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Lorem ipsum

Discussion

Lorem ipsum

Two techniques for analyzing elemental abundances in 
glass artifacts (high vacuum vs. variable pressure) show 
identical results. Thus, carbon coating is not required to 
determine glass compositions when using the energy 
dispersive detector on the SEM.
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Ft. Mackinac beads show a loss in Na�O between point 
and di�use electron analyses under high energy.  

Ft. Mackinac beads are homogeneous in elemental 
abundance. 0
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Point vs Di�usive Electron Beam
Variable Pressure vs High Vacuum

SEM Analysis
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Marcel and Liliane-B

Conclusions
Chemical variation of di�erent bead types show promise for �ngerprinting trade beads to their source and subsequent distribution.

Chemical analyses show that glass samples from Saint-Nicolas-des-Biefs, France are not the source material of glass trade beads found at Ft. Mackinac. 

The Variable Pressure (non-carbon coated) method on the SEM provides results that are identical to results obtained using the High Vacuum (carbon 
coated) method. Therefore, samples do not need carbon coating prior to analysis using energy dispersive scanning electron microscopy.

Results

Element Atom % Atom % 
Error 

Formula Compound 
% 

  O 59.8 ±0.33    
 

0 
 Na 1.51 ±0.02     Na2O 2.1 
 Mg 1.83 ±0.02     MgO 3.31 
 Al 2.12 ±0.02     Al2O3 4.85 
 Si 20.97 ±0.07     SiO2 56.5 
  P 0.73 ±0.02     P2O5 2.31 
 Cl 0.24 ±0.01     Cl 0.38 
  K 5.22 ±0.03     K2O 11.03 
 Ca 6.92 ±0.03     CaO 17.41 
 Ti 0.08 ±0.01     TiO2 0.28 
 Mn 0.29 ±0.01     MnO 0.94 
 Fe 0.27 ±0.01     FeO 0.88 

 

Element Atom % Atom % 
Error 

Formula Compound 
% 

  O 61.92 ±0.34    
  

 Na 0.56 ±0.02    Na2O 0.81 
 Mg 1.28 ±0.02    MgO 2.4 
 Al 5.81 ±0.03    Al2O3 13.78 
 Si 22.43 ±0.08    SiO2 62.68 
  P 0.19 ±0.01    P2O5 0.62 
  K 3.37 ±0.02    K2O 7.38 
 Ca 3.49 ±0.02    CaO 9.1 
 Ti 0.18 ±0.01    TiO2 0.66 
 Mn 0.28 ±0.01    MnO 0.91 
 Fe 0.5 ±0.01    FeO 1.66 

 

Formula 

Infrared Spectroscopy

French Glass Artifacts from the Bourbonnaise Ft. Mackinac Trade Bead

SEM Energy Dispersive Detector 

Element Atom % Atom % 
Error 

Compound 
% 

  O 62.19 ±0.33    
 

0 

 Na 0.42 ±0.02    Na2O 0.61 

 Mg 1.19 ±0.02    MgO 2.24 

 Al 5.56 ±0.03    Al2O3 13.21 

 Si 22.85 ±0.08    SiO2 63.98 

  P 0.25 ±0.01    P2O5 0.84 

  K 3.18 ±0.02    K2O 6.98 

 Ca 3.38 ±0.02    CaO 8.84 

 Ti 0.17 ±0.01    TiO2 0.61 

 Mn 0.28 ±0.01    MnO 0.91 

 Fe 0.53 ±0.01    FeO 1.77 

 

Element Atom % Atom % 
Error 

Formula Compound 
% 

  O 59.62 ±0.33      0 

 Na 1.61 ±0.03     Na2O 2.23 
 Mg 1.95 ±0.03     MgO 3.52 
 Al 2.33 ±0.02     Al2O3 5.33 
 Si 20.71 ±0.07     SiO2 55.74 
  P 0.66 ±0.02     P2O5 2.11 
 Cl 0.24 ±0.01     Cl 0.39 
  K 5.42 ±0.03     K2O 11.43 
 Ca 6.74 ±0.04     CaO 16.93 
 Sc 0.08 ±0.01     Sc2O3 0.25 
 Ti 0.07 ±0.01     TiO2 0.27 
 Mn 0.32 ±0.02     MnO 1.01 
 Fe 0.25 ±0.02     FeO 0.8 
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Methods

Marcel

Infrared spectroscopy
measures the concentration of chemical 
components bonded as hydroxyl  
species (X-OH).

Scanning Electron Microscopy (SEM)
measures the concentration of major 
and minor elements.

Location of principal glass manufacturing sites 
of the Bourbonnaise.

Jacqueline

Liliane B

Background Information

Liliane A

       Glass beads manufactured in Europe were brought to North 
America and used in trade with native American peoples.  
The style and composition of glass beads can be used to 
trace intercontinental connections between the 16th and 20th 
centuries.  To date, no connections have been made between 
beads recovered in North America and their site of 
manufacture in France.  Here, we characterize a series of 
distinctly blue 18th century glass artifacts provided by the 
Musèe du Verrier in Saint-Nicolas-des-Biefs, 
Auvergne-Rhone-Alpes, France in order to characterize their 
chemical composition.  We use x-ray spectroscopy to 
quantify their major and trace element composition and 
Fourier Transform infrared spectroscopy to characterize the 
total water and hydroxyl speciation of the glass. The amount 
of water incorporated inside the glass is a direct measure of 
the humidity level that was present within the furnace when 
it was formed, and the speciation can be used to determine 
how quickly the glass cooled when it was quenched. Both 
sets of chemical information are potentially useful for 
pinning down the precise location of manufacture in Europe.  
We compare our measurements with those of blue-colored 
glass artifacts collected at Ft. Mackinac, an 18th century 
French trading post located in northern Michigan.

Glassmaking in the Bourbonnaise Region, France

Mural showing traditional glass making 
in the Bourbonnaise.

Motivation for Study

The Musée du Verrier in Saint-Nicolas-des-Biefs,
Auvergne-Rhone-Alpes, France.

Abstract

Beginning in 1662, the Bourbonnaise region became an important glass-making center in France.

Abundant clay, sand, water, and forest made the region ideal for the industry.

Throughout the late 17th century, and lasting to the French Revolution at the end of the 18th 
century, the region was well known for its prodigious glass production.

Glass-making in this region ended after resources were exhausted at the turn of the century.

The Musée du Verrier in Saint-Nicolas-des-Biefs was established in mid-19th century 
to preserve glass-making heritage of the region.

Glass artifacts recovered from historical sites in the 
glassmaking region of 17th and 18th century 
Bourbonnaise share a common color and character 
to glass artifacts recovered from the French Trading 
Post at Ft. Mackinac, MI.

To date, no North American glass trade beads have 
been sourced to their precise site of manufacture in 
Europe.
 
The chemical composition of glasses can be used to 
trace their place of origin.  Major and minor 
elements, trace constituents used for coloration, 
and the constituent hydroxyl species are all 
diagnostic of the material used to manufacture the 
glass.

Characterization of Methods Used to Analyze Glass Artifacts

FTM-A

Jacqueline

Liliane A

Characterization of 18th Century Glass Artifacts Collected From Auvergne
Marcel Liliane-B
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French glasses show variation in chemical abundance.

Some glass artifacts (e.g., Marcel) are inhomogeneous in 
elemental composition.

Some glass artifacts are homogeneous (Liliane-B) in 
elemental composition.

Glass artifacts collected from around Saint-Nicolas-des-Biefs 
show similar bulk compositions, with the exception of Al 
(see companion poster).

Comparison to 18th Century Glass Artifacts Excavated From Fort Mackinac, Michigan

FTM-A 
FTM-B
FTM-D
 ‘Marcel’ area
‘Jacqueline’ area
‘Liliane-A’ area
‘Liliane-B’ area

Intensity of OH bands increase in the order: 
Jacqueline, Liliane-A, and FTM-A.

French glass and Ft. Mackinac artifacts share some 
spectral characteristics (absorption at ~3500 cm-1), but 
the French glass lacks absorption at 2800 cm-1.

There is no correlation between major element bulk 
composition and OH absorbance peaks in French 
glass and Ft. Mackinac beads.

Water Content Combined Water and Elemental Data

French Glass Artifacts Recovered
from the Bourbonnaise, France

Trade Beads Recovered from the
French Trading Post at Ft. Mackinac, MI


