
CHEMICAL ANALYSES OF SOME 
GLASSES FROM FRATTESINA 

ROBERT H. BRILL 

SAMPLES of six glasses excavated at Frattesina 
were submitted to the author by Dr. Anna 
Maria Bietti Sestieri. The glasses are thought 

to date from the tenth-ninth centuries B.C. The sam-
ples consist of three types of beads and three small 
pieces of what appear to have been poured slabs. 
In addition, a sample of gray soil with a gritty 
texture was included. 

The importance of the glass found at Frattesina 
stems largely from its date and from the location of 
the site. Located in the Veneto, Frattesina is known 
to have had strong cultural ties with eastern and 
central Europe. The glass dates from about the 
time the Bronze Age was giving way to the Iron Age 
in Italy. But beyond this, Dr. Bietti Sestieri believes 
she might have uncovered evidence of actual glass 
manufacture. 

We undertook chemical analyses of the glasses 
in hopes of seeing if their compositions resembled 
those characterizing Near Eastern and Mediterra-
nean glasses of the period, or if, instead, they ap-
peared to be something different. In the first case, 
the glass would presumably have been simply a 
manifestation of Near Eastern glassmaking-albeit 
one lying on a rather distant fringe of that part of 
the glassmaking world. If, on the other hand, the 
compositions were found to differ from those of 
Near Eastern glasses, then the Frattesina glasses 
might be regarded as a manifestation of a distinctly 
different glass making world-that of eastern and 
central Europe. The latter would be a more exciting 
finding, from the viewpoint of glass history, because 
European glass of that period is not in itself yet well 

understood; moreover, we have only a limited un-
derstanding of how these two glassmaking worlds 
were related to each other. The appearances of 
some of the Frattesina beads were different enough 
from the usual Near Eastern types to lead one to 
expect, on an a priori basis, that at least some minor 
compositional differences might turn up. 

EXAMINATIONS OF THE SAMPLES 

One of the samples (no. 3413) was a fragment 
representing about 15% of a single bright blue 
transparent bead. The parent object must have 
been quite large. The apparent diameter is approxi-
mately I. 7 cm, and the length must have measured 
about the same. The bead had a circular, straight-
sided bore, about 6.0 mm in diameter, the remains 
of which still bear a residue of silty material. The 
material probably became attached while the glass 
was still hot. The glass is filled with sphericalized 
bubbles about o. I mm and less in diameter. A few 
larger bubbles, approximately 1.5 mm in size, are 
slightly ellipsoidal. There are several long bubble 
chains curving concentrically around the bore axis. 
These are relics of greatly elongafed bubbles pres-

Author's Note. The author thanks Dr. Sestieri for providing the 
opportunity to analyze these glasses. For general information on 
Frattesina, see A. M . Bietti Sestieri, "Lo scavo dell 'abitato pro-
tostorico di Frattesina, Fratta Polesine (Rovigo)," Bullettina di 
Paletnologia Italiana, v. 2 [, [975-[980, pp. 22 [-256; A. Biavati, 
"L'arte vetraria nella civiltil protovillanoviana di Frattesina, 
Fratta Polesine (Rovigo); analisi chimica dei reperti ar-
cheologici," Padusa, v. [9, [983, pp. 59-63. The present paper 
reports our findings as of July [989. 
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ent in the threads of softened glass from which the 
bead was formed. Bubble chains with this concen
tric orientation are a telltale sign of wound beads. 

Sample no. 34 I 4 consisted of several identical 
specimens of srnall bright blue transparent beads. 
These ring-shaped beads have outside diameters of 
3-4 mm, and thicknesses of about I mm. The bores 
are circular, straight-sided, and quite uniform from 
piece to piece. They contain the same type of resi
due as the larger bead. These, too, were made by 
winding, and a few still have winding-thread pull
OffS.l One gets the impression that the rod around 
which the glass was formed was hard and unyield
ing; it was probably made of metal. 

The author has not examined the finds from the 
site, but if Frattesina was indeed the location of a 
beadmaking factory, then certain types of waste 
glass should have been found in abundance. These 
would include thin threads of glass pulled off after 
winding, possibly threads extending from thin 
canes, and miscellaneous drippings, some of which 
might have pincered shapes. 

The third sample, no. 3415, was selected from a 
group of beads very similar in size and shape to the 
small blue beads just described. However, they have 
a bright red opaque color. 

The other three samples are fragments of what 
might have been poured glass slabs or patties. They 
are about a centimeter, or somewhat greater, in 
thickness. One (no. 341 I) has the same bright blue 
transparent color as the beads. A second (no. 3412) 
also has the same color, except for red opaque 
patches on some surfaces. No. 3410 is different in 
that it has a dark blue transparent color. It is so 
dark that it appears black. 

In general, the glasses are only lightly to moder
ately weathered, except for the small blue ring 
beads, some of which are somewhat more weath
ered. 

CHEMICAL ANALYSES AND 

THEIR INTERPRETATIONS 

Quantitative chemical analyses of all six of the 
glasses were carried out by atomic absorption. 
These were supplemented by semiquantitative 
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emission spectrography. The results for the indi
vidual samples, and a mean composition, are re
ported in Tables I and 2. Some of the data are 
plotted in Figures 1-5. The table also includes the 
reduced compositions of the glasses. 2 The reduced 
compositions-in which the oxides are starred
are based on the seven major and minor oxides 
normalized to 100%. This makes base composi
tions of the glasses more directly comparable to one 
another than the raw data, by diminishing the ef
fects of intentional additives. 

There are three noteworthy features of the analy
ses. Two are related to color chemistry, and the 
other to the unusual alkali composition. But to 
begin with, it should be noted that the compositions 
of the six glasses are all quite similar to one another, 
similar enough that they can be considered the out
put of a single factory. Glass like that in the poured 
slabs could well have been used for making beads 
like those analyzed. 

Color Chemistry if the Glasses 

The first point of special interest is that five of 
the six glasses are colored with copper only, which 
is consistent with their bright blue color. The sixth, 
however, no. 3410, is a much darker blue and, not 
unexpectedly, contains cobalt, as well as some cop
per. The use of cobalt vs. copper is a marked tech
nological difference, but the base compositions are 

I. Robert H. Brill, Stephen S. C. Tong, I. Lynus Barnes, 
Emile C.Joel, and Martin]. Murtagh, "Laboratory Studies of 
Some European Artifacts Excavated on San Salvador Island," 
Proceedings, First San Salvador Cotiference, Columbus and His World, 
College Center of the Finger Lakes, Bahamian Field Station, 
Ig87, pp. 247-2g2. 

2. For information on reduced compositions, see Robert H. 
Brill, "Chemical Analyses of Some Early Indian Glasses," Ar-
chaeometry rif Glass, Archaeometry Session rif the XIVth International 
Congress on Glass, New Delhi, Ig86, Calcutta: Indian Ceramic 
Society, Ig87, Section I, pp. 1-25; E. Edwards McKinnon and 
Robert H. Brill, "Chemical Analyses of Some Glass from 
Sumatra," ibid., Section II, pp. 1-14; Robert H . Brill and David 
Whitehouse, "The Thomas Panel," Journal rif Glass Studies, v. 30, 
Ig88, pp. 34-50; and Robert H. Brill, "Thoughts on the Glass 
of Central Asia with Analyses of Some Glasses from Mghani
stan," Proceedings rif the XVth International Congress on Glass, lenin-
grad, Ig89, The International Commission on Glass, I g8g. 
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TABLE I 

Analyses of Some Frattesina Glassest 

"Soil" 
3410 34II 3412 3413 3414 3415 3416 

Si02 77.82 74.78 74·45 76.7 1 75·55 75·47 Major 
Na20 6·37 6.9 1 4.85 6. 4.9 1 6·53 o.x 
CaO 2.08 1.63 1.75 1.86 1.93 1.86 Major (low) 
K20 8. 71 9·54 12·3 9.63 10·5 8·75 Minor 
MgO 0·7 0-43 0.6 0.6 0·57 0·57 Minor 
Al20 3 2.24 1.48 0.8 1.73 1.02 1.76 Major (low) 
Fe203 0.82 0·59 0·4 0.65 0·5 0.72 Minor 
Ti02 0.1 0.1 0.05 O. I 0.08 0.1 o.x (low) 
Sb20 S 0.02 0.02 0.02 0.02 0.02 0.02 
MnO 0.02 0.022 0.012 0.01 7 0.016 0.023 o.ox (low) 
CuO 0·44 3·77 4. 26 1.99 4. 22 3.72 O.OOX 
CoO 0.15 
Sn02 0.001 0·5 0·45 0·4 0·45 0·4 O.oox 
Ag20 0.005 0.005 0.005 0.03 0.005 0.005 
PbO 0.001 0.001 0.001 0.002 0.002 0.001 o.oox 
BaO 0.01 0.01 0.01 0.01 0.01 0.01 o.x (low) 
SrO 0.02 0.02 0.02 0.02 0.02 0.02 O.OX 
Li20 0.004 0.002 0.003 0.002 0.004 0.002 
B20 3 0.01 0.01 0.01 0.01 0.01 0.01 o.ox (low) 
V20 S o.oox 
Cr203 0.01 0.005 o.ox (low) 
NiO 0.36 0.005 0.01 0.005 O.ox (low) 
ZnO 0.01 4 0.01 I 0.01 I 0.01 0.012 0.01 3 
P20 S 0.06 0.16 0.18 o. I 7 
As20 S 0.05 

Reduced Compositions 

Si02* 78.81 78.42 78.24 78.94 79·54 78.89 
Na2O* 6·45 7. 25 5. 10 6.17 5. 17 6.83 
CaO* 2.1 I 1. 7 I 1.84 1.9 1 2.03 1.94 
K2O* 8.82 10.00 12·93 9.9 1 11.05 9. 15 
MgO* 0.7 1 0·45 0.63 0.62 0.60 0.60 
Al203* 2.27 1.55 0.84 1.78 1.07 1.84 
Fe203* 0.83 0.62 0.42 0.67 0·53 0·75 
T* 100.00 100.00 100.00 100.00 100.00 100.00 

Na20/K20 0·73 0·73 0·39 0.62 0·47 0·75 

tAll analyses by Brandt A. Rising and Rolando Gonzales of Umpire and Control Services Inc., West Babylon, NY. 
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so similar that the glasses must almost certainly 
have been made at the same factory, or, at least, 
at factories near one another. Apparently, the fac
tory made use of both colorants for preparing blue 
glasses, but perhaps at different times. 

The cobalt is accompanied by substantial levels 
of nickel and arsenic, a characteristic of cobalt from 
some mineral deposits. The copper is accompanied 
by tin (except in the cobalt -colored glass) in propor
tions which indicate that the ingredient used to 
introduce the copper colorant was derived from 
bronze. The analyses show that the parent bronzes 
would have ranged from 83% to go% Cu and from 
g% to 16% Sn, in keeping with the presumed dates 
of the glasses. This is further borne out by the fact 
that the copper content is not positively correlated 
with either the alumina or iron, as it would have 
been if something like a copper-containing metal
lurgical slag or a copper mineral had been used as 
a colorant. 

The second point involving the color chemistry 
of the glasses centers around the facts that the red 
and blue beads are very close to one another in 
composition, and that both are colored only with 
copper. Under microscopic examination, the red 
color, where present, can be seen to be confined to 
thin surface layers covering bodies of the same 
bright blue transparent color as that of the blue 
beads. In a few patches, the red color is absent, and 
in some places, minute specks of red glass have 
been chipped away, revealing the blue interior. It is 
clear that the red beads owe their surface color to 
coatings of cuprous oxide. In a few places, micro
scopic puckering can be seen on the surfaces and 
the glass overall has something of an orange-peel 
texture. Both effects are characteristic of copper
containing glasses that have been reheated at mod
erate temperatures. 

Three of the six red beads examined still retain 
winding-thread pull-offs, from which the glass 
thread would have snapped away at the last instant 
when the stiffened thread was separated from the 
body glass. The fractured surfaces all have the same 
red opaque surface color as the other surfaces, prov-

14 

TABLE 2 

Mean Reduced Composition of 
Frattesina Glasses (n = 6) 

Mean ± go% limits 

Si02* 78.1 78.81 79. 6 
Na20* 4.72 6.16 7.60 
CaO* 1.69 I.g2 2.15 
K2O* 7.83 10·3 12.8 
MgO* 0.46 0.602 0·74 
A120 3* 0.69 1.56 2·43 
Fe203* 0-39 0.637 0.88 

Mean Na20*/K20* = 0.598. 

Mean P20S (not included above) =0.14. 

ing that the red color did not form until after the 
bead had been finished. 

The bright blue glass owes its color to oxidized 
copper in the form of cupric oxide (CuO). The red 
color, confined to the surfaces of the red beads, is 
chemically reduced copper in the form of cuprous 
oxide (Cu20). The chemistry involved is well un
derstood.3 Apparently, some of the blue trans
parent beads, after they had been completed, were 
subjected to reheating at moderate temperatures in 
a strongly reducing atmosphere. If the reheating 
was deliberate, the reducing conditions would have 
been produced by using a closed container and/or 
a smoky fire. A chamber like an annealing kiln 
would have sufficed, with the beads being embed
ded in something like calcined lime, furnace ashes, 
charcoal, or some mixture of such materials. (In 
India and Afghanistan in recent times, the author 
has seen beads and other glass objects placed in 
beds of ashes for annealing.) As a result, the copper 
at the surfaces of the Frattesina glasses would have 
become chemically reduced to cuprous oxide, yield
ing the bright red color. All surfaces-including the 
fractured tips of the winding-thread pull-offs-

3. Robert H. Brill and Nicholas D. Cahill, "A Red Opaque 
Glass from Sardis and Some Thoughts on Red Opaques in 
General," Journal of Glass Studies, v. 30, I g88, pp. 16-27. 
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would have turned red opaque, and the orange-peel 
effect and puckering would have appeared. Several 
of the red beads have slight traces of a powdery 
substance fired onto their surfaces. This could be a 
residue of the material in which they had originally 
been embedded during refiring. 

However, there is another possibility. One of the 
broken slabs or pieces of cullet (no. 3412) is also 
covered on some of its surfaces (including fractured 
surfaces) with the same red opaque layer as the 
beads. If it is generally true that broken or waste 
glass from the site has this same red surface color, 
then the reheating would appear more likely to have 
been accidental, resulting either from some general 
conflagration or from accidental heating in closed 
corners of the furnaces . In that case, the red opaque 
color would not have been intentional. It is a point 
of some importance in evaluating the level of tech-
nology employed at the factory. 

Compositional Families if Ancient Glasses 

The third important observation on the chemical 
analyses does not deal with details of a factory pro-
cess, but rather with the relationship of the factory 
to other early factories. Virtually all ancient glass 
compositions are of the alkali:lime:silica varieties.4 

In the vast majority of cases, the alkali is soda, 
introduced in the form either of natron or of plant 
ashes (the ashes would have been obtained by 
burning certain types of desert or marsh plants) .5 
In the case of many Roman and Hellenistic glasses, 
natron was used. These are recognizable by their 
relatively low contents of potassium (K20) and 
magnesium (MgO). Both are at a level of about 
1 %. Early Mesopotamian, Sasanian, and Islamic 
glasses were made with plant ash as their source of 
soda, and they can be recognized by their relatively 
high levels of potassium (~2.5%-3.5%) and mag-
nesium (~2.5%-6%) . During medieval times in 
the West, glass was often made with plant ashes 
obtained from trees, ferns, and other ordinary in-
land plants. Their alkali, consequently, is primarily 
potash, and they are much richer in potassium than 
in sodium. Examples of these three most common 
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composition. 

families of early chemical compositions are illus-
trated in Figures 1-4, but the point is best made, 
perhaps, in Figure 2, showing the relative propor-
tions of soda and potash. 

4. Brill, "Chemical Analyses" [note 2]. 
5. For information on natron, see Robert H. Brill, "Scientific 

Investigations of the Jalame Glass and Related Finds," Excava-
tions at Jalarne, Site if a Glass Factory in Late Roman Palestine, ed. 
Gladys Davidson Weinberg, University of Missouri Press, 1988, 
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The prototypes chosen as illustrations are not 
contemporaneous with the Frattesina glasses, but 
they are, chemically, excellent representatives of 
their respective families. They are: 

1. Natron glasses (Na20:CaO:Si02); low K 20-
low MgO. Jalame (w. Galilee), about A.D. 360.6 

2. Plant-ash glasses (Na20:CaO:Si02); high 
K 20-high MgO. Nuzi, 13th century B.C. 7 

3. Potash glasses (K20:CaO:Si02). St. Maur 
des Fosses (stained glasses), French, 13th century 
A.D.S 
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Other than for some eastern European and Cen-
tral Asian glasses,9 some medieval mixed-alkali 
glasses from France and Spain,lo the lead-contain-
ing glasses of Far Eastern origin,Il and a few lead-
containing Islamic cameo glasses,12 the above three 
compositional families account for probably 95% 
or more of all early glasses up through the Middle 
Ages. 

Also plotted on these graphs are the data for the 
six glasses from Frattesina. The results are remark-
able indeed. The Frattesina compositions do not 
match any of the three common, well-established 
chemical types. Instead, they are mixed-alkali 
glasses, that is, they contain substantial levels of 
both soda and potash. This means that the Fratte-
sina glasses were not made with either natron or 
the usual type of plant-ash soda used throughout 
the Near East and around the shores of the Mediter-
ranean at that time. Neither were they made with 
the same kind of potash that was to mark so many 
European glasses many centuries later. Some differ-
ent type of alkali must have been used in making 
the Frattesina glasses. Hence, unless they were just 

chapter 9, pp. 257-294. For information on plant ashes, see 
Robert H. Brill, D. Barag, A. L. Oppenheim, and A. von Sal-
dern, "The Chemical Interpretation of the Texts," Glassmaking 
in Ancient Mesopotamia, Corning: The Corning Museum of Glass, 
1971, pp. 105- 128. 

6. Brill [note 5]. 
7. Unpublished data, The Corning Museum of Glass. Sam-

ples courtesy Semitic Museum, Harvard University. 
8. Unpublished data, The Corning Museum of Glass. Sam-

ples courtesy J. Hayward. 
9. Brill, "Thoughts" [note 2]. 
10. Unpublished data and raw material analyses, The Cor-

ning Museum of Glass. 
1 I. Robert H. Brill, Stephen S. C. Tong, and Doris Dohren-

wend, "Chemical Analyses of Some Early Chinese Glasses," 
Research in Ancient Chinese Glasses; Proceedings qf the International 
Symposium on Glass, Beijing, 1984, ed. Gan Fuxi, Chinese Building 
Industry Publications, 1986, pp. 15-35. (This reference is in 
Chinese, but an English edition is in press as chapter 5 in Robert 
H. Brill and John H. Martin, eds., Scientific Research in Early 
Chinese Glass, Corning: The Corning Museum of Glass, 199 I.) 

12. I. Lynus Barnes, Robert H . Brill, Emile C . Deal, and G. 
Venetia Piercy, "Lead Isotope Studies of Some of the Finds from 
the Ser<;e Liman Shipwreck," Proceedings qf the 24th International 
Archaeometry Symposium, eds. Jacqueline S. Olin and M. James 
Blackman, Smithsonian Institution Press, 1986, pp. 1-12. 
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some localized aberration, the Frattesina glasses 
must represent a different facet of early glass tech
nology, presumably that practiced in central and/or 
eastern Europe. 

POSSIBLE ALKALI SOURCES FOR 

THE FRATTESINA GLASS 

In attempting to identifY what type of alkali was 
used, two other compositional features-the rela
tively low levels of lime (CaO) and magnesia 
(MgO) -must also be accounted for in the Fratte
sina composition. Incidentally, this Iowa lime con
tent in an ancient glass (mean CaO* - 1.92%) 
would normally signifY a poor chemical durability, 
which, in a moist climate like that of northern Italy, 
would lead to very heavy weathering in a straight 
soda-lime or potash-lime glass. However, mixed
alkali glasses in general are considerably more re
sistant to weathering than either straight soda or 
straight potash glasses. Therefore, the well-pre
served state of the Frattesina glasses is consistent 
with their unusual composition. 

It is doubtful that two separate alkalis (one soda, 
the other potash) were combined to make these 
glasses, and a few possible single-source explana
tions for the mixed-alkali composition come to 
mind. The low lime and magnesia contents are a 
central point. If the alkali was a type of plant ash, 
those two oxides would be expected to be higher by 
factors of about 3 for the lime and 6 for the mag
nesia. We have done numerous analyses of plant 
ashes, which establish that point firmly. If, how
ever, plant ashes are purified by leaching with 
water, and the alkali is recovered by recrystallizing 
the liquor, the resulting alkali contains much less 
lime, magnesia, alumina, and other less soluble 
components of the ash. There is no evidence that 
this was done on a routine basis throughout the 
Near East. In fact, if it had been, none of those 
glasses would have survived until today because all 
of the stabilizers would have been removed.13 In the 
Near Eastern technology, we believe that the ashes 
used were generally obtained from small twigs, 
stems, and foliage. Normally, these are easily re-

duced to rather friable frits or, sometimes, even to 
powders. Assuming, for the moment, that plants of 
a different nature might have been used for making 
the mixed-alkali glasses, it is possible that they were 
larger and more woody plants. If so, they might 
have yielded ashes containing a greater proportion 
of charred and incompletely burned material, thus 
necessitating leaching of some sort. 

The above picture would allow for the Frattesina 
glasses to have been made with a plant ash, while 
still accounting for the fact that they contain corre
spondingly less lime and magnesia than the Near 
Eastern plant-ash glasses. This supposition is 
strengthened by the fact that the Frattesina glasses 
also have lower P20 S contents than most glasses 
known to have been made with plant ashes. Phos
phorus is another of the elements that might not 
have survived the leaching process. 

Further research and analyses are required to 
learn what kinds of plants and what growing condi
tions would have produced ashes with soda:potash 
ratios matching the Frattesina analyses (_0.60).14 
Possibly, there were local marsh grasses that would 
have had suitable ratios, although their use would 
weaken the argument that the ashes had to have 
been purified because of the inclusion of numerous 
bits of incompletely burned debris. Specimens of 
some of the local plants that were abundant there 
in the past might still survive nearby today. These 
would be well worth seeking out and studying. 

The above picture also implies that the chemical 
durability of the glasses made from purified alkali 
would have been entirely fortuitous. Lacking the 
stabilizers removed by purification, the durability 
would have depended solely upon the fact that the 
glasses happened to be mixed-alkalis. 

13. That, in fact, is just what happened in European glass
making during the 17th century. In attempting to make more 
nearly colorless glasses, alkalis were overpurified, and the result
ing glasses were very susceptible to crizzling. Robert H . Brill, 
"Crizzling-A Problem in Glass Conservation," Conservation in 
Archaeology and the Applied Arts, London: The International Insti
tute for Conservation of Historic and Artistic Works, 1975, pp. 
121-134. 

14. Brill and others [note 5] . 
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Another possibility is that some particularly im-
pure form of natron, one heavily contaminated with 
potassium chloride or potassium sulfate, was used. 
Both of these salts have been found by the author 
as evaporites in the Wadi Natrun, where natron 
was collected for glassmaking. 

A third possibility is that the glassmaking flux 
was not a plant ash at all, not even an alkali. This 
would be saltpeter or niter, the former of which was 
definitely used (very much later) in Chinese glass-
making,15 and the latter of which was used in 
Europe for a wide variety of purposes in the cen-
turies to come. We do not have in mind naturally 
occurring deposits of these nitrates, but rather 
another source readily at hand wherever people are 
settled, one so unsavory that we hesitate even to 
mention it. Efflorescent salts from latrines or ma-
nurial soils consist largely of saltpeter (KNOg), 
but they must also contain a range of sodium 
salts such as niter itself (NaNOg) and various 
soluble compounds related to microcosmic salt 
(NaNH4HP04.4H20). Collected and cleaned up, 
as they were on a large scale later in history, a 
mixture of such salts could have been used as a flux 
for glassmaking, and probably would have pro-
duced a mixed-alkali glass. 
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OTHER BATCH CONSIDERATIONS 

Figure 5 illustrates another feature of the Fratte-
sina compositions. The iron content is directly 
proportional to the alumina content, with the data 
fitting the straight line: % Fe20g* = 0.205 + 0.277 

(%AI20 g*). The positive slope indicates that both 
components were introduced with the same batch 
ingredient, which contained them in the proportion 
Fe20g/Al20g -0.277. The other batch ingredient 
must have contained -0.205 % Fe20g, as estimated 
from the y intercept. It would be interesting to see 
if any local sources of silica, such as pebbles or river 
or beach sands, might match that ratio. 

We have plotted several other graphs of the data, 
which are not included here. From the various cor-
relations observed, both positive and negative, it 
appears that the Frattesina glasses were melted 
from two major batch ingredients, to which the 
colorants were added. The first ingredient supplied 
the silica and introduced alumina and iron as sub-
stantial impurities. The other ingredient supplied 
the mixed alkali and a little phosphorus. Because 
the lime and magnesia levels are both so low, and 
because there is little variability in them among the 
few samples analyzed, it is not possible to ascertain 
which of the major ingredients they accompanied. 

If additional mixed-alkali glasses are analyzed 
from Frattesina (providing that they show compo-
sitional trends), it should become possible to back-
calculate reliable estimates of the compositions of 
the two major batch ingredients. 

Using the mean composition reported in Table 
2, and making certain assumptions about plant-ash 
compositions, a batch recipe was back-calculated. 
I t was assumed, first, that the glasses were prepared 
from only two ingredients: one a mineral substance 
(sand or crushed pebbles), which introduced all of 
the silica, alumina, and iron; and the other an oxide 
mix, which introduced the alkali and small quan-
tities of lime, magnesia, and phosphorus. If this 
was so, the batch recipe would have been 8 I % of 
the first ingredient and 19% of the other-a 4: I 

15. See [note I I]. 
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recipe by weight. Treating the alkali as an oxide 
mix, however, is not a realistic approach. Therefore, 
we assumed further that the second ingredient was 
a purified plant ash consisting of partially hydrated 
salts recrystallized from lixiviation of a coarse plant 
ash. One such salt combination, consistent with 
the oxide mix just mentioned, is given in Table 3. 
Weight ratios of 2. 16 parts of the first ingredient to 
1.00 part of that hypothetical plant ash would pro
duce a glass of the composition in Table 2. Allowing 
for the fact that the levels of hydration of the carbon
ates can be only roughly estimated, and that in 
actual practice the batches were probably mea
sured out by volume instead of weight, the log: 1.0 
ratio is not far off the 2.0: 1.0 ratio of Belus River 
sand to natron, which was calculated for the fourth 
century glass factory at Jalame. 16 We are of the 
opinion that a 2: I recipe of the silica-containing 
ingredient to the alkali ingredient was probably 
standard for ancient glassmakers-or at least a 
point of departure from which they would make 
corrections. 

Calculations of plant-ash recipes are more com
plicated than those based on natron because of the 
difficulties in deciding on just what salts were pres
ent. Moreover, if one imposes a purification step on 
top of them, the question of hydration must also be 
contended with. The hydration levels we assigned 
to the various salts listed in Table 3 were based on 
unpublished equilibration data collected over a 
period of eight years for Na2C03, K 2C03, CaC03, 
and ancient natron. A relative humidity of 45% 
was arbitrarily chosen for the calculation. 

The whole subject of back-calculations of batch 
recipes should be pursued further as additional 
analytical data become available and as new evi
dence accumulates relating to possible alkali 
sources available near ancient Frattesina.17 

Sample no. 34 I 6 was a gray soil with a somewhat 
gritty texture. It had been collected from a sup
posed furnace location. A spectrographic analysis 
showed major levels ofSi02, CaO, and A120 3, with 
minor levels of Fe203, K 20, and MgO. (See Table 
I.) The trace elements, with the possible exception 

TABLE 3 

Hypothetical Ingredients Resulting 
from Back-Calculation 

Silica-containing 
batch material* 

Si02 = 78.8 
Al20 3 = 1.56 
Fe203 = 0.637 

L = 81.0 grams 

Alkali (partially hydrated 
salts from recrystallization) ** 
K2C03.(1.5)H20 18.1 
Na2C03.(.59)H20 11.6 
CaCI2·(2.0)H20 5.02 
MgCI2·(3·0)H20 2.3 1 
Na3POd4)H20 0·47 

L = 37.5 
grams 

Batch recipe ~2.16:1.00 by weight. 
Batch recipe ~ log: 1.00 by volume. t 

* Grams per 100 grams of glass. 
** Hydration estimated from long-term equilibration measure

ments . Assumed RH = 45 % . 
t Assuming density silica batch material - 1.44 g/cc. and den

sity alkali material - 1.27 g/cc. 

of o.ox% nickel, do not reveal much. X-ray diffrac
tion 18 showed the presence of quartz, calcite, dolo
mite, and mica as crystal phases, none of which is 
an unexpected phase in soils. Albite (NaAISi30 8) 

was also detected. This could have been connected 
with glassmaking procedures because albite can 

16. Brill [note 5]. 
'7 . That could be more complicated than it sounds. The 

plant ashes used at inland Near Eastern glassmaking centers 
probably had Na20/K20 ratios ranging from about 4.5 to 6.5. 
(See reference in note 5.) To cite just a few further examples, one 
plant we recently analyzed had a Na20/K20 ratio of 0.91 -in 
other words, it contained about equal parts of soda and potash. 
This ash was obtained from a specimen of Salsola kali collected 
at Palermo by Franco D'Angelo, and passed on to the author by 
David Whitehouse. The mean value of the same ratio for six 
ashed specimens of kelp (representing three varieties of genus 
Fucus) was 1.34. The samples were collected on the beaches of 
East Yorkshire by Sue Topping and Rosemary Cramp in connec
tion with our analyses of the glasses excavated atJarrow. Ashes 
of two species of genus Salicomia, collected by the author in the 
marisma of El Parque Nacional de Doiiana in southern Spain, 
showed ratios of 10.0 and 9.77. In these ashes (believed to 
resemble barilla), the soda clearly predominates. 

18. These were run by Bryan R. Wheaton of Corning Glass 
Works. 
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FIG. 6. Comparison of Frattesina glasses with other Iron Age 
glasses. (Rathgall and La Negade data from Henderson.) The 
Chofin glasses are typical Near Eastern/Mediterranean composi-
tions of the natron type. (The solid circles are frit-like beads, not 
completely vitreous.) The Rathgall beads have low CaO* contents, 
as do the Frattesina glasses. 
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FIG. 7. As in Fig. 6. Note that the Rathgall beads and one from 
La Negade are also mixed-alkali glasses. 

occur as a refractory stone or a batch stone from 
feldspars . However, it could also be just a compo-
nent of the natural soil. Therefore, nothing in the 
analysis or mineral make-up is clear-cut evidence 
that the sample was connected with glassmaking. 

On the other hand, a microscopic examination 
did show that the sample consists largely of granu-

20 

lar material, which could be a silica sand connected 
somehow with a glassmaking batch. Further exper-
iments are planned, in which the granular phase 
will be separated out and analyzed to see ifit could 
possibly correspond to the hypothetical ingredient 
described above in the section on batch materials. 

BROADER IMPLICATIONS 

The only other Bronze Age or Iron Age Euro-
pean glass we have analyzed at Corning is a group 
of beads excavated in the large cemeteries at Chotfn 
in southern Slovakia. This site lies (on the Danube) 
some 600 kilometers northeast of Frattesina. The 
beads were provided by the excavator, Mikula.s 
Dusek, many years ago. 19 They were described 
as coming from Hallstattan graves dated to the 
eighth-fifth centuries B.C. For comparison, these 
beads (six made of glass, and three of a frit-like 
material) are plotted in Figures 6-9. It is im-
mediately evident that the compositions of the six 
Chotfn glasses, all straight soda-lime glasses, are 
entirely different from the Frattesina glasses. An 
examination of the complete compositions of the 
Chotfn glasses shows that they are all typical na-
tron-type glasses, and therefore, unlike the Fratte-
sina beads, they were probably imported over con-
siderable distances through trade connections with 
some Mediterranean civilization. (The places 
where natron-based glasses were most likely to have 
been made at that time would have been in Egypt 
or somewhere along the eastern shores of the Medi-
terranean.) The three frit-like Chotfn beads, shown 
as solid dots in the graphs, are, not unexpectedly, 
quite different. They all contain very high percen-
tages of iron, suggesting that they could have been 
made with a metallurgical slag as one batch ingre-
dient. 

For several years, Julian Henderson has been 
conducting a study of European Bronze Age and 
Iron Age beads. His analyses have brought to light 
several other examples of mixed-alkali glass 

19. Mikulas Dusek, Thrakisches Griiberftld der Hallstattzeit in 
elwtin, Bratislava: Vydavatel'stvo Slovenskej Akademie Vied, 
1966. 
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beads. 20 He and the author have discussed the Frat-
tesina analyses at length and have compared them 
with some of his data from Rathgall (a ninth-cen-
tury B. c. site in Ireland) and La Negade (a first-
century B.c.-early second-century A.D. site in 
France). These data are plotted in Figures 6-9, 
along with those from Frattesina. 

The Rathgall compositions resemble the Fratte-
sina compositions not only in that they are mixed-
alkali glasses, but also in that they have the same 
low lime and low magnesia contents-which we 
showed above to be features of more than passing 
interest. There is little doubt in our minds that the 
Frattesina and Rathgall beads (although differing 
in appearance) represent a single glass making 
technology. They were almost certainly made in 
factories that were connected by links that will 
someday emerge to define that specific technology. 
For the moment, the link is only compositional, but 
it must be based on the use of very similar batch 
ingredients, measured out and processed in very 
similar ways. At present, the time frame appears to 
span the tenth-seventh centuries B.C . Whether that 
is artificially broad because of imprecise dating of 
the sites, or whether it is too narrow because only 
two sites have so far been found that produced these 
glasses, remains to be seen. 

The technological link implies a cultural link of 
some sort. The glasses could have been made at 
relatively few sites within some restricted region 
and then traded widely. It's a long way from Frat-
tesina to Rathgall, but one must not lose sight of 
the fact that beads were sometimes intended to 
travel long distances . As items of trade, that was 
one of their functions . Alternatively, the beads 
might have been made at wide-ranging sites by 
glassmakers who migrated, or by a technology that 
diffused, or even by itinerant glassmakers; or possi-
bly it was simply the cullet that moved around, to 
be fashioned into artifacts at some location far dis-
tant from the places where the glass itself was made. 
The questions seem legion; the evidence for the 
technology seems firm; the ultimate picture is yet 
to evolve. 
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FIG. 8. As in Fig. 6. Note that the Rathgall glasses have low 
MgO* contents, as do the Frattesina glasses. 
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FIG. 9. As in Fig. 6. Note that the Rathgall glasses have low 
P205 contents, as do the Frattesina glasses. 

Regardless of what the picture turns out to be, 
the role that Frattesina will ultimately play in all 
this seems destined to be important, primarily be-
cause it is located at a trading interface of the Near 

20. J. Henderson, "Electron Probe Microanalysis of Mixed-
Alkali Glass," Archaeometry, v. 30, no. [, [g88, pp. 77-9[; idem, 
"Glass Production and Bronze Age Europe," Antiquiry, v. 62, 
[g88, pp. 435-45 [; idem, "The Scientific Analysis of Ancient 
Glass," Scientific Anafysis in Archaeology and Its Interpretation, ed. J. 
Henderson, Oxford University Committee for Archaeology, 
monograph no. [g, [g8g, pp. 30-62. 
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Eastern and Mediterranean world with the Conti
nent. If, indeed, Frattesina proves to be a place 
where glass was made from raw materials, its sig
nificance in glass history will be enhanced beyond 
that stemming simply from its geographicalloca
tion. So let us assume, for the moment, that glass 
actually was made at Frattesina. 

Although it seems too much ever to hope for, it 
would be wonderful to know who the glassmakers 
were. They could have been "Near Eastern-Medi
terranean" glass makers working in the Veneto and 
feeding beads into whatever trading network Frat
tesina was supplying. If so, what brought them 
there? Or perhaps one should ask, what drove them 
there, and why did they abandon the use of their 
traditional batch materials in favor of some new or 
local source of materials? The answers must all be 
interrelated, and if they were ever to be known, they 
would be a reflection of what was happening during 
the hiatus between the decline of some major civili
zations and the rise of others. 

But one must also look at the interface the other 
way around. The glassmakers might have been 
"European" glass makers who plied their craft in 
Frattesina, used their customary batch materials, 
and supplied whatever trade network emanated 
from there. David Whitehouse has pointed out to 
the author (during one of several helpful discus
sions on this topic) that those beads might have 
been intended for use throughout northern Italy, 
which would, itself, have been a major market. And 
what about those "European" glassmakers: where 
did they come from, how did they learn their glass
making, and where did their traditions originate? 
The questions, it seems, grow "still more legion," 
but after all, these are the very things historians and 
archeologists have in mind when they submit sam
ples for analysis. The archeological chemist cannot 
always provide answers, but can, as in this instance, 
provide some good, solid evidence for further delib
erations. 

There are some obvious follow-up steps to be 
taken. We would like to examine and analyze more 

of the glass finds from Frattesina, think more about 
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the batch ingredients that might have been used, 
and re-examine more carefully other mixed-alkali 
compositions-particularly among eastern Euro
pean, Central Asian, and southern European medi
eval glasses. While the dates of these glasses are 
very much later, they might, nevertheless, provide 

some perspective on the subject as a whole. Julian 
Henderson, in continuing his valuable survey of 
Bronze Age and Iron Age glasses, is likely to un
cover still more mixed-alkali glasses and provide 
additional relevant evidence. It would also be help
ful to look outside the geographical confines of 
Europe to see if contemporaneous parallels for the 
Frattesina beads themselves, not only their compo
sitions, can also be uncovered. 

SAMPLE DESCRIPTIONS 

34 10 

Fragment of poured slab (?). Dark blue opaque, 
lightly-moderately weathered. 

34 11 

Fragment of poured slab (?). Bright blue trans
parent, moderately weathered. 

34 12 

Fragment of poured slab (?). Bright blue trans
parent, with red opaque surface patches, lightly
moderately weathered. 

34 13 
Fragment of large wound bead. Bright blue 

transparent, lightly-moderately weathered. 

34 14 
Group of small, ring-shaped, wound beads. 

Bright blue transparent, moderately weathered. 

34 15 
Group of small, ring-shaped, wound beads. Red 

opaque surface over bright blue transparent body, 
lightly-moderately weathered. 

3416 
Gray soil with a gritty texture. From presumed 

furnace site. 
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