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ABSTRACT 

This research investigates the compositional homogeneity of potash-lime- 

silica glasses from the 12`s-17th centuries in Northern Europe, and the significance of 

this with respect to compositional studies of archaeological glasses. The variables in 

the glass making process that influence the formation of a homogeneous glass are 
discussed, and investigated using laboratory replication of beech and bracken ash 

glasses. The experimental results are compared to archaeological material from glass 

production sites at Blunden's Wood, Knightons, Sidney Wood, and Little Birches in 

England, and Hils in Germany. 

Backscattered scanning electron microscope (SEM) imaging is used to 

qualify the extent of inhomogeneity in both the experimental and archaeological 

samples. It is confirmed that visually homogeneous glasses can contain 

inhomogeneities that are only visible under backscattered SEM imaging. It is seen 

that the size and orientation of inhomogeneities is varied, and specific glass artefact 

types (such as crucible and waste glass) are more prone to inhomogeneity than fully 

formed glass (such as window and vessel glass). Electron microprobe analysis 

(EPMA) is used to quantify the extent of elemental variations present, in the 

inhomogeneous archaeological glasses. The results show that a number of elements 

are significantly influenced by inhomogeneity, including those (such as calcium, 

magnesium and sodium) which are commonly used to form compositional groupings 

of medieval glass. 

It is concluded that although a number of variables in the glass making 

process influence the formation of a homogeneous glass, specific variables, such as 
increased furnace temperature and a high alkali concentration in the ash, appear to be 

the dominating factors. The presence of large elemental variations in a number of 

the archaeological glasses analysed confirms that inhomogeneity is a vital 

consideration in compositional studies of this material, and that particular care must 
be exercised when using analytical techniques that require only a small sample size. 
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TABLES 

Oxide 

Na20 

Beech Trunk Ash 
(Combination of Samples 1-5) 

1.30 

Sheffield Beech Brash 
(Smedley et al. 1998 149) 

0.59 

MgO 11.63 6.95 

A1203 1.01 0.92 

Si02 2.55 18.0 

P205 4.16 15.3 

SO3 1.08 n. a. 

CI20 0.72 n. a. 

K20 22.37 20.0 

CaO 46.85 31.1 

TiO2 0.13 0.07 

Cr203 0.01 n. a 

MnO 7.23 6.2 

Fe203 0.63 0.94 

CoO 0.03 n. a. 

NiO 0.03 n. a. 

CuO 0.03 n. a. 
ZnO 0.20 n. a. 

Br20 0.01 n. a. 
Rb20 0.03 n. a. 

SrO 0.05 n. a. 
Zr02 0.01 n. a. 

LOI n. a. n. a. 

Sum 100.00 100.00 

Total Alkali 
Content 

Na2O+K2O 
23.67 20.59 

Not analysed (n. a) 
Not detected (n. d) 
Loss on Ignition (1-01) 

Table IV: 3 XRF data for beech trunk and brash ash (Smedley et al. 1998: 149) 
(Table IV: 1) 
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FABLES 

Sample 
Oxide 

FBe12 _ FBe13 FBe16 FBe17 FBe20 FBe20 FBe21 FBe24 FBe25 FBe25 

Na20 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.00 
MgO 9.01 11.12 13.47 15.00 11.9 20.17 11.13 6.13 
A1203 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 

Si02 24.11 13.19 7.03 4.58 21.03 6.19 23.38 43.29 
P205 3.83 4.26 3.73 4.77 3.99 5.43 3.27 2.25 
SO3 0.96 1.18 1.02 0.98 1.32 0.77 0.88 0.9 
C120 0.6 0.56 0.46 0.47 0.46 0.36 0.62 0.45 
K20 18.14 21.82 24.6 16.47 21.58 7.68 9.12 16.88 
CaO 34.94 39.48 41.63 49.04 33.04 48.14 42.59 23.58 
Ti02 0.09 0.04 0.1 0.15 0.09 0.11 0.13 0.08 

Cr203 0.05 0.02 0.02 0.03 0.03 0.03 0.02 0.03 
MnO 6.06 5.99 7.19 7.05 5.41 8.99 7.02 4.44 

Fe203 1.08 1.71 0.39 1.15 0.67 1.11 1.22 1.44 
Coo 0.03 0.04 0.01 0.02 0.01 0.01 0.01 0.02 

NiO 0.00 0.02 0.01 0.02 0.03 0.03 0.01 0.02 
Cu0 0.02 0.02 0.03 0.03 0.02 0.02 0.03 0.02 
ZnO 1.03 0.51 0.16 0.16 0.36 0.54 0.52 0.4 
Br20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rb20 0.02 0.01 0.03 0.03 0.02 0.01 0.02 0.02 
SrO 0.03 0.03 0.03 0.04 0.03 0.04 0.03 0.03 

Zr02 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 
-sum 100.01 100.01 100.00 99.99 99.99 99.99 100.00 99.99 

Total Alkali 
Content 

Na20+K20 
18.14 21.82 24.6 16.47 21.58 8.04 9.12 16.88 

Table V: 5 XRF results, beech ash frit 
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TABLES 

Sample Number 
Oxide -__ _ ý- - ý- r- -_ _ _- _- 7- ---- - -, _ -, 

Na20 0.00 0.00 0.00 0.00 0.00 0.48 0.00 0.00 
MgO 5.62 2.95 3.98 5.52 4.52 5.68 2.79 _1 2.58 
A1203 0.53 0.41 0.2 0.73 0.36 0.48 0.09 1.14 
Si02 13.57 19.73 25.79 14.22 22.09 23.82 30.41 39.57 
P205 5.85 3.96 4.56 5.04 4.76 4.66 4.08 7.94 
SO3 2.49 2.37 2.99 2.44 2.39 2.35 3.51 3.66 
C120 5.02 5.79 4.34 4.7 4.3 3.5 5.63 2.54 
K20 55.36 51.57 48.16 54.89 49.81 48.73 44.61 32.55 
CaO 9.13 7.41 7.29 11.04 9.51 7.71 6.67 8.02 

Ti02 0.03 0.00 0.03 0.03 0.01 0.04 0.01 0.03 
Cr203 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MnO 0.58 0.41 0.51 0.56 0.45 0.45 0.36 0.34 
Fe203 1.28 4.8 1.75 0.51 1.25 1.59 1.42 1.21 

CoO 0.02 0.12 0.04 0.02 0.02 0.05 0.03 0.02 
NiO 0.02 0.00 0.01 0.01 0.00 0.00 0.00 0.01 

CuO 0.02 0.01 0.03 0.02 0.02 0.02 0.03 0.02 
ZnO 0.43 0.42 0.32 0.25 0.48 0.42 0.34 0.34 

Br20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Rb20 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.01 

SrO 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.01 
Zr02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

Sum 99.99 99.99 100.01 100.00 99.98 100.00 100.01 99.99 
Total Alkali 

Content 
Na20+K20 

55.36 51.57 48.16 54.89 49.81 49.21 44.61 32.55 

Table V: 6 XRF results, bracken ash frit 
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TABLES 

Site 

Number 
Site Name Period 

1 Bowbrooks, Chiddingfold Unknown 

2 Broomfield Hanger (Gostrode I), Chiddingfold E 

3 Chaleshurst Upper, Chiddingfold E 

4 Chaleshurst Lower, Chiddingfold L 

5 Fromes Copse, Chiddingfold E 

6 Gostrode II, Chiddingfold E 

7 Hazelbridge Hanger, Chiddingfold E 

8 Imbhams, Chiddingfold L 

9 

10 

Pickhurst, Chiddingfold 

Prestwick Manor, Chiddingfold 

L 

E 

11 Redwood, Chiddingfold E 

12 Crouchland, Kirdford E 

13 
i' 

Frithfold Copse, Kirdford T 

. 14 Glasshouse Lane, Kirdford L 

15 Hog Wood, Kirdford E 

16 Idehurst Copse, North Kirdford T 

17 Idehurst Copse, South Kirdford T 

18 Little Slifehurst, Kirdford E 

19 Lyons Farm, Kirdford Unknown 

20 Shortlands Copse, Kirdford Unknown 

21 Wephurst, Kirdford E 

KEY 

E -Early (c. 1330 c. 1550) 
- 

T =Transitional between Early 
and Late 

L =Late (c. 1567 
c. 1618) 

fable VII: I (Kenyon 1967) key to glass furnace sites in the Weald (Figure 7: 1) 
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TABLES 

Site 

Number 

22 

Site Name 

Barnfold, Wisbrough Green 

Period 

L 

23 Brookland Farm, I and II, Wisbrough Green L 

24 Burchetts, Wisbrough Green L 

25 Fernfold, Wisbrough Green L 

26 Horsebridge, Wisbrough Green L 

27 Gunshot, Wisbrough Green L 

28 Malharn Farm, Wisbrough Green Unknown 

29 Malharn Ashfold, Wisbrough Green E 

30 Songhurst Farm, Wisbrough Green L 

31 Sparr Farm, Wisbrough Green Unknown 

32 Woodhouse Farm, Wisbrough Green L 

33 Blunden's Wood, Hambledon E 

34 Gunter's Wood, Hambledon E 

35 Vann Copse (Burgate), Hambledon L 

36 Ellen's Green, Ewhurst L 

37 Somersbury, Ewhurst L 

38 Sidney Wood, Alford 16/17 

39 Lower Roundhurst, Lurgashall Unknown 

40 Petworth Park, Lurgashall L 

41 Lordings Farm, Billingshurst Unknown 

42 Knightons, Alford 16 

KEY 

iE =Early (c. 1330 c. 1550) Transitional between 
Early and Late 

L Late (c. 1567- Late (c. 1 

_ 
Table VII: 1 (continued) (Kenyon 1967) key to glass furnace sites in the 

Weald (Figure 7: 1) 
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APPENDIX A 

Crucibles and Furnaces used in this Research 

Crucibles 

Two high refractory crucible fabrics were used in the experimental section of 

this research (see Section 2.7). Slip cast crucibles were produced in two modern 

refractory fabrics (mullite and alumina). Table B: I lists the main raw materials of 

each fabric. The compositions are the commercial property of the Department of 

Engineering Materials, University of Sheffield and therefore cannot be stated here. 

Crucible 1ý 
Fabric Main Components 

Eiall Calcined Molochite Molochite Sodium 
Mullfite Kaolin Clay Alumina 120 200 Silicate 

Water 

Alumina Aluminum Oxide (RA10) Flocculent Distilled Water 

Table A: 1 The Main Components of Mullite and Alumina Crucible Fabric 

Conical (CON) and cylindrical (CYL) (Figure B: I) crucible forms were 

produced in mullite and alumina. Conical shields, tall form crucibles (CB) and trays 

were produced in mullite only. Figure B: I shows the dimensions (H, D, and D2) for 

each form, Table B: 2 lists the mean dimensions and volume. 
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\I'FENI)IX A CRUCIBLES AND FURNACES USED IN THIS RESEARCH 

Furnaces 

Two types of electric and a pre-mix gas/air furnace were used in these 

experiments (Table B: 3). Depending upon the experimental parameters to be tested, 

the electric furnaces were used predominantly as they are more isothermal than the 

gas furnace and reheat rapidly. In the gas furnace the temperature will also vary 

depending on the position of the crucible with respect to the burner. The crucibles 

were therefore always placed in the same position for each melt. The gas furnace 

was only used when a reducing atmosphere was required. Furnace temperatures 

were recorded from the furnace controller. 

In the furnaces the glasses were all melted in crucibles placed inside shields. 

The shield serves two functions, a) to smooth temperature fluctuations inside the 

furnace and b) to capture spilt batch or glass. 

FurnaceType Use Temperature Range Furnace 
Atmosphere 

Electric Muffle Drying Raw Materials 
and Fritting 0-1150°C (±5°C) Air 

Electric Glass Melting 1000-1450°C (±3-5°C) Air 

Gas Glass Melting 1000-1650°C (±20°C) 
Oxidising or 

Reducing 

Table A: 3 Furnace Types 
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APPENDIX B 

EPMA Detection Limit Formula 

The detection limit in Wt. % for the EPMA is calculated by the following 

formula: 

FCC 
* 

A(a, ß) jl+4Bete(1+a: ') 

It -B, 2te 1%(a, Q) 

F is the correction factor whose value is calculated. 
Ct is the concentration in the standard specimen. 
It is the peak intensity in the standard specimen. 
BC is the background intensity in the standard specimen. 
Be is the background intensity in the sample. 

to is the counting time for the peak in the sample. 

cce is the constant which is introduced to take account of the differences in 

counting times for peak and background measurements. 

ß, (a, ß) is a tabulated parameter which depends on the following statistical variables: 

a is the probability for mistakenly considering the true concentration to be 

greater than 0 when it is in fact it is 0 

is the probability for mistakenly considering the true concentration to be 0 

when it is in fact greater than 0. 

In the Camecasoftware,? is taken for a=ß=5 % 
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