
III. CHEMICAL ANALYSES AND 
OTHER LABORATORY STUDIES OF 
GLASS FRAGMENTS EXCAVATED 

AT THE SITE OF THE 
NEW BREMEN GLASSMANUFACTORY 

R.H.BRILL 

THE OBJECTIVE OF THIS STUDY was to deter-
mine what chemical compositions or peculiari-
ties might characterize the glass excavated at 
the site of John Frederick Amelung's New 
Bremen Glassmanufactory.l From among the 
thousands of fragments excavated, thirty were 
selected for chemical analysis . The sampling 
was not intended to be representative, in a pro-
portional sense, of the entire body of glass un-
covered. Instead, there was a strong bias in the 
sampling towards colorless glasses, which evi-
dently were used for fine quality production. 
About half of the specimens analyzed (fourteen 
fragments) are of this colorless glass. These 
were chosen in the hope of establishing com-
positional connections with museum objects at-
tributed to Amelung. The remainder consists of 
a small assortment of colored glasses (purples 
and blues) and several specimens thought to 
represent production of more ordinary wares 
or window glass. A list of sample descriptions 
is appended at the end of this text. 

The sampling contains specimens recogniz-
able as vessel fragments, some cullet, and waste 
glass, such as drippings and knock-offs . One 
can rarely be absolutely certain that particular 
glass vessel fragments or even pieces of cullet 
must necessarily have been made at a factory 
site because they were excavated there. Some 
scrap glass and cullet could always have been 
brought into a factory. However, we feel quite 

1. The factory will be referred to here simply as " the 
Amelung factory" without intending to imply either 
that it was the only "Amelung factory" or that it was 
always under the control of John Frederick Amelung. 
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confident that the colorless specimens and cul-
let analyzed here really were made at this fac-
tory. Moreover, the indications are that the 
specimens of more ordinary glasses also were, 
because, as will be demonstrated below, their 
compositions closely match those of knock-offs 
and drippings. Only two specimens are really 
suspect of having outside origins. The dates of 
the specimens analyzed are assumed to fall 
somewhere within the factory's operating pe-
riod, that is, 1785 through 1795, although they 
are associated with the building which is be-
lieved to have burned in 1790 and not been 
rebuilt afterwards . 

Quantitative analyses by atomic absorption 
were carried out for the follOWing elements, ex-
pressed throughout as weight percentages of 
the oxides: 2 potassium (K20), calcium (CaO), 
sodium (Na20), magnesium (MgO), aluminum 
(AbO:;), iron (Fe20 3), and manganese (MnO) . 
Phosphorus (P20 5) was determined colorimet-
rically. All of the other elements at minor and 

2. For readers unfamiliar with chemical symbols, 
the formulas below represent the oxides of the corre-
sponding chemical elements. 
SiO, silicon PbO 
K20 potassium BaO 
CaO calcium SrO 
Na,O sodium As,O, 
MgO magnesium LbO 
Al,O, aluminum Rb,O 
Fe,0 3 iron B,0 3 
Ti02 titanium V20 3 
Sb,O, antimony NiO 
MnO manganese ZrO, 
CuO copper Bi,0 3 
CoO cobalt P,O. 
Sn02 tin 

lead 
barium 
strontium 
arsenic 
lithium 
rubidium 
boron 
vanadium 
nickel 
zirconium 
bismuth 
phosphorus 
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trace levels were analyzed by semi-quantitative 
emission spectroscopy. Duplicate determina-
tions starting with new samples were run for 
any questionable values. Silica (Si02) was esti-
mated by difference from 100 percent. 

Several special reference glasses were pre-
pared for these analyses and for the object 
analyses carried out at Winterthur. These 
included "synthetic Amelung glasses" which 
contained major, minor, and trace elements at 
levels corresponding to those obtained in pre-
liminary studies. Analyses of the synthetic 
Amelung glasses yielded excellent agreement 
with the theoretical compositions calculated 
from the known batch compositions.3 There-
fore, the analytical procedures used are closely 
calibrated for the analyses of both the Ame-
lung fragments and the objects.4 

The data are summarized in Table 1 and 
compiled in Tables 2-5 . The specimens are 
grouped according to two main categories 
which emerged from the results and are ar-
ranged within those categories according to 
color. 

The first important observation made was 
that all but one of the specimens are potash: 
lime :silica glasses (K20 :CaO :Si02). Whereas 
lead (PbO) was frequently found at trace or 
low minor levels, a fact of some significance, it 
was a major component in only one specimen, 
no. 4283. This fragment, a stem base with fac-
eted cutting, is a true lead glass, containing 
34.5 percent PbO. The question arises as to 
whether it was actually manufactured at the 

3 . The reference glasses used for all analyses re-
ported here are listed below. All the glasses were pre-
pared by Dr. August A. Erickson of Corning Glass 
Works and his co-workers. 

a) Nos. 611 , 612, 614, and 616 distributed by the 
National Bureau of Standards. 

b) Reference glasses A, B, and D of a series pre-
pared for The Corning Museum of Glass for 
interlaboratory comparison analyses. 

c) Three glasses prepared for The Corning Museum 
of Glass, which contain only the major ingre-
dients in the reference glasses A, B, and D and 
not the trace elements. 

d) Glasses SPE, TVX, and TVY prepared for The 
Corning Museum of Glass simulating the com-
positions anticipated for the Amelung glasses. 

4. The only discrepancy was in one glass, where the 
Y,0 3 by conventional x-ray fluorescence yielded a value 
of 0.06 percent instead of the theoretical 0 .10 percent. 

factory or if it is an intrusion or glass brought 
in for cullet. It appears that the majority of 
glass made at this factory, if not all of it, was 
of non-lead formulations. 

The second important observation is that al-
though all the glasses are potash :lime formu-
lations (excluding the one lead glass), two 
distinctly different categories emerge from the 
data. One is a low-lime formulation, and the 
other a high-lime formulation. The low-lime 
group has an average CaO content of 9.05 per-
cent. It contains eighteen glasses ranging from 
7 .08 to 10.8 percent CaO. The high-lime group 
has an average CaO content of 19.6 percent. It 
contains five glasses ranging from 18.6 to 20.6 
percent CaO. The separation between the 
groups is well-defined, and there is no over-
lapping. 

The data for the other chemical elements re-
enforce the separation. The same specimens 
which cluster together in the low-lime group 
also cluster together in their percentages of 
other chemical elements. Similarly, the speci-
mens in the high-lime group remain clustered 
in the other chemical elements. In all, ten dif-
ferent chemical elements serve to discriminate 
between the two chemical types. The discrimi-
nating oxides are: CaO, K20, Na20, MgO, 
AbO~, Fe20~, SrO, BaO, PbO, and ShOG. 
There are two partially-discriminating ele-
ments, P205 and Ti02, while MnO and B20~ 

are nondiscriminating. Repeat analyses will be 
required to establish whether or not LbO and 
Rb~O are discriminating. 

The sharp separation into two groups proves 
to have a rational basis in that all the glasses in 
the low-lime group are either colorless, purple, 
or blue. Clearly, this composition reflects the 
basic formulation used for manufacturing the 
"fine glass" production of the factory. All of 
the specimens in the high-lime group are green, 
aqua, or amber-the colors characteristic of 
more ordinary production. The chemical groups 
are tight and the separation is complete, there 
being no crossovers between the two groups . 

There are six glasses which have been desig-
nated intermediate or uncertain as shown in 
Table 5. There are various ways of interpreting 
their analyses. Two of them (nos. 346 and 573) 
could possibly be glasses made by melting to-
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gether a mixture of glasses of the low-lime and 
high-lime groups. The others could be badly 
off-composition examples of the low-lime and 
high-lime groups. Alternatively, some of these 
six might be intrusions on the site-especially 
the bottle fragments-or could be scrap glass 
brought in for remelting as batch cullet. Among 
these, only no. 350, an irregularly-shaped piece 
of waste glass, was certainly melted at the site. 
Its unusual color, probably the result of devitri-
fication, is consistent with its identification as 
an off-composition waste glass. The others ap-
pear to be fragments of vessel or window glass. 
It is probably wiser not to press too far in 
interpreting these analyses now, but to await 
the results of follow-up analyses of additional 
specimens. 

It is noteworthy that the purple and blue 
glasses fall in the same category as the color-
less glasses. The vessels made from the colored 
glasses must have been regarded as being of the 
same level of quality as the colorless vessels, 
because for practical purposes, as far as the 
colors would have been concerned, the addition 
of the same colorants to the high-lime formula-
tion would have yielded an identical appear-
ance to the eye. 

The color chemistry of the purple and blue 
glasses is familiar. The three blue glasses are 
colored by cobalt oxide (CoO). The two pale 
blue glasses (nos. 363 and 1821) have about 
0.03 percent CoO and no. 349, a much darker 
blue color, contains about 0.4 percent CoO. 
Certain other trace elements seem to be higher 
in the blue glasses than in their colorless com-
panions within the low-lime group. These ele-
ments could have been introduced, probably 
unintentionally, with the ingredient which con-
tained the cobalt. They are bismuth (Bb05), 
copper (CuO), lead (PbO), probably arsenic 
(AS20 5), probably iron (Fe203), and pOSSibly 
nickel (NiO). On several other occasions arse-
nic has been found to accompany cobalt in 
early glasses.5 This is because arsenic often oc-
curs in association with cobalt in natural min-
erals, such as cobaJtite, CoAsS. The blue glasses 
made at the Amelung factory were probably 

5. Unpublished analyses of The Corning Museum of 
Glass. 
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colored by tne addition of cobalt imported in 
the form of zaffre or smalt. 

The purple glasses (nos. 347, 348, 362, and 
568) are all colored, as is to be expected, with 
manganese (MnO) at a level of approximately 
2-3 percent. The ingredient used to introduce 
the manganese also brought in barium (BaO), 
lead (PbO), nickel (NiO), copper (CuO), vana-
dium (V205), some aluminum (Ab03), and 
possibly bismuth (Bi203), zinc (ZnO), and tin 
(Sn02). 

The presence of manganese in all of the frag-
ments from the site, the low-lime, the high-
lime, and even the uncertain group, ties the 
glasses together somewhat. At the concentra-
tions found (a mean value of 0.40 percent), it is 
reasonable to assume that the manganese was 
an intentional additive meant to act as a decol-
orizer. Its function was to offset the greenish 
color introduced by iron impurities. Because 
manganese was so commonly used for this pur-
pose, it is not likely to prove useful for distin-
guishing Amelung glass from other glasses of 
the period. 

A rather vexing question grows out of the 
fact that some of the discriminating elements 
in this study occur at levels which are difficult 
to interpret. The same is true of some of the 
"Amelung features" in Mr. Hanson's object 
analyses. For example, lead concentrations in 
the range of a few tenths of a percent do not 
seem sufficient to confer any advantageous 
properties to the glasses. Similarly, the level of 
the antimony in some of the glasses is some-
what low for performing its usual functions as 
a decolorizer or as a fining agent. Because the 
glasses are believed to contain manganese as a 
decolorizer, presumably the antimony was in-
tended as a fining agent, that is, an ingredient 
used to remove "seed" or small bubbles from 
glass. Antimony is probably not very effective 
as a fining agent at concentrations less than 
about 0.05 percent. In this connection, the 
Amelung glasses do not seem to be particularly 
well-fined, even by eighteenth-century stan-
dards. The presence of arsenic (AS205) may 
also be explained by its use as a fining agent, 
particularly in the colorless glasses, where it 
would not have been associated with any col-
orant. 
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The trace levels of the copper and zinc and 
the occasional traces of vanadium might be ex
plained in either of two ways. All three could 
be associated with the manganese, or the vana
dium might have come in through the corrosion 
of a crucible, since it is a common impurity in 
clays .G On the other hand, the plant ashes used 
for preparing the potash ingredient must have 
been purified by leaching, and the alkali could 
have picked up copper and zinc from brass pots 
or other utensils used in that process. If the 
alkali had been prepared in lead-sheathed vats, 
that might also explain the presence of lead in 
the low-lime glasses. The alkali would have had 
to contain about one percent of lead to account 
for the 0.23 percent average rbO content of the 
glasses. It is possible that some lead was intro
duced accidentally through the use of high-lead 
cullet. (Recall, for example, the piece of high
lead glass, no. 4283, which was analyzed.) One 
would expect, however, that if scrap cullet was 
the source of the lead, that the lead contents 
would be more variable. 

In any ~vent, the most important point is 
that the lead and antimony are present, regard
less of how they got there, and may someday 
serve to differentiate the glass made at this fac
tory from glasses made elsewhere. Whether or 
not that hope materializes depends upon the 
outcome of analyses of glasses from other 
sources. 

There are two bodies of analytical data for 
American glasses at The Corning Museum, ex
cluding miscellaneous analyses of single ob
jects. One relates mainly to pressed glasses, but 
these objects are mostly lead glasses and differ 
too much in date for direct comparison with the 
Amelung fragments . (It might be noted in pass
ing, however, that even those which are not 
lead glasses are quite different from the Ame
lung compositions.) Of more immediate inter
est here is a group of twelve glasses from the 
Wistar factory. Among this suite of samples, 

6. In this connection there is an interesting quote in 
W . Rosenhain, Glass Manufacture, New York : D. Van 
Nostrand Company, 1912, p. 189. " . .. vanadium occurs 
in small proportions in a number of fireclay s, including 
some of those of the Stourbridge district, and glass 
melted in pots containing this element is liable to have 
its colour spoilt by taking up the vanadium from the 
clay." 

containing bottle fragments, cullet, and trail
ings, there are two somewhat different compo
sitions. The Wistar glasses can be distinguished 
from both Amelung compositions (the low-lime 
and high-lime groups) by four elements: cal
cium, sodium, lead, and antimony. There are 
other elements, too, which may be discrimi
nating. 

The Wistar glasses contain lead, but the con
centration is only of the order of O.OoX per
cent, markedly lower than in the fine Amelung 
glasses . Antimony was not detected. Actually, 
the Wistar analyses of bottle fragments are 
quite close to the composition of the stray sam
ple no. 346 from the Amelung site. Although 
the agreement is not perfect, the composition 
of that vessel fragment seems as close to the 
Wistar glass as it does to its Amelung com
panions, lending support to the supposition 
that this piece is an intrusion. 

The explanation of why there were two for
mulations in use at the factory can be seen from 
either of two viewpoints, both involving aes
thetic, technological, and economic factors . 
Seen from the viewpoint of what is known 
about glass compositions today, the low-lime 
compositions would be taken as the norm, and 
the high-lime compositions seen as unusual. 
The high-lime content made the glass appreci
ably harder, so that it would have stood up bet
ter under heavy usage and might have been 
more resistant to breakage, both of which are 
clearly advantageous properties for utilitarian 
wares . This was confirmed by the results of 
simple scratch tests on some of the analyzed 
glasses. These tests showed that the five glasses 
with the high-lime composition have a hard
ness somewhere between 6.5 and 7 on the 
Mohs hardness scale, while the glasses in the 
low-lime group have a hardness of about 5.5 
to 6. 7 A further advantage to the glassmaker 
was an economic one, for the high-lime com
position would have resulted from the use of 
a low-grade, impure potash as alkali. More 
expensive, purified potash would have been 
needed for the colorless and softer low-lime 

7 . The absolute values of the hardness values esti
mated may be in error, because of the nature of the 
tests, but the difference of approximately one unit (on 
the Mohs scale) between the two groups of gla sses is 
about right. 

227 

Brill, Robert H.  “Chemical Analyses of Amelung Glasses: III.  Chemical Analyses and Other Laboratory Studies...”  The Journal of Glass Studies vol. 18 (1976):  224-237.

Rakow Research Library, The Corning Museum of Glass - http://www.cmog.org



composition of the fine glass. 
Seen from a contemporaneous viewpoint, 

however, the situation takes a different twist. 
The period of this factory's operation began 
just at the time .that Lavoisier's revolutionary 
discoveries which set the foundation for our 
modern concepts of chemistry were gaining ac
ceptance. In fact, in the very month when Ame
lung was advertising his glass in the Maryland 
Journal and Baltimore Advertiser (February 11, 
1785), Lavoisier was demonstrating crucial ex
periments of The Chemical Revolution before 
a group of eminent scientists assembled in 
Paris for the occasion. 

It is clear that the glassmakers of the time 
would not have had the same understanding as 
we do of the compositions of their glasses. In
stead, they would have taken a purely empirical 
approach, thinking in terms of the properties 
of the glasses which would result from their 
choices of starting materials. What we call the 
high-lime group of glasses were really the norm 
of the day, and the low-lime glasses, which re
qUired the expensive, purified materials, were 
the speCialty glasses. But the formulation which 
led to the colorless glass had another equally 
important technological advantage. The fact 
that the glass was appreciably softer meant that 
it also could be cut and engraved more easily
not as easily as high-lead glasses, but certainly 
it was an improvement over the hard high-lime 
glasses. This practice should not be though~ of 
as being an innovation by Amelung or as bemg 
unique to the Amelung factory. It had probably 
prevailed for some two centuries previously in 
the glasshouses of Europe and England. 

Some approximate calculations have been 
made starting with the composite compositions 
given in Table 6 for the Amelung glasses. of 
the low-lime and high-lime groups. By makmg 
assumptions as to probable compositions of 
probable raw materials, it was estimated that 
the basic recipes used for preparing the batches 
could have been as follows: 

Sand 
Pearl ash 
Lime 
Decolorizing cullet 
Fining agent (7) 
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Best quality colorless 
glass for fine wares 

100 lb. 
40 lb. 
20 lb. 
lIb. 
2 oz. 

Sand 
Low-grade Potash 
Lime 
Decolorizing cullet 

Green glass for 
common wares and 

window glass 
100 lb. 

40 lb. 
20 lb. 

1 lb. 

The significance of these estimates is that both 
grades of glass could have been made by fol
lowing the same whole-number weight-pro
portion recipes with different grades of raw 
materials. In each case, some quantity of 
crushed cullet would also have been added to 
facilitate melting. The numbers calculated are 
admittedly conjectural and are presented here 
mainly as an illustration of the way in which 
archaeological chemists like to explore their 
data. 

Although the physical-properties studies 
have not been completed, there are some pre
liminary findings which aid in visualizing the 
working qualities of the two types of Amelung 
glass. Viscosity determinations have shown 
that both the low-lime and the high-lime 
glasses have similar, and very steep, viscosity
temperature curves.s In order to have gathered 
either glass it would have had to have been 
brought to a temperature of 1150-1200°C (log 
viscosity -3). The glasses would have gath
ered like a modern soda-lime glass, but would 
have begun to set up very quickly as they 
cooled, giving the glassblower a relatively short 
working time in which to finish his blowing, 
shearing, and other shaping operations before 
having to reheat the glass . Present-day glass
blowers would not like working with these 
glasses at all. The coefficients of expansion are 
not very different from modern soda-lime 
glasses, with the ordinary Amelung formula
tion being somewhat better on this count than 
the formulation used for the fine wares. Some 
of the estimated properties, based upon aver
ages of four glasses of each type, are: 

8 . The measurements reported here were made by 
Mr. Loren Morse and Mr. Eugene Fontana, both of 
Corning Glass Work's. For a discussion of viscosity
temperature relationships see: R. H. Brill, "A Note on 
the Scientist's Definition of Glass," Journal of Glass 
Studies, IV, 1962, pp. 127-138. 
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High-lime glasses 
Low-lime glasses 

Softening 
Point 
800°C 
820 0 

Eight of the excavated fragments reported 
here were also included among the nineteen 
fragments analyzed by Dr. Hanson.9 All eight 
of these glasses are of the low-lime type. They 
are nos. 337, 339,349,562,563,565,568, and 
572. In all, twenty-one elements were sought in 
common by the two laboratories. These include 
two major components (calcium and potassi-
um) and one minor component (manganese). 
The remainder, even if they are intentional ad-
ditives such as antimony and cobalt, are at 
trace levels. 

A comparison of the analyzed values for 
K20 and CaO shows that the agreement on 
four glasses (nos. 562, 563, 568, and 572) is 
satisfactory, but that the x-ray fluorescence 
data for the other four glasses (nos. 337, 339, 
349, and 565) are systematically lower than the 
atomic absorption-analyses. lo The x-ray values 
are consjstently about 60 percent of the atomic-
absorption values. For the most part, the agree-
ment on the trace elements is acceptable. In 
other instances, however, the agreement is 
poor, even taking into account that the two 
methods are only semi-guantitative at trace 
levels. Thus, the agreement between the two 
sets of data is not as good as one would like to 
have, but that can be improved in the future, 
and the two procedures should be brought into 
better cross-calibration as further comparative 
studies are made. Nonetheless, the analyses are 
generally in agreement in a gualitative sense, 
and each is self-consistent. For example, the 
agreement on lead, one of the important ele-
ments, is good guantitatively, and that on anti-
mony is good gualitatively. This matter has an 
important bearing on any attempts to compare 
the atomic-absorption/emission spectroscopic 
data for the excavated fragments (which have 

9. See Table 3 in the preceding section. 
10. This might be a result of geometry, because the 

samples in some cases are small and have curved or 
irregular surfaces. 

Annealing 
Point 
610 0 

640 0 

Strain 
Point 
565 0 

600 0 

Coefficient 
of Expansion 

(xl07 /oC) 
91 
77 

the advantage of containing information on the 
light elements) with the x-ray fluorescence data 
on the Amelung objects. With these reserva-
tions in mind, such a comparison has been at-
tempted. 

Table 6 contains data which allow a compari-
son between the documented Amelung objects 
analyzed by x-ray fluorescence at the Winter-
thur Museum and the excavated fragments 
analyzed by The Corning Museum using a 
combination of atomic absorption and emission 
spectroscopy. The data are composite composi-
tions consisting of mean values for each ele-
ment. The means were computed from ten 
objects in the case of the documented Amelung 
pieces,ll and nineteen glasses in the case of the 
excavated fragments. 

Adjustments were made in the fragment 
analyses to offset the effects of colorants or 
colorant-associated elements. Thus, the glasses 
of these groups are comparable on the basis of 
colorless glasses containing impurity trace ele-
ments. The lead and antimony values have been 
split so as to reflect the fact that both bodies of 
data contained these elements at two different 
levels. To have reported a single mean value 
would have been misleading. 

Of the twelve elements reported for x-ray 
fluorescence, ten agree either well or acceptably 
with the compositions of the low-lime frag-
ments. Only titanium and arsenic do not agree. 
The author is inclined to see the match as being 
guite persuasive towards the inference that the 
documented Amelung objects were made in the 
same factory which yielded the fragments-or 
at least in a closely-related factory. But the evi-
dence is not conclusive. The discrepancies in 
the arsenic and titanium analyses might be at-
tributable to experimental errors, or in the case 
of the arsenic, an intentional additive, it may 
have been used for only certain short periods. 

11. Analyses of parts of some objects were omitted, 
because they seemed suspiciously low in the reported 
K,O and CaO values, possibly because of problems of 
geometry. 
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The close match between the split means of 
the lead in the objects with those for the frag
ments is intriguing, recalling that the split may 
separate the objects made before 1790 from 
those made afterwards. 12 If it had turned out 
that the New Bremen factory fragments were 
all of the higher-lead content (the "early 
level"), then a straightforward interpretation 
would have been pOSSible. It could have been 
concluded that the higher-lead glasses were 
made there, that the factory did not reopen 
after the 1790 fire, and that the lower-lead 
glasses came from another (later) Amelung fac
tory. But that possibility is not borne out by the 
evidence, because both levels of lead are found 
among the New Bremen fragments. This prob
lem becomes quite complicated if one attempts 
to sort out all the possibilities, but the author 
has come to a tentative conclusion that two of 
the hypotheses involved are mutually exclusive 
(unless one assumes that the change in compo
sition occurred at about the time of the fire by 
coincidence). These hypotheses are (1) that the 
split in lead separates the pre-1790 glasses from 
the post-1790 glasses and (2) that the exca
vated factory did not reopen after the 1790 fire. 
However, the data are really too few at present 
to accept either one of these important hypoth
eses at the expense of rejecting the other. 
Therefore, the question should be held in re
serve. 

A minor flaw in the logic of comparison lies 
in the fact that the x-ray fluorescence data are 
lacking in light-element information. On the 
basis of the restricted number of elements in
cluded in Table 6, one might well find composi
tions matching the fragments-marginally so, 
at least-among the objects known not to be 
Amelung glass. Without detracting from the 
prowess of the x-ray fluorescence method in 

12. See Table 1, Section II. 
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any way, it is now recognized that data on such 
elements as sodium, magnesium, aluminum, 
phosphorus, and lithium are very useful for 
characterizing glasses. The situation is similar 
to that arising in the study of compositions of 
medieval stained glasses, where major- and 
minor-element contents are more useful than 
trace elements in characterizing glasses from 
different factories or periods. In addition, nei
ther method of analysis included determina
tions of sulfate or chloride, each of which is 
believed to be helpful for characterizing glasses 
in the potash :lime :silica system. 

Perhaps the best way to describe the au
thor's present feelings is to say that we now 
look forward to obtaining activation analyses 
of the pontil glass samples which may confirm 
the inference that the documented objects came 
from the excavated factory. In the meantime 
we shall continue the analyses of excavated 
materials (including additional glass speci
mens) and complete our research on the physi
cal properties and fluorescence behavior of 
Amelung glasses. HaVing gained encourage
ment from the results of this study, we shall 
also pursue more Vigorously the analysis and 
laboratory examination of other American 
glasses. 
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SAMPLE DESCRIPTIONS 

The primary entries are Analytical Sample Num-
bers of the Scientific Research Department of The 
Corning Museum of Glass. "AS" numbers refer to 
excavation field numbers, and Figure references are 
those in Mr. Noel Hume's section of the lou mal. 

Low-LIME GROUP 
Colorless Glasses 

337 Disk-shaped fragment. AS 67; after 
1785, before 1790. 

339 Knop (7). AS 94; after 1785, before 1790. 
344 Rim fragment, internal shattering. AS 

107; after 1785, before 1790. 
570 Goblet stem. AS 153B; ca. 1790. Fig. 39, 

No. 15. 
571 Hollow stopper. AS 125C; ca. 1790. Fig. 

39, No. 22. 
572 Handle (7) fragment. AS 135; topsoil, 

no dating. Fig. 40, No. 23 . 
4281 Solid stopper. AS 163A; topsoil, no 

dating . Fig. 39, No. 23. 
4282 Handle with pin cered decoration. AS 

125B; ca. 1790. Fig. 39, No. 28. 
562 Drippings. AS 142 (1963); topsoil, no 

dating. 
563 Knock-off. AS 94 (1963) ; after 1785, 

before 1790. 
565 Knock-off (7). AS 153B (1963); ca . 1790. 

Purple Glasses 
347 Thin fragment. AS 94; after 1785, 

before 1790. 
348 Rim fragment. AS 94; after 1785, before 

1790. 
362 Blown fragment. AS 25; topsoil, no 

dating 
568 Piece of cullet. AS 104 (1962); topsoil, 

no dating. 
Blue Glasses 

349 Heavy-walled fragment, blue streaks. 
AS 113; disturbed, no dating. 

363 Fragment. Structure lA, at mouth of 
furnace; unstratified. 

1821 Fragment. Structure 1A, at mouth of 
furnac!='; unstratified. 

The term colorless refers here to glasses which 
appear to have been decolorized. In some cases the 
colors vary somewhat from being "water-white" 
and show a smoky or faint purplish tinge. In the 
author's judgment, however, they were intended to 
be colorless . The purple color is synonymous with 
amethyst. 

HIGH-LIME GROUP 
Green or Aqua Glasses 

342 Window-glass (7) fragment. 
Unstratified. 

356 Knock-off. AS 1; topsoil, no dating. 
361 Piece of cullet. AS 35, Structure 1A; 

probably disturbed, no dating . 
365 Thin-walled, flat fragment. AS 33, 

Trench 1, east segment, burnt layer; 
possibly as late as 1795. 

Amber Glasses 
345 Thin-walled fragment. AS 105; 

probably disturbed, no dating. 

HIGH-LEAD GROUP 
Colorless Glasses 

4283 Stem base. AS 185; topsoil, no dating. 
Fig. 39, No. 12. 

INTERMEDIATE OR UNCERTAIN 
Colorless Glasses 

366 Blown fragment. AS 25, west of Unit 
1A; unstratified, no dating. 

Green or Aqua Glasses 
573 Molded fragment . AS 179; topsoil, no 

dating. Fig. 40, No. 27. 
4284 Tumbler base, molded pattern. AS 127; 

topsoil, no dating. Fig. 40, No. 14. 
Olive Glasses 

343 Bottle (7) fragment . AS 71; up to 
ca. 1795. 

Amber Glasses 
346 Flat window-glass or vessel fragment. 

AS 120; up to ca. 1795. 
Grayish-Opaque Glasses 

350 Piece of cullet or waste glass. 
Color may be due to devitrification . 
AS 105; probably disturbed, no dating. 
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TABLE 1 ANALYSES OF EXCAVATED FRAGMENTS 

Low-LIME GROUP* 

("FINE G LAS S") 

Colorless - 11 specimens 
Purple 4 specimens 
Blue 3 specimens 

HIGH-LIME GROUP* 

("COMMON GLASS") 

Greenish - 4 specimens 
Amber - 1 specimen 

INTERMEDIATE 

(MIXTURES OF ABOVE?) 

Amber - 1 specimen 
Aqua - 1 specimen 

HIGH-LEAD GROUP 

(MAJOR PhO) 

Colorless - 1 specimen 

UNCERTAIN 

(OFF-COMPOSITION LOW-LIME?) 

Colorless - 2 specimens 

UNCERTAIN 

(OFF-COMPOSITION HIGH-LIME?) 

Olive - 1 specimen 
Whitish opaque - 1 specimen 

* Categories based upon concentration groupings of ten discriminating elements : 
CaO, K,O, Na.O, MgO, AI,O" Fe,O" SrO, BaO, PbO, Sb,O,. 
p,O, and TiO, are partially discriminating. Li.O and Rb.O may be discriminating. 
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TABLE 2 • LOW-LIME GROUP (Colorless) 

SiO, d 
K,O a 
CaO a 

Na,O a 
MgO a 
AI,03 a 
Fe203 a 
TiO, 

Sb,O. 
MnO a 

CuO 
CoO 
Sn02 

PbO 

BaO 
SrO 
LbO 
Rb20 
B203 

V20. 
NiO 
Zr02 
Biz03 

P20" 

NOTES : 

a 

c 

337 339 

,,=,72.7 ,,=,75.8 

17.9 15.0 

7.99 8.29 

0.3 0 .1 
0.12 0.068 
0.2 0.2 
0.05 0.05 
0.02 0 .02 

0.008 O.OOS 
0 .29 0 .27 

0.001 
nf 
nf 

0.25 

0.01 

0.01 
0.04 

0.03 

0 .005 
nf 

nf 

0.001 
nf 
nf 

0.10 

0.02 

0.02 
0.03 

0.02 

0 .003 
nf 

nf 

344 

,,=, 72.2 

17.8 
8.70 

0.5 
0.10 
0.2 

0 .10 
0 .02 

0 .01 
0.25 

0 .003 
nf 
nf 

0.10 

0.03 
0 .02 

nf 

0.02 

nf 
nf 

nf 

570 

,,=,71.5 

17.3 
9.24 

0.25 
0.069 
0.34 
0.15 
0.08 

0 .05 

0.67 

0.003 

nf 
nf 

0.15 

0.09 
0.02 
0.001 
0.03 
0.02 

0 .005 
nf 

0.01 
nf 

0 .050 

nf 

571 

,,=,73.5 

16.0 
9.01 

0.33 
0.059 
0.31 
0.11 

0.05 

0.02 

0.39 

0.001 
nf 
nf 

0.005 

0.03 
0.01 

<0.001 
0.02 
0.02 

nf 
nf 

0 .01 
nf 

0.092 

0.06 

572 

,,=,75.0 

13.6 
9.01 

0.31 
0.073 

0.44 
0.18 

0.08 

0 .15 
0.55 

0.004 
nf 
nf 

0.46 

0.03 
0.01 

<0.001 
0 .01 
0.02 

nf 
nf 

0.01 

nf 

0.060 

0.06 

a = by atomic absorption, unless reported to only one significant figure 
c = by colorimetry 
d = SiO, estimated by difference 

All other values by emission spectroscopy. 
- = not sought or analysis uncertain 

4281 

,,=,73.5 

15.2 
9.69 

0.28 
0.076 

0.38 
0 .13 
0 .10 

0.01 

0.44 

0.003 
nf 
nf 

0.05 

0.02 
0.01 

0.003 
0.02 

0.05 

0.005 
nf 

0.01 

nf 

0.078 

nf 

4282 

"='74.1 
15.2 

8.87 

0.47 
0 .062 

0.35 
0 .10 
0.08 

0.15 
0.30 

0.003 
nf 
nf 

0.16 

0.01 

0.01 
0.003 
0.05 
0.05 

nf 
nf 

0 .01 
nf 

0.054 

nf 

Sought but not found: Cr,O" Ag,O. All samples appear to contain a trace of ZnO above level of blank. 

562 

,,=,68.1 

17.7 
10.5 

0.28 

0.094 
0.58 
0.18 
0.08 

nf 
0.45 

0.003 
nf 

0 .001 

0.67 

0.03 
0.02 
0.008 
0.02 
0.02 

nf 
nf 

0.01 
nf 

0.51 

0.70 

All analyses my Dr. Robert H. Bell and co-workers of Lucius Pitkin, Inc., New York City, December 1971 and 
February 1976. There are some discrepancies in trace elements between the 1971 and the 1976 analyses. 

563 

,,=,71.9 

16.1 
9.82 

0.28 

0.074 
0.40 
0.11 
0.06 

0.02 
0.21 

0 .002 

nf 
nf 

0.38 

0.01 

0.01 
0.004 
0.01 
0.02 

nf 
nf 

0.01 
nf 

0.31 

0.23 
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565 

"='75.1 
16.0 

7.08 

0.37 

0.078 
0.49 
0.16 
0.06 

nf 
0.46 

0.004 
nf 
nf 

0.002 

0.04 
0.01 

nf 
0.02 

0.02 

nf 
nf 

0.01 
nf 

0.12 

nf 
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TABLE 3 • LOW-LIME GROUP (Colored) HIGH LEAD 

Purple Purple Purple Purple Blue Blue Blue Colorless 
347 348 362 568 349 363 1821 4283 

SiO. d ",69 .9 "' 71 .5 "'68.2 "'69.6 "'72.1 ",72.7 ",72.0 ",57.3 

K20 a 15.8 15.4 15.7 15.2 15.5 15.3 15.8 7.48 

CaO a 9 .86 7.90 10.8 9 .34 8 .52 9.72 10.2 0.33 

Na.O a 0.3 0 .2 0.3 0.34 0.35 0 .3 0.4 0 .09 

MgO a 0.10 0.10 0.17 0.42 0.090 0.096 0.15 0 .014 

AbO. a 0.5 0.7 0.4 0.83 0.43 0 .5 0 .3 0 .24 

Fe203 a 0 .1 0.3 0.1 0.34 0.51 0 .3 0.1 0.055 

Ti02 0 .02 0 .02 0.01 0.06 0.05 0 .05 0 .05 0.05 

Sb20S 0.05 0 .005 0 .05 nf 0 .04 0.10 0 .05 0 .01 

MnO a ",2 "'3 "' 3 3 .19 0 .62 0.33 0.38 0.10 

CuO 0 .01 0.009 0.009 0 .008 0.01 0.005 0 .009 0 .02 

CoO nf nf nf nf "'0.4 "' 0.03 "' 0.03 nf 
Sn02 0.01 0.01 <0.001 nf nf 

Ag.O 0.08 

PbO 1.0 0.5 0.8 0.06 0.04 0.5 0.4 a 34 .2 

BaO 0.35 0.33 0 .35 0.35 0 .05 0.05 0.10 nf 
SrO 0.02 0.01 0 .02 0 .03 0 .01 0.01 0.02 nf 
LbO nf 0.01 nf 0.004 0 .005 nf nf 
Rb.O 0 .04 0.02 nf 
B.O. 0.03 0 .03 0 .03 0 .02 0.02 0.03 0.01 0.05 

V.Os 0 .005 nf 0.02 0.02 nf nf nf nf 
NiO 0.01 0 .01 0 .008 0.06 nf 
Zr02 0.01 0.01 

Bb03 nf nf nf 0.001 0.042 0.004 0.003 nf 

P,O. <1 <1 <1 0 .12 0.40 <1 <1 0.030 

AS20s nf 0 .76 0.02 

234 

Brill, Robert H.  “Chemical Analyses of Amelung Glasses: III.  Chemical Analyses and Other Laboratory Studies...”  The Journal of Glass Studies vol. 18 (1976):  224-237.

Rakow Research Library, The Corning Museum of Glass - http://www.cmog.org



TABLE 4 • HIGH-LIME GROUP 

Green Amber Green Green Green 
342 345 356 361 365 

Si02 d ",,69.1 ",,65.9 ",,67.1 ""65.B ~6B.B 

K20 a 5.BO 7.24 5.34 4.70 5.52 
CaO a 1B.6 1B.7 20.6 20.6 19.3 

Na20 a 0.94 1.02 1.06 2.B4 1.52 
MgO a 1.22 1.74 1.24 1.14 1.27 
AI20a a 1.72 2.59 1.90 1.90 1.17 
Fe20a a 0.7 O.B 0.7 0.72 0.6 
Ti02 0.20 0.20 0.25 0.60 0.13 

Sb205 nf nf nf nf nf 
MnO a 0.29 0.41 0.33 0.62 0.29 

CuO 0.001 0.002 0.002 0.004 0.002 
CoO nf nf nf nf nf 
Sn02 nf nf 0.06 0.003 nf 

PbO a nf nf nf 0.002 0.02 

BaO 0.25 0.30 0.30 0.25 0.20 
SrO 0.10 O.OB 0.15 0 .07 0.10 
LbO nf 0.01 nf O.OOB nf 
Rb20 nf 
B20a 0.03 0.02 0.04 0 .02 0 .03 

V20. 0.005 0.005 0.005 0.005 0 .005 
NiO nf nf nf 0.005 nf 
2r02 0.01 0.01 
BbOa nf nf nf nf nf 

P20. c ~1 ~1 ~1 0.6B ",,1 

AS20S nf 
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TABLE 5 . INTERMEDIATE AND UNCERTAIN 

Mixture ? Low-lime Group? High-lime Group? 

Aqua Amber Colorless Colorless Olive Opaque 
573 346 366 4284 343 350 

SiO, d ,,=, 67.5 ,,=, 66.6 ,,=, 68.7 ,,=,64 .2 "=' 62.7 ,,=, 61.2 

K,O a 12.1 12.3 17.5 16.3 3.11 3 .97 

CaO a 14.9 15.3 11 .2 13.1 21.4 21.6 

Na20 a 2 .26 0 .70 0 .91 0.42 1.06 0.10 

MgO a 0 .63 0 .79 0.52 0 .14 3 .64 2 .60 

AhO" a 1.15 1.51 0.58 0 .81 3 .53 6 .30 

Fe,O" a 0 .50 0.5 0 .18 0 .22 1.5 1 .2 
TiO, 0.25 0 .12 0 .10 0 .13 0 .25 0 .65 

Sb,O, nf nf nf nf nf nf 
MnO a 0 .28 0.82 0.12 0 .89 0.57 0.41 

CuO 0 .004 0 .004 0 .003 0.005 0 .008 < 0.001 

CoO nf nf nf nf nf nf 
Sn02 nf nf 0 .001 nf 0 .06 nf 

PbO a 0 .001 0 .02 nf 2.49 0.12 nf 

BaO 0.08 0.23 0 .03 0 .25 0.33 

SrO 0.05 0.05 0.01 0.02 0 .20 0 .13 

LbO 0.001 nf 0.005 0 .002 0.01 0.01 

Rb,O 0.01 0 .02 0 .01 

B20 " 0.02 0.03 0.02 0.02 0 .07 0.02 

V20 , 0 .005 0.005 nf nf 0.005 0.008 

NiO nf nf nf nf nf nf 
ZrO, 0.01 0.01 0 .01 0.03 0.01 

Bi20" nf nf nf nf nf nf 

P,O, c 0.23 1 0.13 0.37 ,,=, 1.5 ,,=, 1.5 

AS20 , nf nf 0 .87 
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TABLE 6 • COMPARISON OF MEAN COMPOSITIONS 

Winterthur CMG 
(XRF) (AA & Spect.) 

Documented Fragments, 
Amelung Objects Low-Lime Group 

(10 glasses) 

Si02 d 72.5 
K,O 16.5 
CaO 9.95 

Na20 
MgO 
AbOa 
Fe20a 0.19 
TiO, 0.016 

Sb20, 0.16 
MnO 0.46 

CuO 
CoO 
Sn02 

PbO 0.01 or 0.35 

BaO 0.046 
SrO 0.017 
LbO 
Rb20 0.012 

B203 
Y20a 0.005 
V,O, 
NiO 
Zr02 0.009 
Bb03 

P20. 

AS205 0.009 

SUM 100.0 

NOTES: 

** Indicates good agreement. 
* Indicates acceptable agreement. 

(?) Indicates poor agreement. 

** 
* 

* 
( 7) 

* 
** 

** 

* 
** 

* 

** 

(7) 

t Excludes colorants and colorant-associated elements. 
d All SiO, values estimated by differences. 

(14 glasses)t 

72.9 
16.0 

9.05 

0.32 
0 .086 
0.37 
0.12 

0.06 

0.01 or 0.09 
0.40 

0.003 
nf 
nf 

0.02 or 0.32 

0.030 
0.014 
0.007 
0.022 
0.025 

0 .001 
nf 

0.01 
nf 

0.18 

0.20 

100.1 

CMG 
(AA & Spect.) 

Fragments, 
High-Lime Group 

(5 glasses) 

67.3 
5.72 

19.6 

1.48 
1.32 
1.86 
0.70 
0 .28 

nf 
0.39 

0.002 
nf 

nf or 0.06 

nf or 0.01 

0 .26 
0.10 
0.004 

nf 
0.03 

0.005 
nf 

0.01 
nf 

0.7 

nf 

99.8 
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