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Abstract

Two methods of analysis are described in this article: X-ray uorescence analysis of the uncleaned
surfacesof copper coins and electron microprob e analysis of small fragments obtained by drilling into
the edgesof the coins.

These two X-ray analytical methods are inaccurate when used in this way becausethe surface of
a coin is chemically altered by corrosion and the interior is generally not chemically homogeneous.
On the other hand, they damage the coin very little. X-rays discolour some minerals, though this
phenomenon is rarely, if ever, observed on coins. The damage done by drilling depends entirely on
the skill of the analyst, becausethe electron microprobe can analyse a fragment one hundredth of a
millimetre across.

These advantages of minimal damage are useful in exploratory work where the expected return in
information would not justify the destruction or multilation of large numbers of coins for the sake of a
more accurage analysis. In this report 83 coins were analysed for tin, zinc, iron, cobalt, nickel, silver,
lead, antimony, arsenic and cobalt.

A numismatic analysis of the results by Philip Grierson failed to show systematic chemical di er-
encesattributable to the source of the metal but produced one interesting monetary insight: the four
pentanummia of Constantinople and Nicomedia are bronze, in contrast to the higher denominations
from the same mints which are copper.

This is a digital version of the article rst published as: Tim Pad eld, 'Analysis of Byzantine
copper coins by X-ray methads' in '‘Methods of chemical and metallurgical investigations of ancient
coinage' Edited by E.T.Hal | and D.M.Metc alf, Royal Numismatic Scciety, special publication no 8,
1972
Each page is reproduced as a picture.



ANALYSIS OF BYZANTINE COPPER
COINS BY X-RAY METHODS

BY

TIM PADFIELD

with a Numismatic Commentary by
PHILIP GRIERSON

REPRINTED FROM
METHODS OF CHEMICAL AND METALLURGICAL
INVESTIGATION OF ANCIENT COINAGE
Edited by E. T. HALL and D. M. METCALF
ROYAL NUMISMATIC SOCIETY

SpecialL PuBLicaTioN No. 8

1972



Analysis of Byzantine Copper Coins by
X-ray Methods

TIM PADFIELD

T wo methods of analysis are described in this article: X-ray fluorescence analysis of the
uncleaned surfaces of copper coins and electron microprobe analysis of small fragments
obtained by drilling into the edges of the coins.

These two X-ray analytical methods are inaccurate when used in this way because the
surface of a coin is chemically altered by corrosion and the interior is generally not
chemically homogeneous. On the other hand, they damage the coin very little. X-rays
discolour some minerals, though this phenomenon is rarely, if ever, observed on coins.
The damage done by drilling depends entirely on the skill of the analyst because the
electron microprobe can analyse a fragment one hundredth of a millimetre across.

These advantages of minimal damage are useful in exploratory work where the expected
return in information would not justify the destruction or mutilation of large numbers
of coins for the sake of a more accurate analysis.

THE BYZANTINE COPPER-BASED COINAGE

Grierson, using qualitative spark spectroscopy, detected certain patterns in the abun-
dances of minor elements in the copper coins from various Byzantine mints. These
regularities were confirmed but modified by Butler and Metcalf using semi-quantitative
X-ray fluorescence. The work reported here is an attempt to determine quantitatively the
sharpness of these regional patterns and to extend the analysis to other elements.

'The results are tabulated in Fig. 1. They confirm the existence of regional patterns and
even of patterns characteristic of a single mint or a single denomination. Indeed some of
the regularities are so well defined that a more sensitive and accurate method of analysis
might sharpen the pattern and bring out subtler details.

FiG. 1. (Overleaf.) The analytical results, From the left: list of mints, Emperors; Anastasius I, Justin I,
Justinian I, Justin II, Tiberius II, Heraclius, Nicephorus I, Michael II, Leo VI, Constantine VII, Anon
Class A, Maurice, Phocas, Constans II, Constantine IV, Ostrogothic, Theophilus. The coin number is
followed by the denomination in nummi: 4 = 40, 2 = 20, I = 10, & = 5. The length of each horizontal
bar represents the abundance of the element. Dotted bars indicate missing analyses (some coins do not fit
inside the X-ray spectrometer). Long bars with pointed ends would exceed the available space if inserted
at their proper length. Short pointed bars represent some concentration below the detection limit. Missing
bars denote the same but the detection limit is too small to be represented at this scale.
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THE PHYSICAL PRINCIPLES OF X-RAY ANALYSIS

Every element emits a spectrum of X-rays when irradiated by X-rays or by electrons
of sufficient energy. The spectrum of each element contains a unique assortment of
X-rays of various but definite wavelengths. It is only necessary to separate the radiation
from a complex mixture, such as a coinage alloy, into its component wavelengths to
detect which elements are present. To find out how much of an element is present the
intensity of one characteristic X-ray is compared with the intensity from a standard of
known composition.

y
YA

1 Primary beam

2 Characteristic X-rays

A X-ray fluorescence of coin
1 2 B X-ray fluorescence of thin film
c

Electron probe excitation of coin,

fragment

Fic. 2. Essential features of the three analytical methods mentioned in this article.

The geometrical arrangement of incident radiation, specimen and characteristic radia-
tion is shown in Fig. 2. The separation of the characteristic X-rays according to wave-
length is accomplished by diffracting them from a crystal surface towards a detector,
which converts X-ray photons into electrical pulses which can be counted electronically.

There are two essential differences between X-ray fluorescence and microprobe
analysis. Electrons, unlike X-rays, can be focused to irradiate a very small spot on the
polished surface of a small fragment of metal. On the other hand, X-ray excitation of
characteristic X-rays gives about ten times better sensitivity than electron excitation.

The details of analytical procedure are summarized in a later section but one important
property of X-rays, their absorption by matter, will be described at this point.
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X-RAY ABSORPTION

X-rays obey Beer’s law: I = I ,e#x where I, is the X-ray intensity entering an
absorbing medium of thickness x and density p. 7 is the emergent intensity, and p is
the mass absorption coeflicient, which is a quantity determined only by the X-ray wave-
length and by the elemental composition of the absorbing medium. An exact calculation
of the depth of origin of those X-rays which reach the surface of a coin is impossible
but the depth within which half the measured X-ray intensity is generated can be
estimated approximately after making the assumption that the average composition of
the matrix is that of Cuprite (Cu,0), a common component of copper patina. Some of
the X-rays will also pass through unoxidized copper and lead but, on the other hand,
they may also pass through less absorbent minerals in the patina.

X-ray spectrometers operate on the characteristic X-rays emerging at an angle of about
30° to the specimen surface. The primary beam strikes the specimen at about 60°. In
these conditions half the characteristic X-rays emerging through the coin surface will be
generated within a depth given by the expression 2500/up microns (one micron is one
thousandth of a millimetre). This value is given for each analysed element in Table II.
These ‘half-depths’ vary from 2 to 30 microns. Most patinas on ancient copper coins are
much thicker than this in the depressed parts of the coin surface.

CHEMICAL COMPOSITION OF THE CORROSION LAYER

The thickness of the corrosion layer is very variable and its boundary is indefinable.
Two of the coins have been sectioned by taking out with a fretsaw small discs from the
more depressed and therefore more thickly patinated parts. The two coins were selected
because they contained comparatively large quantities of all the analysed elements and
showed different patterns of surface alteration.

These coin sections were examined with the electron microprobe. The results are
presented in Figs. 3 and 4. These photographs are obtained by sweeping the electron
beam across the specimen in a raster pattern. A synchronous electron beam scans the
face of a cathode ray tube, which is photographed. The brightness of any point on the
electron image is roughly proportional to the average atomic weight of the substance
under the beam. In the X-ray images the density of the dark spots is proportional to the
abundance of the element at that point on the specimen surface. It is clear from these
photographs and from X-ray fluorescence analyses that the elements which are abundant
in soils—iron, manganese, silicon, and aluminium—contaminate the corrosion layer.
X-ray fluorescence analysis is, for these elements, quite uninformative. Other elements
of the coin alloy, such as zinc and tin, are preferentially removed by corrosion and the
analyses are inaccurate, but not unusable.

ELECTRON MICROPROBE ANALYSIS

Electron microprobe analysis of coin fragments is complicated by the inhomogeneity
of the coin alloy. A molten metal mixture will cool to form a solid which may be inhomo-
geneous on any scale. The way in which the elements distribute themselves depends on
the history of cooling and annealing and on the way in which the metal ingot is divided
into individual coin blanks.



b

FiG. 3. Surface alteration of coin no. 53 (Carthage). The electron
images are in the centre. The black bar denotes 1o microns in every
photograph. Above and below, right, are composite X-ray images
showing surface contamination by several elements, Top left: zinc
X-ray intensity falls as the electron beam is moved horizontally across
the specimen towards the surface, in two places. Bottom left: similar
scans showing silver enrichment at the surface. The course of the beam
across the specimen is indicated by the white bars on the electron
image. The lowest trace is the background signal.







































