 10-29)

Small Deposits – AD 201 to AD 311

Authieux II, France, CHRE ID: 3981, (Hollard, 1989, 86-112)

Bradley, England, CHRE ID: 1901, (Loriot & Bland, 2010, #133)

Chapelle-Launay, France, CHRE ID: 3748, (Aubin, 1984, #4, 82)

Dambel, Italy, CHRE ID: 4014, (Ciani, 1985, 140-1)

Eauze, France, CHRE ID: 5307, (Dieulafait & Schaad, 1992 131-201)

Eining I, Germany, CHRE ID: 3067, (Kellner & Gorecki, 1970, FMRD I/2

#2034, 98-102)

Kellmunz, Germany, CHRE ID: 4171, (Alföldi et al., 1962, FMRD I/7 #7157,

214-226)
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Kempten/Spinnerei, Germany, CHRE ID: 3082, (Alföldi et al., 1962, FMRD

I/7 #7188, 305-6)

Neuville sur ain, France, CHRE ID: 6295, (Poncet, 1889, 516-29)

Osijek II, Croatia, CHRE ID: 8069, (Celestin, 1897, 497-500)

Sault Brénaz, France, CHRE ID: 3886, (Charvet, 1863, 13-7)

Sully, Wales, CHRE ID: 2193, (Loriot & Bland, 2010, #700, 293)

Suluc, Romania, CHRE ID: 3918, (Iliescu, 1987, 181-205)

Teatro Regio, Italy, CHRE 10063, (Cocchi, 1992, 153-4)

Large Deposits – AD 201 to AD 311

Ajaccio, France (Corsica), CHRE ID: 3528, (Huvelin & Lafaurie, 1980, 96-104)

Lava, France (Corsica), CHRE ID: 7478, (Estiot, 2011, 131-52)

Paris Rue Clovis, France, CHRE ID: 2994, (Schmitt, 1980, 788-9)

Partinico, Sicily, CHRE ID: 6921, (Drost & Gautier, 2011, 166-76)

Small Deposits – AD 312 to AD 450

Aquileia II, Italy, CHRE ID: 4536, (Gorini, 1979, 139-43)

Arcos de la Frontera, Spain, CHRE ID: 4381, (Asins, 1991, 260-3)

Beilen, Netherlands, CHRE ID: 9855, (Van der Vin, 1988, 264-6)

Boscombe Down, England, CHRE ID: 2259, (Burnett, 1992a, 359-60)

Chécy, France, CHRE ID: 4519, (Gricourt et al., 1958, 277)

Deopham, England, CHRE ID: 1434, (Davies, 1997, 468-9)

Echt, Netherlands, CHRE ID: 4838, (Roymans & Heeren, 2015, 554)

Eidinghausen, Germany, CHRE ID: 4317, (Korzus, 1973, FMRD VI/6 #6097)

Ellerbek, Germany, CHRE ID: 4319, (Berger & Stoess, 1988, FMRD VII/1

#1051, 100-3)

Good Easter, England, CHRE ID: 588, (Bland, 1997a, 480)

Jerez de la Frontera, Spain, CHRE ID: 4524, (Bardan, 1984, 123-9)

Kapulukaya, Turkey, CHRE ID: 8170, (Arslan, 1996, 105-6)

Khirbet Abu Zu’eize, Israel, CHRE ID: 7629, (Guy & Lambert, 1926, 12-5)

Konz, Germany, CHRE ID: 4334, (Binsfield, 1975, 106-7)

Lengerich I, Germany, CHRE ID: 4257, (Berger & Stoess, 1988, FMRD VII/1

#1033-5)

Obbicht, Netherlands, CHRE ID: 4457, (Van der Vin, 1988, 269-70)

Rockbourne II, England, CHRE ID: 868, (Burnett, 1988, 228; 1992b, 358)

Suarlee, Belgium, CHRE ID: 4492, (Dasnoy, 1960/61, 125-6)
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Terling, England, CHRE ID: 613, (O’Neil, 1933, 14-24)

Usce I, Serbia, CHRE ID: 4194, (Kondić, 1967, 207)

Whitwell, England, CHRE ID: 1810, (Bland, 1997b, 471)

Wiesbaden, Germany, CHRE ID: 4506, (Gorecki, 1993, FMRD V/1,2 #1296,

468-473)

Large Deposits AD 312 to AD 450

Beaurains, France, CHRE ID: 2910, (Bastien & Metzger, 1977)

Beja, Portugal, CHRE ID: 4387, (Valladares & Ferreira, 1986-7, 112-3)

Bı́ňa, Slovakia, CHRE ID: 4539, (Kolnı́ková, 1967-8, 26-43)

Caesarea, Israel, CHRE ID: 4394, (Lampinen, 1999, 377-87)

Corbridge II, England, CHRE ID: 1610, (Grueber, 1913, 32-42)

Dortmund, Germany, CHRE ID: 4409, (Korzus, 1972, FMRD VI/5 #5020, 39-

54)

El Ashmunein, Egypt, CHRE ID: 4318, (El-Mohsen El-Khachab, 1956, 252-8)

Gamzigrad, Serbia, CHRE ID: 4417, (Jovanović & Lalović, 1993, 72-8)

Ljubljana IV, Slovenia, CHRE ID: 4258, (Schmid, 1913, 171-3)

Szikáncs, Hungary, CHRE ID: 4575, (Biróné Sey, 1976, 13-8)

Westerkappeln, Germany, CHRE ID: 4376, (Korzus, 1971, FMRD VI/4 #4074,

121-122)
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