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An extensive analytical study has been performed on a large number of gold coins (Norman-Swabian Augustale and Tar̀ı, Grosso
of Lucca, Florin of Florence) minted in Italy from the end of XII century to XIV century. The X-ray fluorescence (XRF) technique
was used for verifying the composition of the coins. XRF is a nondestructive technique particularly suited for in situ quantitative
analysis of gold andminor elements in the precious alloy.The Florins turned out to have a gold content very close to 24 carats (pure
gold) although in a couple of cases we observed relatively high concentrations of iron (around 2%) or lead (around 1%).The Grosso
of Lucca has a similar composition, with a measured gold content around 97% due to a higher silver percentage (about 2%), with
respect to the average Florin. The Augustali analyzed showed, on average, a gold content around 89%. The average gold content of
the Tar̀ı analysed is around 72%, with a relatively large variability. The analysis revealed the use of native gold for the coinage of the
Florins, excluding the possibility of recycling gold coming from other sources. On the other hand, the variability observed in the
compositions of the Tar̀ı and Augustali could suggest the reuse of Islamic and North African gold. The study could shed some light
on the sudden diffusion of gold coins in Italy around the first half of XIII century, allowing hypotheses on the provenience of the
gold used for a coinage that dominated the economic trades from then on.

1. Introduction

The analytical determination of ancient coins’ composition
is important for gathering information about the historical
situation and the commercial exchanges at the place and
time of their coinage [1–3]. However, it is also a particularly

challenging task that has to take into account the historical,
numismatic, and economic value of the object under study.

The analytical methods routinely used for the laboratory
analysis of metallic samples in most of the cases cannot be
used because of the intrinsic destructivity of most of those
techniques [4, 5]. In fact, even when the importance of the
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analysis would justify the sacrifice of some coin, the results
gathered on a very limited number of samples may suffer
from the lack of reproducibility associated with the poor
statistics.

In recent years, the introduction of cheap, portable
X-ray fluorescence (XRF) instrumentation seems to have
changed this scenario, providing a viable solution for the
nondestructive analysis of scarce or very precious coins but
also for the study of a large quantity of samples, eventually
hosted in museums or private deposits [6, 7]. Although
the intrinsic limitations and drawbacks associated with XRF
analysis in numismatics are often underestimated, it is a
matter of fact that, in a few years, the introduction of this
technique has allowed the gathering of precious information,
for instance, on more than 1000 Roman nummi belonging to
the Misurata Treasure that were analysed in situ, at the Leptis
MagnaMuseum (Al Khums, Libya), by Romano et al. [8] and,
similarly, on hundreds of Roman silver denarii analysed in
2012 by Pardini et al. [9].

The XRF analysis of precious metal coins is particularly
interesting because of the relatively less important surface
effects affecting the reliability of the results, with respect to
copper-based coins [10].

The present paper is devoted to the study of a large gold
coin horde (The Tesoretto of Loggia dei Banchi) casually
found in Pisa in 1925, during the excavations for the realiza-
tion of a hotel.

2. Material and Methods

The horde was composed of 229 gold coins accumulated
probably in the last decade of XIII century [11, 12]. About one-
half of the coins were coined between 1196 and 1266–1270,
while the rest was coined between 1252 and 1290, that is, in
between the first years of the kingdom of Frederick II and the
end of the ruling of Count Ugolino della Gherardesca.

The measurements on the coins of the Tesoretto dei
Banchi were performed at the Museum of S. Matteo in
Pisa, where the coins are presently conserved. Of the 229
coins forming the Tesoretto, 26 Florins, 15 Augustali, 1 half
Augustale, 36 Tar̀ı, and 1 Grosso of Lucca (see Figure 1) were
analyzed.

The instrument used was a portable ED-XRF system
produced by Amptek Inc. (USA). The measurements were
performed at 40 kV/15 𝜇A; the spectra were acquired for 60
seconds.

The quantitative analysis was performed using the
PyMCA open source software, realized by the Software
Group of the European Synchrotron Radiation Facility
(ESRF) [13]. PyMCA is a powerful tool for the processing
and the quantitative analysis of XRF spectra. The software
performs the analysis using the “fundamental parameters”
method, that is, a (in principle) standardless approach
which derives the elemental composition of the sample from
the basic spectroscopic parameters (fluorescence intensities,
absorption coefficients, emission energies, and so forth.) of
the elements under study.

The essential requirement for applying the method is the
knowledge of the spectrum of the X-ray tube emission and
the absolute intensity of the radiation on the sample, which is
needed for the normalization of the elements’ concentrations.
This latter parameter is difficult to determine experimentally;
therefore, the fundamental parameters method relies on the
use of at least one standard, with a known composition
similar to the unknown samples to be analyzed, for the
empirical determination of the X-ray intensity on the sample.

In our case, 13 different reference samples (6 modern
coins of known composition and 7 samples specifically
realized by the Institute for Energetics and Interphases of
CNR for a previous project, finalized to the development
of analytical techniques for nondestructive analysis of pre-
cious alloys) were used for improving the trueness of the
quantitative results. These samples covered a range of gold
concentration between 200/1000 and 999.9/1000 and were
used for calibration in the fundamental parameter method,
although in principle just one reference sample would have
been needed.

However, it has to be noted that the references materials
used were only certified for gold, silver, and copper concen-
trations.The coins here analyzed showed also the presence of
Fe, Pb, and Pd; the quantification of these elements was thus
less accurate with respect to Au, Cu, and Ag because of the
lack of proper (matrix matched) standards. The uncertainty
on the absolute determination of theminor elements resulted,
in turn, in a slight systematic overestimation on the gold
concentration for the coins where the presence of Fe, Pb, and
Pd was not negligible (Augustali and Tar̀ı).

In fact, for improving the trueness of the analytical results,
the gold content of the coins was determined by difference,
that is, 100% minus the concentrations of the other elements
(Cu, Ag, Fe, Pb, and Pd). The composition of each coin
was determined as the average of the two measurements
performed on the different sides.

3. Results

Figure 2 shows the comparison of the compositions of the
26 Florins of the Tesoretto dei Banchi here analyzed. Note in
Figures 2–4 the break in the 𝑦-axis and the different scales
before and after the break.

The Florins, as expected, have a gold content very close
to 24 carats (pure gold) although in a couple of cases we
observe Fe concentrations around 2% (sample 11) and Pb
concentrations around 1% (sample 13). However, on average,
the gold content of the Florins analyzed is around 99%, as
reported in Table 1

The Grosso of Lucca has a similar composition, with a
measured gold content around 97% due to a higher silver
percentage (about 2%), with respect to the average Florin.
However, since only one Grosso was found in the Tesoretto,
it is difficult to assess whether this difference is significant
or not. On the other hand, the nominal gold content of the
Grosso is reported in the mint documents of the times to
be 23.75 carats, to be compared to the nearly 24 carats of
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Figure 1: The coins analyzed in this work. (a) Florin; (b) Augustale; (c) Tar̀ı; (d) Half Augustale; (e) Grosso of Lucca.

Table 1: Average concentrations and mean variations of the Florins
analysed.

Element Concentration (𝑤%)
Fe 0.5 ± 0.3
Cu 0.06 ± 0.04
Ag 0.15 ± 0.09
Pb 0.31 ± 0.09
Au 98.9 ± 0.04

the Florin [14]. The results of the XRF analysis confirm this
difference.

The Augustali analyzed showed, on average, a gold con-
tent around 89%, as shown in Figure 3 and in Table 2.

The composition of the half Augustale is very similar to
the one of the Augustali analysed (gold content around 89%)
with a similar percentage of copper (1.5%) and silver (8.4%).

Table 2: Average concentrations and mean variations of the
Augustali analysed.

Element Concentration (𝑤%)
Fe 0.5 ± 0.1
Cu 1.3 ± 0.4
Pd 0.18 ± 0.05
Ag 10 ± 1
Pb 0.3
Au 89 ± 1

The composition of the Tar̀ı, on the other hand, is more
variable, as can be observed in Figure 4.

The average gold content of the Tar̀ı analysed is around
72%, ranging from a minimum of 66% of sample 1 (Tar̀ı of
Conrad II and Manfred) to a maximum of 80% for samples
13 and 23 (Tar̀ı of Frederick II). Sample 7 (Tar̀ı of Henry
VI) also shows a relatively high concentration of iron (2%)
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Figure 2: Composition of the 26 Florins from the Tesoretto dei
Banchi.
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Figure 3: Composition of the 15 Augustali from the Tesoretto dei
Banchi.

with respect to the others.The high variability in composition
observed in the Tar̀ı confirms the results of Travaini [15].
The average composition of the Tar̀ı analysed is reported in
Table 3.

4. Discussion

The historical interest of the Tesoretto is stimulated by the
fact that Pisa would not mint gold coins until the beginning
of XIV century; this is generally interpreted as a sign of the
decadence of the city after the defeat in the Battle of Meloria
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Figure 4: Composition of the 36 Tar̀ı from the Tesoretto dei Banchi.

Table 3: Average concentrations and mean variations of the Tar̀ı
analysed.

Element Concentration (𝑤%)
Fe 0.5 ± 0.3
Cu 5 ± 3
Pd 0.48 ± 0.08
Ag 22 ± 3
Pb 0.28 ± 0.07
Au 72 ± 3

against Genoa (1284), although it is also possible that the gold
coins of the Empire, mainly Tar̀ı and Augustali, were used
in Pisa instead of its own coinage. The abundance of these
coins in the Tesoretto, in any case, indicates the existence
of important political and commercial relationships between
Pisa and the kingdom of Frederick II in southern Italy. Also
noteworthy is the presence of an extremely rare coin, the
Grosso (Groat) of Lucca, whose date of first coinage is still
debated (1246, six years before the introduction of Florins and
Genovini, according to Lenzi [14], or 1256, four years after,
according to Blomquist [16]).

The reintroduction of gold coinage in the western
Europe, in fact, represents a kind of mystery per se. In
central and western Europe, the coinage remained essentially
monometallic (based on silver) for about five centuries,
after the monetary reformation of Charles the Great in 798
introducing the new silver denarius that will become the
standard currency in western and central Europe.

In the years between 1250 and 1256, three important
mints in central/northern Italy (Florence, Lucca, and Gen-
ova) started to produce gold coins after about 450 years of
substantially monometallic coinage based on silver.

On the other hand, the use of gold coins practically
never stopped in southern Italy and the Islamic Sicily. The
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influence of this long-standing technological experience on
cities such as Genoa and Florence, which introduced their
golden Genovini and Florins almost simultaneously in 1252,
has been recently discussed by Travaini [17]. As a matter of
fact, the introduction ofGenovini and Florins was anticipated
by the minting of the Augustale by Frederick II, in the
Norman-Swabian kingdomof southern Italy around 1231.The
Augustale was the first gold coin in southern Italy produced
with typologies and standard different from the Islamic gold
coinage of the times.

However, the origin of the gold used by the Genoa and
Florence mints is yet unclear. It has been suggested that
the increase of the commercial exchanges with the East
would have provided a steady flux of gold, producing in
turn a devaluation with respect to silver and favouring the
reintroduction of a stable gold coinage in the commercial
cities of the time [18]. The sack of Constantinople of 1204,
during the fourth crusade, also brought to the West large
quantities of gold, contributing to the decrease of the value
of this metal. In fact, also Venice, after Genoa and Florence,
would later on mint a gold coin, the Ducato, identical in
weight and gold title to the Genovini and Florins, in 1284.
Florins and Ducati would define the gold standard in Europe
up to theXIII century and in Italy up to the end ofXV century.

The compositional analysis of the number of gold coins
belonging to that period was thus intended as a way of
comparing the standards of the new gold coins issued in
central Italy (Florence and Lucca) with the gold coins already
circulating for at least 20 years in southern Italy. Our analysis,
the first performed on statistically significant early Florins,
in situ and with completely nondestructive methods, allowed
to determine that the Florin was issued since its very first
introduction with a high purity standard, unprecedented in
the Norman-Swabian coinage. This finding supports the use
of native gold for the coinage of the Florins, excluding the
possibility of recycling of gold coming from other sources.
This is important because it implies both the existence of a
stable supply of precious metal supporting the new coinage
and the precise intent of Florence to issue a coin that would
soon dominate themarket because of its high purity standard.
On the other hand, the high variability observed in the com-
positions of the Tar̀ı and, to a lesser extent, in the Augustali,
could suggest the reuse of Islamic and North African gold,
as also proposed by Gondonneau and Guerra [19], on the
basis of complex laboratory instrumentation (12MeV proton
activation analysis) [20] and, for some specimens, destructive
analysis such as LA-ICP-MS [21].

5. Conclusion

The possibility of testing, in situ and nondestructively, a large
quantity of samples for both the major elements and for
the minority elements in the precious alloy supports the use
of native gold for the coinage of the Florins, excluding the
possibility of recycling of gold coming fromother sources. On
the other hand, the variability observed in the compositions
of the Tar̀ı and Augustali could suggest the reuse of Islamic
and North African gold. These findings would possibly help

the scholars in formulating hypotheses on the provenience
of the raw material used for such extensive coinage, which
would dominate the commercial exchanges and the European
economy for more than two and a half centuries.
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