PALMYRA

GLASS FROM PALMYRA IN LABORATORY STUDIES
Malgorzata Daszkiewicz and Jerzy Raabe

The goal of this report is to present the results of a chemical
analysis and high-temperature microscope investigation of
three glass fragments from Palmyra.! All the samples are from
the Roman period and macroscopically they belong to the same
group of slightly colored transparent glass. Typologically, they
represent three different vessel types: the bottom and rim of
two different vessels plus the foot of a goblet. The chemical
composition of the glass samples was determined in the
laboratory of the Arbeitsgruppe Archaometrie FU Berlin by
WD-XRF (Dr. Gerwulf Schneider).

The characteristic temperatures, such as sintering range,
softening point, melting point and flow temperature, were de-
termined under a Leitz high-temperature microscope. In pre-
paration for analysis, samples were ground to a fine powder,
pressed into a cube and heated at a rate of 300°C/h in air.

All the samples under analysis represent soda glass melted
with natural soda; they contain less than 1.3% potassium oxide
and the ratio of sodium oxide to potassium oxide is higher
than 13:1 (Tables 1 and 2). The formula is typical of that used
in Roman glass workshops, which is recognized by the low
concentration of magnesium oxide and the high proportion of
calcium oxide to magnesium oxide. The last ratio is relatively
low, indicating not very pure limestone as a source of lime.
Also typical of Roman

! The analyses were part of the project Ceramics and glass from Polish excavations in

the Near East in laboratory studies, financed by the Committee of Scientific Re-
search.

Samples for analysis come from the tower-tomb of Atenatan in Palmyra, ex-
cavated in the 1992 season.
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Table 1. Results of chemical analysis.

A - major elements, % by weight
Sample Si02  Ti02 AI203 Fe203 MnO

1 69.24 0.09 3.15 058 1.148
2 7146 0.06 2.63 035 0.596
3 7140 0.07 263 037 0331

B - trace elements, ppm
Sample V Cr Ni (Cu) Zn

1 30 13 24 33 8
2 19 7 11 21 2
3 9 13 9 2 3

MgO
0.58
0.42
0.46

[S2RNE, It

CaO
8.50
7.70
8.27

Sr

456
401
404

Na20
15.92
16.14
15.84

Y
27
5
6

K20
0.67
0.53
0.49

Zr
226
40
41

P205
0.13
0.12
0.15

Ba

362
276
205

)

0.16
0.09
0.13

(Ce)
21
15
17

(1
0.95
1.07
1.05

(Pb)
29

0

2

TOTAL
100.32
100.09
100.93

(Th)
4

11
13

WD-XREF analyses by the laboratory of the Arbeitsgruppe Archaometrie FU Berlin (Dr. Gerwulf Schneider).
Analysis of non-ignited samples, major elements in percent by weight (A), normalized to a constant sum of 100%,
the original total given in the last column ("Total"), traces in ppm (B), elements determined with lower precision.



=] IIA WVd

[966T s1i0day

juradax [endp - 8007 VINDA ©

00T

S L s00 R 650
‘ 1 . —— - :
i ot
: u
et e e = irrsgani AR Ay 3 gt o
NERERS B REENENNS T NG
ERIRREEEEE::| JE7T) |ERdRsss:. H: 800
JEsipngs
L4 I O i - i ke -
' o L | -
1 R _ I EAN i
(S g i 1t Hh ™
TR NG HEEED
1 THHE 840 AT HEE T 900
Tl Py S
. ki - - 1 = ) Il
- -
1!!gn£h IR _L.:d- s g heRap
940 | : 960 jaus 1000
. \s 113 ¥ NERE i

ok

ersjeritgh AR

oy

Fig. 1. Sample No. 3 during heating, observed under a high-temperature microscope.




Table 2. Chemical characteristics of glass from Palmyra.

Sample No. 1 2 3
Color* 25A2 | 25A2 [25B3
Na20/K20 23.80 | 30.50 | 32.30
Na20+K20 16.60 | 1670 | 16.30
CaO/MgO 14.70 | 1830 | 18.00
CaO+MgO 9.10 | 8.10 8.70
Na20+K20/CaO+MgO 1.80 | 2.10 1.90
5i02/Ca0+MgO 7.60 | 8.80 8.20
SiO2+AI1203+Fe203+Ti02 73.05 | 7449 | 74.47
Si02+AI1203+Fe03+Ti02/Na20+K20 4.00 | 4.47 4.56

* Taschenlexikon der Farben, Muster-Schmidt Verlag,
Ziirich-Géttingen

25B3 - grayish green 25A2 - greenish white

Table 3. Characteristic temperatures for glass from Palmyra.
Sample No. 1 2 3

Temperature [°C]

Beginning of sintering* 620 650 620
End of sintering 700 700 700
Softening point 740 740 780
Melting point 940 900 940
Flow temperature 1000 1000 1000
Length of glass** 300 300 300

meaning viscosity of 107> P
** Viscosity of 10>7 P- 10° P

© PCMA 2008 - digital reprint
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Beginning of sintering corresponds with the so called softening point after Littleton,




formula is the relation of the sand contents to the sum of
sodium and potassium oxide contents.

The results of the analysis under a high-temperature mi-
croscope indicate that all the samples are so called long glass
in the hand-forming range. It means that they have a large range
of forming temperatures: 300°C (Table 3, Fig.1).

All the glass samples are long sodium-calcium-aluminum-
silica glass melted with natural soda. Trace elements, especially
cyrconium and itrium, clearly indicate a very different source
of sand used in the production of sample 1, as compared with
the other two samples. This probably means that sample 1 is of
a different provenience.

The samples are very long and also soft, meaning that they
were practical in the making with relatively low temperatures
and a broad temperature range for forming.
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