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BOHEMIAN GARNETS AS DECORATIVE
MATERIALS FOR GLASS VESSELS FROM THE
LATE SIXTEENTH TO EARLY EIGHTEENTH
CENTURIES

Karl Schmetzer, Hans Albert Gilg, and Hans-J6rg Ranz

The decorative craft of setting cut garnets on colorless or yellow glass vessels was invented by Claudius vom Creutz
in the Imperial City of Nuremberg circa 1591. The legal context surrounding development of the technique can be
traced through details set forth in imperial privileges (which were similar in effect to modern patents) from 1591,
1653, and 1714, and in relevant historical literature, particularly in books summarizing decisions of the Nuremberg
administration and the imperial administration in Prague and Vienna.

Two glass vessels in the collections of the Bavarian National Museum in Munich and the Passau Glass Museum
(Passau, Germany) are adorned with red stones using a technique attributed to Creutz. These were examined at the
museums using a portable X-ray fluorescence analyzer, and it was found that rose-cut Bohemian garnets were affixed
by layers of reddish brown or yellow lead glass to the bodies of the engraved glass goblets. This process entailed
using heat to melt the lead glass, which simultaneously heated the garnets and the glass objects to temperatures
below melting point. A second glass goblet from the Passau collection was decorated with red glass stones imitating

Bohemian garnets.

topped doublets, are known to most gemolo-

gists. These doublets consist of a thin layer or
slice of almandine garnet fused to a body of colored
glass. The color of the glass pavilion (e.g., green, blue,
or yellow) dominates the color of the composite stone,
and the red color of the garnet slice, representing the
crown, has only little influence upon the doublet’s col-
oration (Michel, 1926; Webster, 1964; Webster and An-
derson, 1983). Such materials appeared in large
quantities on the market in the 1920s but, according
to Burdet (1925), were already being produced in the
1840s in the French Jura north of Geneva.

The present study describes another composite of
glass and garnet, which was produced from the end
of the sixteenth century to the first decades of the
eighteenth century—more than two centuries before
the manufacture of “modern” garnet-glass doublets

G arnet-glass doublets, also designated as garnet-
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started. In particular, this article describes the history
and production of a composite consisting of faceted
Bohemian garnets attached to glass goblets and glass
beakers for decoration.

The Bavarian National Museum in Munich
houses such a lidded goblet (figure 1), decorated with
faceted red stones, described as garnets by Riickert
(1982). It is stated that the goblet was donated to the
museum’s collection in 1960 from the estate of the
Munich medical doctor Heinrich Brauser (1872-
1959). The goblet was purchased by Brauser in 1926
from a Munich art gallery; for more details on
Brauser and his glass collection, see Riickert (1962)
and Pfeiffer (1977).

The goblet shows an engraving of a hunting scene
with two hunters and several animals in a forest and
is dated, based on the hunters’ attire and the rose cuts
of the garnets, to the 1630s or 1640s. Riickert (1982)
also mentions that the decoration of glass objects
with garnet is originally related to the Nuremberg ar-
tisan Claudius vom Creutz, who had, according to
Riickert, obtained an imperial privilege for this tech-
nique in the first decade of the seventeenth century.
Clues to the goblet’s origin in Nuremberg and the
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Figure 1. Lidded goblet from the collection of the
Bavarian National Museum in Munich, embellished
with red Bohemian garnets. Inventory no. 60/74,
height 17.7 cm. Photo by Bastian Krack; courtesy of
Bavarian National Museum in Munich.

process developed by Creutz are also given by other
authors (Bernt, 1950; Fuchs, 1959; Meyer-Heisig,
1963). In contrast, Zelasko (2014) dates the lidded
goblet from the Munich collection to 1655 and as-
signs its origin to glassworks in Lower Silesia (now
Poland), but without a detailed substantiation of this
new provenance. Zelasko (2014) also incorrectly
identified the red decorative materials as glass imi-
tations, when they were in fact red garnets.

In an anthology of artists and craftspersons related
to the Imperial City of Nuremberg (Grieb, 2007a),
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Claudius vom Creutz (also “von Creutz,” “Kreutz,”
“Creuz,” or “de la Croix” in various documents) is
listed as a gemstone cutter and horologist. It is men-
tioned that he trained several cutters in Nuremberg,
and he is described in a portrait (figure 2) as the first
garnet setter (Cranaten Sezer) in that city. The index
of artistic crafts in Grieb (2007b) mentions within
the group of gemstone cutters, seal engravers, and
goldsmiths several professions that still exist such as
diamond cutter, ruby cutter, and garnet cutter, but
also “garnet rose setter,” a craft that is obsolete.
The present article seeks to elucidate the use of red
Bohemian garnet to decorate glass objects, a technique
invented by Creutz in the latter sixteenth century.
Furthermore, the authors present a brief overview of
Creutz and the imperial privileges granted to him and
his successors. Such imperial privileges are compara-

Figure 2. Portrait of gem cutter Claudius vom Creutz,
designated as the first garnet setter in the city of
Nuremberg. Copper engraving by Johann Paul Zieger,
Nuremberg, seventeenth century. Courtesy of the Ger-
manic National Museum in Nuremberg (signature
MP 5071, Kapsel-Nr. 72).

CLAVDIVSVON CREUZ DER ERSTE. CRANATEN |
SEZERIN NURNBERG
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ble to modern patents. However, these privileges were
granted by grace of the emperor rather than by general
law and were specific to each invention and inventor.
For this study, the method applied for attaching gar-
nets to the glass substrate was also examined by mi-
croscopic and analytical techniques and is explained
with the help of these results.

The use of Bohemian garnet for jewelry and other
decorative objects is known since the migration pe-
riod in Europe from about 400 to 600 CE (e.g., Quast
and Schiissler, 2000; Gilg et al., 2015). Most garnets
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Figure 3. Extraction and
processing of Bohemian
garnets in the nine-
teenth century: (1) dig-
ging at the surface,

(2) retrieving garnet-
bearing soil or gravel
from deeper levels and
sieving, (3) washing to
remove soil, (4) sorting,
(5) cutting, (6) polishing,
and (7) a view of the
cutting table. From
Gareis (1884).

originate from secondary deposits, where they can be
easily removed from the garnet-bearing soil or gravel.
The methods for digging and cutting at the end of the
nineteenth century (illustrated in figure 3) appear to
be more or less identical to the techniques applied in
the centuries before.

CLAUDIUS VOM CREUTZ

Sources. Two main sources review original documents
related to events in the life of Creutz: the decisions of
the council of the Imperial City of Nuremberg

Gems & GEMOLOGY WINTER 2023



(Hampe, 1904) and the yearbooks of the art historical
collections of the imperial family (Graf zu Traut-
mannsdorff-Weinsberg, 1889, 1894; Graf von Abens-
berg und Traun, 1898). An anonymous compilation of
all crafts in Nuremberg at the time (Von Ursprung und
Herkom[m]en samt Beschreibung aller Hand Wercker
in der Stadt Niirnberg, ca. 1700) dedicates one page (see
figure 4) to Creutz and the professions of garnet rose
setter and garnet cutter. Two handwritten copies of the
treatise are kept in different archives in Nuremberg

In Brief

* Rose-cut Bohemian garnets were attached as decora-
tive materials to the surfaces of engraved glass vessels
by thin layers of low-melting-point lead glass.

e The technique was invented around 1590 by Claudius
vom Creutz in Nuremberg and continued to be used
through the first decades of the eighteenth century.

e Legal rights governing use of the technique, known as
privileges, were granted to citizens of Nuremberg by
Emperor Rudolf Il and his successors.

(see also a second copy of the book, titled Von Ankunft
und Herkommen aller Handwerker, so in der Stadt
und Landwehr Niirnberg wohnhaft, 1719). A file of
Creutz’s privileges with documents from 1591 to 1600
is kept in the Austrian State Archives in Vienna.! Fur-
ther dates from his life are found in Thieme (1913) and
on the “Astronomy in Nuremberg” website (www.as-
tronomie-nuernberg.de).

'File: Creutz Claudius, Niirnberg, erhdlt das Privileg bohmische
Granaten zu farben und zu schneiden (1591). Signature: AT-
OeStA/HHStA RHR Grat Feud Gewerbe-, Fabriks- und Handlung-
sprivilegien 2-2-14.
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Figure 4. Coat of arms for
the crafts of the “garnet rose
setter” (left) and “garnet cut-
ter,” from the handwritten
descriptions of all crafts in
the Imperial City of Nurem-
berg around 1700. From Von
Ursprung und Herkom[mlen
samt Beschreibung aller
Hand Wercker in der Stadt
Niirnberg (ca. 1700). Cour-
tesy of the Germanic Na-
tional Museum in
Nuremberg (signature
Merkel Hs 2° 981).

Summary of Events (see table 1 and Schmetzer et
al., 2024). The first document to mention Creutz in
the Imperial City of Nuremberg is dated 1572 and
refers to a textile merchant. A first marriage was re-
ported in the same year, and a second is known
from 1588. Creutz was Calvinist, and several docu-
ments mention that he descended and migrated
from France, though his place and date of birth are
unknown.

TABLE 1. History of garnet setting on glass objects.

1572 C. vom Creutz is mentioned as a textile

merchant in the city of Nuremberg

1584, 1588, 1589 Various privileges of the city of Nuremberg
are granted to Creutz

1591 The privilege of Emperor Rudolf 11 is granted

to Creutz

Privileges of the city of Nuremberg are
1598

extended

The privilege of Emperor Rudolf Il is
1600

extended
1604 Death of Creutz

Transfer of the imperial privilege to V.
Fischer, whose son J.T. Fischer later sells the
rights to G. Schiirstab (all from Nuremberg)

1610s to 1620s

Renewal of the privilege by Emperor

1653 Ferdinand Ill to G. Schiirstab

1714 Renewal of the privilege by Emperor Karl VI
to J.J. Vogel and J.P. Rotgédngel of Nuremberg

1720 Five master craftspersons are still working in

Nuremberg as garnet rose setters

Gems & GEMOLOGY WINTER 2023 435



‘“"W¢ Aty m\nJ‘(

“5?

ffes 2 L flm{t \vm- &.: b

£ "S‘M.&u.%.‘ 01‘,
AT i e

Figure 5. Signature from the petition of Creutz, “citi-
zen and gem cutter from Nuremberg,” to Emperor
Rudolf II. The petition is dated July 17, 1591. Couzr-
tesy of the Austrian State Archives in Vienna (see
footnote 1).

In 1584, Creutz applied for a privilege related to a
tool for cutting Bohemian garnets, which was granted
by the Nuremberg Council. At the time, the issue of
local privileges by a city was an exception in the his-
tory of laws, at least in Germany. A further privilege
was issued in 1588 for the cutting of rock crystal and
jasper. The technical details of these inventions and
their advancements to the state of art are unknown.
A third local privilege, issued in 1589, referred to the
“setting of rose cut garnets.”

In May 1591, Creutz petitioned Emperor Rudolf II
(1552-1612, 1. 1576-1612), residing in Prague, to grant
a privilege for the same topic (figure 5). The applica-
tion mentions four steps of production: cutting, com-
posing, setting, and melting (i.e., attaching by melting
an intermediate lead glass fixation layer) of Bohemian
garnets on colorless or yellowish glass. Further details
about the technique are not given, but it is mentioned
that examples of embellished glasses accompanied
the petition. The privilege was granted by grace of the
Holy Roman Emperor in August 1591 for a term of
eight years.

Between 1598 and 1600, Creutz petitioned the
Nuremberg Council and the emperor for extensions
of his privileges, and the Nuremberg Council also in-
tervened on his behalf at Prague. Extensions were
granted from the Nuremberg Council in 1598 and the
emperor in 1600, whereby Creutz was even able to
extend the privilege to his wife and sons and to in-
clude a cutting tool.

Creutz educated several apprentices in his tech-
niques for cutting and setting garnets. If these ap-
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prentices wanted to work independently, they could
attain licenses against payment. Creutz took action
several times against infringements of his rights, and
Nuremberg craftspersons who copied his art and
techniques were forced to pay penalties (Pohlmann,
1961).

It is said that Creutz became wealthy from his
craft but died poor due to an extravagant lifestyle.
After his death in 1604, his privileges were trans-
ferred to his three underage sons and their rights
were exercised by their guardians, according to nu-
merous documents from 1605 to 1611.

SUCCESSORS OF CREUTZ

Sources. A file containing documents about the ex-
tension of Creutz’s privilege to Georg Schirstab in
1653 is available from the Austrian State Archives in
Vienna,?> and a document related to this legal act is
preserved at the Germanic National Museum in
Nuremberg? (figure 6). A further extension was issued
in 1714 for Johann Jacob Vogel and Johann Paul Rot-
gingel. The file for this act is found in the Austrian
State Archives in Vienna,* and a related document is
kept in the Historical Archives of the City of Nurem-
berg® (figure 7).

Summary of Events (see table 1 and Schmetzer et al.,
2024). After Creutz’s death, the rights were trans-
ferred to Valentin Fischer, who had been taught the
technique of cutting and setting garnets by Creutz.
Upon Fischer’s death in 1621, the rights were inher-
ited by his son Johann Thomas Fischer, who sold the
privilege to Georg Schiirstab at Ntirnberg. In 1653, the
privilege was renewed by Emperor Ferdinand III
(1608-1657, 1. 1637-1657). A further extension of the
privilege was issued by Emperor Karl VI (1685-1740,
r. 1711-1740) for Johann Jacob Vogel and Johann Paul
Rotgingel in 1714.

The detailed text of the imperial privilege from
1714 shows a broad application to all glass objects

*File: Schirstab Georg zu Niirnberg, erhilt Privileg Bohmische
Granaten zu versetzen (1653). Signature: AT-OeStA/HHStA RHR Grat
Feud Gewerbe-, Fabriks- und Handlungsprivilegien 9-2-9.

3File: Privileg fiir Georg Schiirstab (1653). Signature: SB-URO Or.
Perg. Dated October 1, 1653.

“File: Vogel Johann Jakob und Rothgdngel Johann Paul erhalten Privi-
leg die bohmischen Granaten zu schneiden, zu versetzen und zu
verkaufen (1714). Signature: AT-OeStA/HHStA RHR Grat Feud
Gewerbe-, Fabriks- und Handlungsprivilegien 11-2-3.

SFile: Kaiserliches Privileg Vogel/Rothgangel von (1714). Signature: A
1 Nr. 1714-06-10 GF.
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Figure 6. Emperor Ferdinand III’s privilege for Georg Schiirstab, 1653. Courtesy of the Germanic National Museum

in Nuremberg (see footnote 3).

decorated with Bohemian garnet, including their pro-
duction and commercial distribution. The privilege
was valid for all principalities and imperial cities
within the Holy Roman Empire. All princes, digni-
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taries, and officials were requested to uphold the
rights of privilege holders. Penalties for infringements
of these rights were also quoted. Such rights could be
transferred to all descendants or heirs of the owners.

Sicill

1 Boljeinub

Figure 7. First page of
the privilege of Emperor
Karl VI for Johann
Jacob Vogel and Johann
Paul Rotgingel, 1714.
Courtesy of the Histori-
cal Archive of the City
of Nuremberg (see foot-
note 5).
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It is mentioned that the privilege was intended to
deter the production of objects of low quality.

If we compare the various texts of documents is-
sued from the late sixteenth to early eighteenth cen-
turies, it is worth mentioning that the description of
the technique applied is almost identical to Creutz’s
original wording, and no further technical details
were added in later applications or privileges. Within
these descriptions, no details are provided on how
the faceted Bohemian garnets were affixed to the
glass substrate.

In 1720, there were still five master craftspersons
with the title of “garnet rose setter” working in
Nuremberg, but this profession became extinct in
the second half of the eighteenth century (Gatterer,
1790). The decline of garnet setting on glassware co-
incided with the decline of the art of glass engraving
in Nuremberg, as described by Hampe (1919).

MATERIALS AND METHODS

Glass goblets and beakers embellished with Bo-
hemian garnets are extremely rare. We are aware of
the sample owned by the Bavarian National Mu-
seum, inventory no. 60/74 (figure 1 and figure 8; see
Riickert, 1982, Zelasko, 2014) and a glass beaker pre-
served in the Passau Glass Museum, inventory no.
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Figure 8. Lidded goblet
from the collection of
the Bavarian National
Museum, embellished
with red Bohemian gar-
nets. Inventory no.

\ 60/74, height 17.7 cm.
Photos by Bastian
Krack; courtesy of
Bavarian National Mu-
seum in Munich.

Ho6 67867 (figure 9). This beaker was described by
Zelasko (2014) as originating from glassworks in
Lower Silesia and dated to 1655. The beaker was
purchased in 1993 at an art auction, according to
Peter Holtl from the Passau Glass Museum. The
decoration of the Munich goblet originally consisted
of 60 red stones on the body and 45 red stones on the
lid, while the decorative pattern of the Passau beaker
featured 44 red stones. These two decorated and en-
graved glass objects were examined in the present
study.

Another glass goblet associated with the tech-
nique developed by Creutz (Stehlikova, 2004) is pre-
served in the Czech National Museum in Prague, but
this example was not available for examination.

The Passau Glass Museum also houses numerous
examples of goblets and beakers set with red (and also
green) decorative materials, some of which are rose-
cut red glass imitations of garnet. For comparison, we
selected one of these samples, a lidded goblet, inven-
tory no. Ho6 71145 (figure 10), which was attributed by
Zelasko (2014) to glassworks in Lower Silesia and
dated to the first quarter of the eighteenth century.

The three decorated glass vessels were examined
on the museum premises in Munich and Passau. In
an initial visual inspection, we numbered each gar-
net and the positions of missing decorative materials

Gems & GEMOLOGY WINTER 2023
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Figure 9. Beaker from
the collection of the
Passau Glass Museum,
decorated with red Bo-
hemian garnets. Inven-
tory no. H6 67867,
height 9.8 cm. Photos
courtesy of P. Holtl,
Passau Glass Museum.
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on photos of the glass objects, noting particularly the
gem cutting styles (see figures 8 and 9). Next, the
three samples were chemically analyzed using a
portable Bruker Tracer III-SD energy-dispersive X-ray
fluorescence (EDXRF) analyzer (figures 11 and 12).
The instrument is equipped with a rhodium anode,
a silicon drift detector with a resolution of 147 eV at
10,000 cps, and a portable vacuum pump system.
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Figure 10. Lidded gob-
let from the collection
of the Passau Glass
Museum, embellished
with red and green imi-
tation stones made of
lead glass. Inventory
no. H6 71145, height
8.5 cm. Photo courtesy
of P. H6Itl, Passau
Glass Museum.

The spot size of the primary beam is about 2 x 3 mm.
We used two analytical conditions for the measure-
ment. The first setup, with an accelerating voltage of
15 kV and a beam current of 25 pA under vacuum,
was used to analyze the light elements of interest
(magnesium to iron; note that sodium cannot be de-
tected with this method and could also be present in
the glasses). The second setup was used for the ex-
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amination of heavier elements with 40 kV and 30 pA
using a yellow filter (thicknesses of 0.001 mil tita-
nium and 0.012 mil aluminum) that eliminated the
weak Bragg peaks in the spectra. The acquisition
time was 30 seconds for each spectrum. We meas-
ured twelve garnets in Munich and eight garnets in
Passau, as well as three red glass imitation stones on
the goblet from Passau (figure 10).

Figure 11. Examination
of the lidded goblet in
the research and conser-
vation rooms of the
Bavarian National Mu-
seum using a portable

W X-ray fluorescence ana-
Iyzer. Photos by K.
Schmetzer.

In some areas of the glass objects, the red decora-
tive materials were lost, but residues of a reddish
brown (Munich) or yellow (Passau) fixation layer
were left behind. Therefore, we were able to perform
a three-part series of examinations, in which the pri-
mary X-ray beam was directed at (1) the glass goblets
or beaker alone, (2) the glass and residues of the fixa-
tion layers, and (3) the glass and the fixation layers

Figure 12. Examination of the beaker (left) and the lidded goblet (right) in the exhibition rooms of the Passau
Glass Museum using a portable X-ray fluorescence analyzer. Photos by K. Schmetzer.

BOHEMIAN GARNET DECORATING EARLY GLASS OBUECTS

Gems & GEMOLOGY WINTER 2023 441



together with the red decorative materials. Three to
four such rounds of examination were performed for
all three engraved glass vessels.

In addition to X-ray fluorescence analysis, we ex-
amined the garnets, the fixation layer, and the under-
lying glass of the Munich goblet using Olympus BX51
and Leica M205 C microscopes and a portable Enwave
EZRaman-N-785-B spectrometer. The spectrometer
works with a fiber-optic system; the laser wavelength
applied was 785 nm at an energy of 300 mW, with a
measurement range from 100 to 3300 cm™ and a spec-
tral resolution of 7 cm™. The acquisition time was 50
seconds for each spectrum, and we always averaged
10 measurements. Again, several series of Raman
spectra were obtained for (1) the glass goblet alone, (2)
the glass and residues of the fixation layers, and (3)
the glass and the fixation layers together with the red
decorative materials. We analyzed the same spots that
had been measured by EDXRE.

442 BoHEMIAN GARNET DECORATING EARLY GLASS OBJECTS

Finally, to test the Munich goblet’s reddish brown
fixation layers for stability and the presence of organic
materials, these layers were brought into contact with
a hot needle and examined microscopically. Again we
examined the same spots measured by EDXRE.

RESULTS

Examination of the Lidded Goblet in Munich. En-
graved Glass Body. A microscopic examination of the
lidded goblet from the Munich collection showed that
the edges of the glass engraving are slightly rounded.
This resembles previous observations made on en-
graved glasses that have been heat treated after en-
graving, commonly known as fire polishing of glass.

Decoration. The decoration of this goblet consists of
transparent rose-cut stones of either groups of 4 mm
stones surrounded by 3 mm stones or single 3 mm

©  Figure 13. A and B:
Rose-cut garnets deco-
rating the lidded goblet
from the collection of
the Bavarian National
Museum. The diame-
ters are 4 mm (center

. stone) and 3 mm (sur-

-~ rounding stones) in A

and 3 mm in B; photos

by H.A. Gilg. C: Dia-
gram of the most com-
mon cut observed for
the garnets in Munich.

D: A small proportion

of the garnets showed

somewhat larger cen-
tral squares.
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stones (figure 13, A and B). The cut of all the stones
was identical, with four-fold symmetry—i.e., four
square facets in the center, each adjacent to four
outer quadrilateral facets (figure 13, A-C). In general,
the girdles of the rose-cut stones were rounded.
Three stones showed an identical cut but different
facet proportions, with relatively large central
squares and relatively small outer facets (figure 13D).
No inclusions or indications of heat treatment were
observed in the red decorative materials at the mag-
nification applied (up to 100x).

Fixation Layer. On the surface of this goblet, espe-
cially at locations with missing red decorative gar-
nets, we observed residual masses of a reddish brown
substance that was partly transparent and partly
opaque (figure 14). The residual material showed an
uneven distribution on the surface of the underlying
glass substrate. The same reddish brown substance
was also observed between the rim of the red deco-
rative stones and the underlying glass (figure 13B), es-

Figure 14. Residues of
the reddish brown fixa-
tion layer on the glass
substrate of the lidded
goblet in Munich; the
diameters of the reddish
brown residual materi-
als measure 4 and 3
mm (left, center and
bottom, respectively)
and 3 mm (right). Pho-
tos by H.A. Gilg.

pecially in views from the interior of the beaker
through the vessel’s glass wall. It seemed as if this
material was ejected from a gap between the glass
substrate of the goblet and the red decorative stones.

Microscopic examination showed details of such
flow structures (figure 15, A and B). At most loca-
tions, the thickness of the reddish brown layer was
quite variable, with a somewhat uneven color inten-
sity (figure 15C). This impression was caused not
only by the variable thickness of the layer but also
by small opaque particles unevenly dispersed within
this layer. The same observation was made at loca-
tions where red decorative stones remained (figure
16). The reddish brown layers as a whole showed no
reaction upon contact with a hot needle, which in-
dicates that no organic volatile matter was part of the
residual fixation layers.

Raman Analysis. The Raman spectra of the rose-cut
stones showed, especially in comparison with stan-
dard spectra of Bohemian chromium pyropes (from

Figure 15. A and B: Microscopic images of the reddish brown fixation layer on the glass substrate of the lidded
goblet in Munich showing flow structures. C: Within the groundmass of lead glass, small hematite particles are
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Figure 16. Decorative Bohemian garnet fixed to the
colorless glass substrate of the lidded goblet in Mu-
nich. The reddish brown fixation layer is found in the
gap between the garnet and the glass substrate, but
also on the glass substrate outside of the garnet. Pho-
tomicrograph by H.-J. Ranz; field of view 4.47 mm.

the Bohemian Midlands, in the collections of the au-
thors) taken with the same instrument, that all red
stones measured were titanium-bearing chromium
pyrope (figure 17; see Gilg and Gast, 2016). Further-
more, Raman spectroscopy revealed that the fixa-
tion layers contain hematite (figure 18), recognized

Figure 17. Raman spectrum of a Bohemian pyrope on
glass and a spectrum of a standard sample of Bo-
hemian garnet. The broad maximum at 1500 cm™ is
also observed in the Raman spectrum of the underly-
ing glass substrate without any additional fixation
layer or garnet.
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Figure 18. Raman spectrum of the reddish brown fixa-
tion layer on the Munich glass substrate. The differ-
ent maxima (labeled) were assigned to finely
dispersed hematite particles; the broad maximum at
1500 cm™ is also observed in the Raman spectrum of
the underlying glass substrate without any additional
fixation layer or garnet.

by the irregularly distributed reddish brown opaque
particles seen in the microscope.

X-Ray Fluorescence Analysis. The X-ray fluorescence
spectra recorded from all three vessels showed no sig-
nificant differences for each vessel between various
locations examined on the same decorated glass. This
indicates the use of a uniform substance as the fixa-
tion layer and a uniform material applied on top of
this substance for embellishment.

The spectra of the glass of the engraved goblet
from Munich show the signals of silicon, potassium,
and calcium as main components and traces of alu-
minum, phosphorus, titanium, manganese, iron,
copper, zing, strontium, rubidium, and zirconium
(figure 19). Compared to this potassium-calcium-
glass, the fixation layer was distinguished by addi-
tional characteristic lines of lead and iron and weaker
lines of tin and copper. In addition, the red decorative
material shows an enrichment of magnesium, alu-
minum, titanium, chromium, and iron.

Examination of the Beaker in Passau. Decoration.
This beaker shows red rose-cut garnets with a diame-
ter of 3 mm each (figure 20, left). The cutting style is
identical to the rose cuts observed in the Munich lid-
ded goblet, with slightly different proportions—i.e.,
somewhat larger central squares compared to the
outer quadrilateral facets (figure 20, right).
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Figure 19. EDXRF spectra of the lidded goblet from the Bavarian National Museum. The spectra were recorded
with two different experimental setups: 15 kV and 25 nA (left) and 40 kV and 30 uA (right). Solid gray lines indi-
cate the positions of Ka X-ray lines, dashed gray lines represent the positions of KB X-ray lines, and dotted gray
lines represent the positions of L and M X-ray lines. The peaks labeled with an asterisk originate from the X-ray

tube (Rh) and from the collimator (Pd).

Fixation Layer. The beaker from the Passau glass col-
lection also showed some residual material of a fixa-
tion layer. These masses, in contrast to the fixation
layer observed on the Munich lidded goblet, were an
intense yellow and showed an uneven, roughened un-
dulating surface with a bubble-like texture (figure 21).

X-Ray Fluorescence Analysis. The spectra from the
beaker from the Passau Glass Museum again re-
vealed the presence of a potassium-calcium glass. In
the yellow fixation layer, the elements lead, tin, cop-
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per, and antimony were also present (figure 22). Com-
pared to the spectra of the glass substrate with the
fixation layer, the red faceted rose-cut stones indicate
an enrichment of magnesium, aluminum, titanium,
chromium, and iron.

Examination of the Lidded Goblet in Passau. Deco-
ration and Fixation Layer. This goblet, decorated
with red and green glass imitation stones, showed no
fixation layer between the decoration and the under-
lying glass substrate.

Figure 20. Left: Rose-
cut garnets decorating
the beaker from the
collection of the Passau
Glass Museum, 3 mm
in diameter. Photo by
H.A. Gilg. Right: Dia-
gram of the common
cut observed for the
garnets in Passau.
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X-Ray Fluorescence Analysis. This vessel was differ-
ent from the other two samples examined. Again, the
spectra (not given here) characterize a potassium-
calcium glass, but with an enrichment of arsenic.
Compared to the underlying glass, the red decorative
glass materials show an enrichment only of lead.

DISCUSSION

Identification of Materials. The examined glass ves-
sels consist of potassium-calcium glasses, which are
typical for the seventeenth and eighteenth centuries
(see Wedepohl, 2003). The hot needle test applied to
the reddish brown fixation layer of the Munich lidded
goblet and the absence of characteristic C-H vibration

Figure 21. Residues of
the yellow fixation
layer on the glass sub-
strate of the beaker in
Passau showing an un-
even surface with a
bubble-like texture; the
yellow residual materi-
als measure about 3
mm in diameter. Photos
by H.A. Gilg.

lines in the Raman spectrum indicate that no organic
components were present in the residues of the fixa-
tion layer. In contrast, the Raman spectrum combined
with the microscopic examination shows the presence
of small hematite particles, which are responsible for
the coloration of this layer that was consequently
identified as a hematite-bearing lead glass.
According to their actual weight percentage of
lead oxide, lead glasses reveal a melting point in the
range of 700°-800°C, compared to a melting point of
“ordinary” potassium-calcium glasses at about
1100°C (Wedepohl, 2003; Stern and Gerber, 2004).
For the red decorative stones, a fixation layer of lead
glass with a lower melting point was obviously ap-
plied, which did not affect or damage the underlying

Figure 22. EDXRF spectra of the beaker from the Passau Glass Museum. The spectra were recorded with two differ-
ent experimental setups: 15 kV and 25 uA (Ileft) and 40 kV and 30 nA (right). Solid gray lines indicate the positions
of Ka X-ray lines, dashed gray lines represent the positions of KB X-ray lines, and dotted gray lines represent the
positions of L and M X-ray lines. The lines labeled with an asterisk originate from the X-ray tube (Rh) and from

the collimator (Pd).
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glass substrate or the decorative material. This result
also applies to the Passau beaker, which shows the
application of a yellow lead glass as the fixation layer.
The coloration of the reddish brown lead glass layer
in the Munich goblet is due to admixtures of small
particles of hematite pigments. The yellow col-
oration of the lead glass layer in the Passau beaker is
assumed to be due to the observed traces of tin- and
antimony-bearing pigments. Such pigments, in gen-
eral, are responsible for a yellow coloration of histor-
ical glasses (Wedepohl, 2003). Without hematite, the
lead glass in the Munich goblet would most likely
also show a yellow coloration, but in that case the
presence of hematite is dominant for its reddish
brown coloration, and the yellow color component
is not visible.

The red decorative stones on the surface of the
lidded goblet from Munich and the beaker from Pas-
sau were identified as Bohemian pyrope. The X-ray
fluorescence spectra show—compared to the spectra
of the underlying glass substrate and the lead glass
fixation layer—an enrichment of magnesium and
aluminum, two of the main components of pyrope
(silicon is always present in the glasses and a silicon
peak is always seen in the spectra of all materials ex-
amined). In addition, the spectra of the red stones
show an enrichment of titanium and iron and espe-
cially chromium, which is considered the main
color-causing trace element of red Bohemian pyrope
garnet (Amthauer, 1976; Gilg et al., 2015; for a recent
summary of properties of Bohemian garnet, see
Hanus et al., 2022).

The red decorative materials applied to the lidded
goblet in Passau were identified as lead glass.

Production Techniques. The results described above
offer some clues to Creutz’s original production tech-
nique. Theoretically, there are many possible methods
for placing red garnets on glass substrates, but many
of these would not produce the properties determined
for the glass vessels in Munich and Passau. Conse-
quently, we are only discussing the technique and its
variations that are consistent with the results of the
visual and chemical examination of the samples.

For the decoration of engraved glass vessels, rose-
cut Bohemian garnets were attached with a fixation
layer to the outer surface of the underlying glass sub-
strates. At the end of the manufacturing process,
after cooling of the heated goblet or beaker, the final
fixation layer consisted of a lead glass with a lower
melting point than that of the main glass body. In
order to hide the fixation layer in the Munich exam-
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ple, finely grained hematite particles (or other iron-
bearing oxides or hydroxides that turned to hematite
after heating) were added to the lead glass, imitating
the coloration of Bohemian pyrope.

It has been known for centuries that it is possible
to anneal pyrope at an elevated temperature range of
about 700°-800°C without decomposition. This
knowledge was publicly available since at least the
late seventeenth century in the famous book by
Kunckel (1689) about glass technology. According to
more recent studies, the structure of Bohemian py-
rope is stable to at least 1000°C (Zboril et al., 2003).

For the attachment of garnets to the main glass
substrate, it can be assumed that finely ground lead
glass frit, possibly with an admixture of finely ground
hematite, was mixed with water or with an organic
binder such as gum arabic or tragacanth, which have
been used for pigments since the Middle Ages. After
drying of the intermediate fixation layer between the
garnets and the glass, the garnets would be placed in
the desired positions on the glass body. After heat
treatment of the complete glass body and melting of
the fixation layer, the organic binder would com-
pletely escape by oxidation and vaporization, leaving
a lead glass layer with melted or blister structures
(for this production step, see Brepohl, 1983).

A variant of this scenario is to add a binder to
finely ground lead glass frit and cover the flat base of
the garnet roses with that mixture. After the garnets
have been prepared with such a layer and that layer
has dried, placing them on a heated glass body would
cause the dried fixation layer to melt after evapora-
tion of the binder, in that way fixing the garnets upon
cooling. Further variants are conceivable, especially
if we consider the different textures of the residual
fixation layers of the vessels preserved in Munich
and Passau.

The steps described for such a production process
are consistent with the four steps mentioned in the
privileges of Creutz and his successors:

1. Cutting and faceting of the garnets

2. Connecting the garnets with a mixture of lead
glass and a binder

3. Setting the garnets on the glass substrate

4. Melting the mixture of lead glass and binder by
heat treatment

The difference between the two variants de-
scribed is based upon the method of melting the fix-
ation layer, a mixture of finely grained lead glass and
a binder. The two alternatives are:
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e Heating the glass body of the goblet or beaker
together with the intermediate fixation layer
and the garnets, after the fixation layer had dried
between the glass substrate and the garnets

e Heating the glass body of the goblet or beaker
to melt the fixation layer already adhered to the
rose-cut garnets

Obviously, different artisans applied different
recipes for the mixture used as a fixation layer, and
these recipes were closely guarded trade secrets. The
temperatures applied for the melting processes might
have varied according to the artist, and even the same
artist could have worked with slightly different tem-
peratures, if we consider the ability to measure and
adjust temperatures in the seventeenth century.
These slightly different production processes allow
us to understand some properties of the final prod-
ucts such as the different coloration of the final fixa-
tion layer on the surface of the Munich lidded goblet
and the Passau beaker. The glass objects, their en-
graving, and their subsequent embellishment could
have been produced by different craftspersons in
Nuremberg or elsewhere.

CONCLUSIONS

The documents available in archives in Vienna and
Nuremberg indicate the use of a process to decorate
glass substrates with rose-cut Bohemian garnets from
the end of the sixteenth century to the first decades of
the eighteenth century. This process was invented and
developed by Claudius vom Creutz in Nuremberg,
who first obtained privileges from the Imperial City
of Nuremberg and later from Emperor Rudolf II. Glass
objects produced with this technique are extremely
rare, but two glass vessels preserved in museums in
Munich and Passau were available for examination.
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On the lidded goblet from the Munich museum
and the beaker in Passau, Bohemian garnets are at-
tached by a fixation layer, consisting of lead glass with
admixtures, that was melted by careful heating
processes. A third glass vessel examined, a lidded gob-
let in Passau, proved to have rose-cut glass, not gar-
nets. It is unknown whether glass objects other than
goblets and beakers were decorated with Bohemian
garnets. Such objects would also fall within the word-
ing used within the imperial privileges to describe the
process. The nature of “garnet doublets” mentioned
in inventories in the late seventeenth and early eigh-
teenth centuries (Brackenhofer, 1683; Museum Wolf-
fianum, 1714) is unclear. In the seventeenth century,
“doublets” generally consisted of an upper and lower
part of the same stone, with a colored layer in be-
tween (Praktisches Handbuch fiir Kiinstler..., 1793).

These two glass vessels from Munich and Passau
were prepared with the same type of production tech-
nique, which is clearly revealed by the examination
of the samples. The most common feature is the fix-
ation layer of lead glass in between the garnets and
the glass substrate of the vessels. The chemical dif-
ferences between the two layers and the presence of
an admixture of hematite in the fixation layer of the
lidded goblet in Munich indicate different manufac-
turers and possibly production in different cities or
locations.

Zelasko (2014) mentioned invoices for glasses dec-
orated with garnets, which were produced in Lower
Silesia in the seventeenth century. This indicates
that the method was also applied in regions or cities
beyond Nuremberg. It is documented that infringe-
ments of the privileges of Creutz were pursued in
Nuremberg, but it is unknown whether the privi-
leges were also effective in distant areas of the Holy
Roman Empire with industrial glassworks.
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