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Granulation has been used since ancient times to produce metal grains,

usually of gold and its alloys, which have served in the fabrication of
jewellery. The historical development of granulation and its technical

characteristics are reviewed here, in advance of the publication by the

author of a detailed book on these subjects.

Rarely has a single technique been the subject of
such protracted, contradictory and sterile argument as
the ancient craft of granulation. The (utility of this
discussion suggests that it was based on false
premises. It is worthwhile, therefore, to examine the
circumstances under which it arose.

Modern interest in granulation, dating from the
period of Classicism, began in France in the late 18th
century, spreading to Italy (Figures 1 and 2), the
Netherlands, Germany and Russia (Figure 3). This
interest continued through the 19th century, aided by
the publicity surrounding finds of Greek and
Etruscan jewellery, and reached a peak against the
background of the revival of traditional arts and crafts
in England and Germany between 1913 and 1936.

When `modern' interest in this historical technique
was first awakened during the period 1778 to 1850,
goldsmiths and the emerging jewellery industry tried
to imitate granulation work by casting and stamping
processes (1). Moreover when more formal investiga-
tions into the ancient technique began after 1850,
these were also conducted almost exclusively by
goldsmiths (2). As was typical of the time, this
research was characterized by an excessive interest in
aesthetic aspects, by a one-sided emphasis on Greek
and Etruscan work and by inadequate research into
original literature sources. These attitudes, together
with a tendency to overestimate the validity of prac-
tical experiments, led to acceptance of the following
views concerning the process:
(1) Ancient granulation was an independent techni-

que, unrelated to other jewellery techniques
(2) It was based on only one joining process
(3) Knowledge of the process had been lost
(4) No written record of granulation had survived
(5) The details of the ancient technique could be

established by experimentation alone.
These concepts were subsequently taken over by

art historians (3) and have dictated discussion to this

day (4). It will be shown in what follows that they do
not bear close scrutiny.

The Term `Granulation'
Present day history of art defines granulation as a

technique of decoration whereby the goldsmith
arranges small grains of metal, or granules, in an
ornamental or figurative pattern on a metal surface.
The granules are held in place by joining them to the
substrate. This simple, apparently self-evident defini-
tion from the Jatter half of the l9th century is
misleading from two points of view.

First, granulation may be regarded as an indepen-
dent branch of the goldsmith's art only on the basis of
the aesthetic result. From a strictly technical point of
view, however, it does not differ significantly from
other methods of decoration of metal surfaces, such as
filigree work, which also use joining processes (5). It
is therefore understandable that ancient authors,
basing their thinking on purely technical categoriza-
tien, did not describe, or even see, granulation as an
independent technique.

Secondly, it is unfortunate to describe the techni-
que by a term which up to the beginring of the 19th
century had an entirely different meaning. Thus,
`granulation' and `to granulate' (from the Latin
granum = grain) originally signified `the production
of grains of metal'. These were of value because they
could be easily dispensed. Both terms, used in the
original sense only, may be found in literary sources
dating back to the 15th century (6). The modern
usage of `granulation' to describe the technique of
decoration itself (7) has made the search for references
to this technique in ancient sources a difficult task.

If, however, the ancient literature is analyzed
without false expectations arising from the above and
purely for its technical contents, it is soon found that
descriptions of all the separate operations involved in
granulation are embodied in a number of writings. It
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is therefore possible to reconstruct the ancient techni-
que from a study of these sources.

Technical Characteristics of Granulation
In order to gain a full appreciation of the

significante of literary sources as a means of throwing
light on the ancient granulation technique it is
necessary to examine the technical characteristics of
antique granulation werk.

Materials
Gold alloys are the most common materials of an-

cient granulation work, and the oldest examples are
these found at Ur, dating from 2560 to 2500 B.C. (8).

Much of the early gold granulation werk consists of
silver-rich granules on copper-rich substrates. This is
the case in finds from Alalach, in Syria (1750 to 1600
B.C.) (9) and these from the tomb of Tutankhamen
(1352 B.C.) (10). However, in Etruscan work of the
7th century B.C. (Figures 4 and 5), analyses revealed
that both the granules and the substrate are silver-rich
with compositions in the ranges 65 to 67 gold/30
silver/3 to 5 copper (11) or 60 to 65 gold/30 silver/5 to
8 copper/2 others weight per cent (12).

Granulation in gold on a gilded silver substrate is
reported for a 7th century fibula from Marsigliana
(13), and on copper for a Trojan decorative pin dating
from between 2350 and 2100 B.C. (14).

Granulation in silver alloys never achieved the
delicacy of that in gold alloys and there are no reports
of differing compositions for the granules and their
substrates. The oldest known examples were found at
Tell Brak, in Syria (2370 to 2200 B.C.) (15). Silver
granulation artefacts of Greek (16), and tentral and
northern European origins (17, 18, 19) are described
in the literature and have been dated to periods ex-
tending from the 6th or 7th century B.C. to the 12th
century A.D. More recently, silver granulation
became common in the folk-jewellery of Germany
from the 16th century onwards (20), of Bulgaria in
the 18th century (21) and of Mongolia in the 19th
century (22).

Gilded silver granulation is known from Urartu
(23), in eastern Turkey, and silver granulation on
silver-coated bronze substrates was used for the
decoration of weapons of the 2nd century B.C. (24)
and jewellery of the llth century (25), which veere
found in Sweden.

Antient granulation work in copper is very rare,
one of the few examples known being a Spanish
bridle decoration of the 15th century (26). Granula-
tien in brass is of modern origin (27).

Granule Size
The grain diameter of the earliest granulations,

these of the Royal Tombs of Ur (2560 to 2400 B.C.),

is 2 mm (28), whereas that in work from Troy IIg
(2350 to 2100 B.C.) ranges between 0.4 and 1.1 mm
(29). The size of granules of the classical Greek period
(510 to 330 B.C.) (30), and of the first two phases of
the Etruscan culture (700 to 475 B.C.) (31), is of the
order of 0.25 mm. The smallest granules, 0.14 mm in
diameter (32), are to be found in Etruscan dust
granulation (Figures 4 and 5) and the coarsest,
measuring several millimetres in diameter, in
Awarian werk of the 9th century in Hungary (33).
The fitting of granules of different sizes to the same
item of jewellery was practised by several cultures, in-
cluding the Etruscan (Figure 5).

Number of Granoles
The number of granules used on a simple item can

be of the order of thousands. Thus, a Greek necklace
from Kameiros (7th century B.C.) bears 2 600
granules (34); a pendant from Enkomi, in Cyprus,
(14th century B.C.) has 4 200 granules (35); and each
of a pair of Etruscan bracelets from Tarquinia (7th
century B.C.) is decorated with 20 000 granules (36).
The largest known number of grains on a single item
(137 000) is that on an Etruscan gold cup originating
from Praeneste, and which has been dated to the 7th
century B.C. (37).

Types of Granulation
The granules may be arranged in a variety of ways

which goldsmiths use in different combinations de-
pending upon the shape of the substrate (38).

Separate or point granulation, in which there is no
bonding of one grain to another, is used mainly for
the decoration of wires, though it is to be observed in
round gallery arrangements on articles of the 7th een-
tury from Greece. It is found applied, for example, to
Egyptian wire spirals dating back to 1910 B.C., to
plain, corded and beaded wire eyes of the 2nd to the
11th centuries from various parts of Europe, and to
wires in ether types of designs from the same source
and over the same period.

Lineargranulation, in which the grains are arranged
in lines, is very rarely applied directly to smooth sur-
faces. Usually the grains are set in grooves or flutes
stamped or chased in the surface of the substrate. A
rare exception to this is to be seen in Figure 4. The
earliest examples of linear granulation originate from
Troy and date back to 2350 B.C. Linear ar-
rangements are also found in settings between wires
of different types and upon double round wire.
Examples of these (Figures 6 and 7) originate from
various sources in the Middle East and Europe over a
period extending between 2350 B.C. (Troy) and the
14th century (Russia). Free-standing linear arrange-
ments in which the granules are attached to ene
another but not to a supporting surface are of four
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Fig. 1 Gold pendant with point granulation and
rosette-shaped massed granulation. The centre
section is of glass mosaic. The height, including
the Link, is about 61 mm. Rome, around 1875.
Schmuckmuseum, Pforzheim, inventory
number KV 40

Photograph by Ginter Meyer, Pforzheim

kinds: between round wires (China, 7th to 8th cen-
turies); in annular form (Ur, 2560 B.C.); as unar-
ticulated chains (Byzantium, 6th century) and as
three- or four-row strips obtained by cutting up plates
of granules, previously joined by soldering (Rome,
2nd to 3rd cénturies B.C.).

Massed or field granulation, in which the grains are
packed together in sheets and joined to the substrate,
are found both without (Figure 8) and with surrounds
which may be provided by embossed decorations
(Figure 9)or by round, beaded or corded wires. Free-
standing granulations in which there is no attachment
of the granules to a substrate surface are known in the
form of triangles from Ur, rhomboid shapes from
Egypt, and as rosettes and five-pointed stars with wire
borders, also from Egypt (Figure 7). Even the sur-
faces of wires may feature decoration by massed
granulation.

Cluster or grape-like granulation, in which three-
dimensional structures are built up by bonding
together of granules, is known in many forms. The
granules may be bonded to a backing substrate sheet,

Fig. 2 Gold Barring with point, Iinear and rhombic massed
granulation. This reproduction of a Greek Barring kept in
Leningrad was made hy Giacinto Melillo in Naples around
1888. The height of the piece is 55 mm. Sclunucknmseum,
Pforzheim, inventory number KV 269

Photograph by Gunter Meyer, Pforzheim
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Fig. 3 Gold bracelet with linear
granulation, enamel and
preeious stones. This piece is
probably of Russian origin
lmid-19th century) and was
allegedly the property of Alex-
andre, the wife of the last Czar.
The overall length is 190 min
and the width 75 mm.
Schmuckmuseum, Pforzheim,
inventory number 1967/20

Photograph by Ginter Meyer, Pforzheim 

as in Danish work of 300 A.D., bonded to the outer
edge of jewellery items as in Ostrogothic work of 400
A.D. (Figure 6), designed as stiff pendants as in
examples from Iran and Germany, fitted to corded
wire rings as in certain Russian items (1568 A.D.), or
attached as tops or crowns on small cylinders as found
in German work of 962 A.D.

Remnants of Joining
All surviving historical granulation work may, by

visual inspection, be allocated to one or other of two
groups (39),

Granulations with clearly recognizable traces of
solder alloys originate from Egypt of the Middle
Kingdom era (1910 B.C.) (Figure 7), from Iran since
the end of the Parthian period (lst to 2nd centuries
A.D.), from pre-historic northern and central Europe

(6th century B.C. to 4th century A.D.), from Imperial
Rome (2nd to 3rd centuries A.D.), from Byzantium
(3rd to 1 lth centuries A.D.), from northern Europe of
the Migration Period (4th to 7th centuries A.D.) as
well as from central and southern Europe from
medieval times onwards.

The granulation work of virtually all other cul-
tures, on the other hand, shows no remnant of solder
alloys whatever. This holds true particularly for
Mesopotamia since the period of the earliest dynasties
(2500 B.C.) (Figure 10), for Syria from 2370 B.C.
onwards, for Troy IIg (2350 to 2100 B.C.),
Transcaucasia from 2128 B.C., Egypt since the Mid-
dle Kingdom (1800 B.C.), Crete subsequent to the
Middle Minoan Stage IB (1800 B.C.), Palestine since
the middle of the Bronze Age (1625 B.C.), Iran after
the 16th century B.C., Greece since early Mycenaean

Fig. 4 Etruscan gold fibula with dust granulation in silhouette style. This piece was found at Vetulonia and dates
from the mid-7th century B.C. The length of the detail shown here is 50 mm

Photograph by Museo Archeologico Nazionale, Florence
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Fig. 5 Etruscan gold disc Barring with
dust and linear granulation, from
Piombino, Populonia (6th century
B.C.). The piece is 45 mm in diameter.
Schmuckmuseum, Pforzheim, inven-
tory number 1969/116

Photograph by GGnter Meyer, Pforzheim
iL 

YnA

Fig. 6 Ostrogothic gold work (Barring?)
with linear, field and cluster granula-
tion, precious stones and glass, from
Varna, in Bulgaria (around 400 A.D.)
The height is 73 mm and the width 52
mm. Rtimisch-Germanisches-Museum,
Cologne, inventory number D 291a

Photography by Rheinischcs Bildarchiv, Cologne
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Fig. 7 Details of Princess Chenienet's necklace avith linear
and rnassed granulatiou, found at Dahehour, in Egypt
(around 1910 B.C.). The stars are 25 tuin across

Photograph by the Cairo Museum

times (1600 B.C.), Cyprus after 1550 B.C. and for
Etruscan work since the First Phase (700 B.C.)
(Figures 4 and 5).

It can be said that none of the numerous attempts at
experimental reconstruction of the historical granula-
tion technique (40) has taken adequate account of the
above important considerations.

The Technique of Granulation
After preparation of the substrate, the process of

granulation comprises three obvious steps: the pro-
duction of granules, adhesive fastening of these to the
substrate — gravity positioning being unsuitable on
most shapes other than flat — and joining the
granules to the substrate.

Many accounts of all these processes are found in
the historical literature and some of these are examin-
ed below, viewed against the technical features of an-
cient granulation work.

Production of Granules
The fact that small metallic particles tend to assume

a spherical shape on melting is familiar to all those in-
volved in metalworking. It was therefore not the for-
mation of grains of spherical shape which posed a
problem in antiquity, but rather the satisfactory and
economic production of such grains in large numbers.
Most historical accounts have, therefore, been written
against this background.

Various methods (41) of manufacturing granules for
the convenient dispensing of metals and alloys have
been described by Pliny in 79 A.D. (42), V. Biringuc-
cio in 1540 (43), G. Agricola in 1556 (44), B. Cellini
in 1568 (45), M. Fachs in 1595 (46) and A. Libavius
in 1597/1606 (47). However, only those of the above
which are based on the melting of small metal par-
ticles yield perfectly spherical grains. Of the latter
processes, that described by Biringuccio, in which

Fig. 8 Gold ear pendant, witti field and cluster granulation
in pyrantidal shapes, of Caucasian origin (4th to 7th cen-
turies A.D.). The length is 110 mm. Schniuckmuseuut,
Pforzheiin, inventory nuntber 1957/4

Photography by Ganter Meyer, Pforzheim
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flattened wire cuttings are stacked alternately with
layers of charcoal in a crucible and heated above the
alloy melting range, would appear to yield the most
uniformly sized spherical grains.

Prior to the invention of the draw-plate in the early
Middle Ages (7th century A.D.) (48) fine wire was
manufactured by rolling strips of sheet metal (49) and
it seems likely that in view of the extra cost and labour
of the rolling stage, granules produced before the 7th
century A.D. would have been manufactured by
melting pieces of cut-up metal sheet of strip. The in-
vention of the file in the 7th century B.C. (50) would
have made possible the production of extremely fine
particles and indeed it is from this period that the
Etruscan dust granulations (Figures 4 and 5) were
produced. The coarse grain structure expected in
granules manufactured by the melting of small metal
particles may be clearly seen on a microsection of a
fragment of an Etruscan fibula dating from the 7th
century B.C. (51).

Positioning of the Granules

The attachment by means of organic adhesives of
small metal parts onto receptors was described by
Theophilus in 1122/1123 (52) and by Cellini in 1568
(53), the former dealing with the fastening of beaded
wire ornaments by flour paste. Since no other
adhesive for this purpose is mentioned by him it must
be assumed that flour paste was also used in granula-
tion work at the time. Cellini describes the sticking of
granules onto wire substrates by means of tragacanth
(gum).

Apart from flour paste and tragacanth, four further
adhesives for the positioning of metal parts onto
substrates are described in the ancient literature. Glue
made from cattle hides and termed 'ox-glue' is men-
tioned in a 6th or 7th century Syrian adaption of
Zosimos (54) as a component of an adhesive solder,
and soap, a product first developed by the Gauls (55),
is cited as part of a similar mixture in the `Composi-
tiones' of the 8th century (56) and by Theophilus (57).
Quince paste (glue) and gum arabic, the latter already
known to the Egyptians (58), receive mention by
Biringuccio in 1540 (59). Fish glue, already known in
pre-classical times (60) is described by Theophilus
(61), but not termed an adhesive. Since, however, it is
among the oldest glues known to man, its use in
granulation work of ancient and classical times may
be assumed.

The Joining Process

The attitudes which prevailed at the beginning of
the historical investigation into granulation, and par-
ticularly the great attention given to Etruscan and
Greek examples of the craft (which indeed display no
sign of solder alloys), led to the erroneous idea that

genuine granulation is produced without the use of
solders. Accordingly, granulation work with
recognizable remnants of solder is to this day inap-
propriately referred to as 'pseudo-granulation'.

This extrapolation of the characteristics of the pro-
ducts of a single epoch to the entire history of the
craft ignores the fact that numerous cultures
throughout the four-and-a-half thousand year history
of granulation worked exclusively with metallic
solders. The examples cited earlier in this article, in
fact show this to have been the case for more than half
of this period.

While the numerous examples of granulation show-
ing clearly recognizable remnants of solder were
obviously produced using solder alloys and fluxes
known in ancient times (and there is no evidence that
these were in any way different from those used for
other goldwork), granulation without trace of solder
must have been produced using another process. The
numerous attempts to identify this process have caus-
ed much confusion. However, careful study of the
literature reveals that a joining process which uses
adhesive non-metallic solders and which would pro-
duce the technical characteristics of solderless
granulation bonding, was known continuously
throughout two millenia.

Among modern techniques used in attempts to
reproduce the ancient joining process in granulation
(62) are welding by the `melting interval' (63) and
`alloy' (64) methods. However, the high degree of
temperature control required by these methods is in-
compatible with the crude limitations of the charcoal
Eire. Furthermore, in the case of the `alloy' method,
common melting point depressants such as
phosphorus, silicon or bismuth were unknown in an-
cient times (65). Other reasons to conclude that
neither welding technique is likely to have been used
for historical granulation are that they are not men-
tioned in the source literature and that they are not
applicable to the impure alloys used in antiquity.
Moreover, the `melting interval' and `alloy' methods
are not suitable for bonding granules to wire or
intricately shaped substrates because of the
non-uniformity of temperature distribution when
receptors of these types are heated.

Sintering has also been used in attempts to
reconstruct ancient granulation bonding, exploiting
the increased energy density on the surface of small
spherical bodies, together with the high self-diffusion
of gold. However, the process is basically applicable
to high carat gold alloy formulations for which there
is no evidence of use in antiquity (66), and would ap-
pear to be incompatible with the historical gold alloys
of high silver or copper content. A further factor
mitigating against its use in ancient granulation
would have been the difficulty of achieving even
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Fig. 9 Detail of a Greek gold hottle-stand with irregular field granulation of the reserved silhouetje style (around 500 B.C.).
The diameter of the piece is 150 min	 Photograph by Musée du Louvre, Paris

heating with fully deformed, hollow or wire
substrates, granules and substrates of different com-
positions, or when bonding wires and granules to the
same piece.

The very antient technique of joining with non-
metallic (colloid) solders (67) relies upon the reaction
of copper compounds, applied to the areas to be join-
ed in admixture with organic adhesives (which also
act as reducing agents), to form copper(II) oxide CuO,
the reaction taking place at 100°C. Carbonization of
the adhesive (600°C) causes reduction of the oxide to
metallic copper (850°C), which in turn forms a eutectic
with silver and a near-eutectic with gold alloys of high
silver content. The same reaction with gold alloys of
high copper content occurs at about 900°C. Bonding is
thus achieved by surface alloying.

Fig. 10 Detail of a gold necklace from Dilhat, in
Alesopotamia 17th century B.C.). The pendant, 25 trim in
diameter, is decorated with linear and rosette-shaped
granulation

Photograph by The Metropolitan Museum of Art, Ncw York
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Prolonged and repeated heating leads to increased
diffusion depths and ultimately to uniform distribu-
tion of the copper in the gold, leaving no surface
residue. Modern analytical confirmation of joining by
means of non-metallic solders would therefore have
been possible only on ancient samples for which the
heating times had been short.

The use of ten copper compounds as non-metallic
solders has been traced in the literature. The oldest of
these is malachite, from the Egyptian mafek', a
mineral form of the basic copper carbonate
CuCO3 .Cu(OH)2 . Malachite, or its Greek derivative
`chrysokolla' (literally `gold glue' or `gold solder'), is
referred to frequently from ancient times through to
the 16th century (68 to 89). Its first mention as a
solder is by Theophrastus in 300 B.C. (73). The term
chrysokolla changed its meaning in time and Agricola
in the 16th century makes a clear distinction between
the `chrysokolla of the Ancients' and the `chrysokolla
which is called borax' (89). In the 19th century, Von
Beudant first used the term to signify hydrated cop-
per silicate (90).

Another basic copper carbonate of mineral origin,
azurite 2CuCO 3 .Cu(OH)2, has also been frequently
described as a non-metallic solder in historical
literature originating with Theophrastus (91).

Burnt copper, black copper(II) oxide CuO con-
taminated with red copper(I) oxide Cu20, is produced
by the heating of copper sheet in air, and the first
reference to its use in a solder is found in the `Com-
positiones' (95). It is mentioned in the literature as far
back as the 17th century B.C. (92, 93, 94).

Two other copper oxide mixtures probably used in
solder compositions, though this is not specifically
mentioned in the literature, are copper scale, formed
Erom the forging of copper, and copper bloom from
the quenching of molten copper. Both substances
consist of red Cu 20 contaminated with black CuO.
This assumption is justified by the frequent confu-
sion made in ancient times between the oxides of cop-
per, which are quite frequently produced as mixtures
(96, 97).

Verdigris, mainly copper(II) acetate pentahydrate
Cu(CH 3CO 2)2 .5H 20, was known to the Egyptians
(98). Its production by the action of wine dregs on
copper and its use as a substitute for the expensive
chrysokolla were first described by Theophrastus
(99). Later accounts give similar methods of produc-
tion (100 to 103). The use of verdigris in goldwork
has been reported by several authors, including
Strabo in 30 A.D. (104) and Pliny (105).

The latest mention of verdigris being used in a
solder was by Cellini in 1568 (106). Some of the
literature on `verdigris' appears to indicate that, in
fact, patina, a basic copper carbonate of varying com-
position, was obtained, which functioned as a solder.

The preparation of the vitriol, cupric sulphate pen-
tahydrate CuSO 4 .5H 20, was first reported by
Dioskurides in 77 A.D. (107), and its use as a solder is
recommended in the 'Compositiones' (108). Later ac-
counts, by Mizaldus in 1574 (109) and Libavius in
1597 (110), make mention of it in admixture with
cupric oxide.

Theophilus reported a very complicated mixture
based on cupric hydroxide Cu(OH) 2 for use as a
solder (111). To prepare it, a mixture of copper
oxides, cupric chloride and cupric hydroxide made by
heating salt-coated copper platen was added to a com-
position made up from potash, soap and lard (produc-
ing the reducing carbon).

The above evidence suggests that the only proven
technique for producing granulation which does not
show any' trace of solder alloy is that which uses
adhesive compositions containing copper compounds
such as those discussed. These were explicitly refer-
red to in the literature as gold solders. Apart from the
use of metallic solders, this is the sole technique for
joining the granules to the substrate which could have
been used with the only ancient heating facility — the
open charcoal fire (112). Furthermore, bonding with
non-metallic solders produces all the technical
characteristics found in ancient granulation.
Significantly, the method is applicable to all known
combinations of metals and alloys used in ancient
granulation, to substrates of all shapes and dimen-
sions, and to wires and granules vastly different in
size. The process may also be repeated without
affecting existing bonds.

The following evidence should also be considered
as support for the use of non-metallic solders in
granulation: work from different periods frequently
exhibits copper-coloured spots at the granule-
substrate joints (113), and etching and subsequent
analysis show the presente of copper at the contact
surface (114).

Furthermore the term 'Santerna', used by Pliny for
adhesive solder compositions is of proven Etruscan
origin (115). Because, according to the same author,
joining with adhesive non-metallic solder composi-
tions is especially suited for gold alloys with high
silver contents, which were the preferred materials of
the Etruscans for granulation, it can be assumed that
both the term and the technique go back to that era.

Continuity in the History of Granulation
Never since it was first used has granulation been a

lost art. Until far into the 19th century, the time of its
alleged 'rediscovery', this technique has thrived con-
tinuously in many places, for instante in Russia (116),
Bulgaria (117), Mongolia (118), Tibet (119) and Per-
sia (120). This also holds truc for Swiss (121) and
German (122) folk-jewellery. In this context, a reap-
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praisal appears warranted of European granulation
work stemming from the time of the 'rediscovery'
(Figures 1, 2, 3). Because of the use of metallic solder
in its manufacture this jewellery has been belittled as
`pseudo-granulation'. However, there is no
technological differente between it and most of the
granulation since the Ist century A.D., and the ar-
tistic qualities of the work are often of a very high
standard.

Conclusion
It has been attempted in this study to show con-

clusively that debate on the ancient technique of
granulation, hitherto clouded in confusion, has ac-
tually been based on five wrong assumptions, listed at
the beginring of this article. From the above discus-
sion the following conclusions may be drawn:
(1) Granulation is a formal discipline within the art

of the goldsmith; however, it is not a technique
which is based on one specific joining process

(2) In granulation, as in other jewellery techniques,
both metallic and non-metallic solders have been
used, the Jatter predominantly in antiquity

(3) Granulation was never a 'lost' art; it survived
with continuity until far into the 19th century

(4) The descriptions of, or references to, joining
techniques on which granulation is based can be
found in numerous literary sources over a period
of more than 2 000 years

(5) Modern attempts to establish by experiment the
origins and characteristics of the technique have
contributed little to our knowledge of it. They
have usually ignored the technical features of an-
cient work and have not been based on the ex-
clusive use of tools, materials and processes
known in antiquity.
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S0 gold, which is the most fixed of all bodies, seems to consist of compound
particles, not all of which, on account of their massiveness, can be carried

up by the agitation of heat, and whose component parts cohere with one another
too strongly to be separated by that agitation alone.

From the translation by
	

ISAAC NEWTON
A. Rupert Hall and Marie Boas Hall

	
From the unpublished

Cambridge, 1962
	

Conclusio to the Principia
Cambridge, 1687

Gold Ru1L- 1981- 14. 131.	 129


