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Summary Two types of archaeological artefacts from remains of Early Medieval Age fumaces excavated in Nitra are

analysed. They are supposed to originate from slag of glass and iron production. Employing Méssbauer spectrometry, iron
erystallographic sites are identified and compared. In all samples, Fe™ and Fe'* structural positions were revealed. Some of
the archacological artefacts including those that were supposed to originate from glass production show a presence of
metallic iron and/or magnetic oxides. Based on the results of Massbauer effect measurements performed at room temperature
as well as 77 K (liquid nitrogen temperature) analytical evidence is provided that the iron sites identified are not as those
gsually encountered in glasses. Consequently, a conclusion is proposed that neither of the investigated furaces was used for

glass production.
1L INTRODUCTION

In 1960, remains of four furnaces from Early
Medieval Age were excavated i Nitra [1] (Fig. 1).
Because a lot of glass—like findings were found on
this site the function of furnaces was considered as
being used for production of glass even though no
analytical tests were performed. These dig-outs were
divided into two groups: The first group contains
dark glass—like archaeological fragments which were
interpreted as a waste (slag) of a glass production.
The second group consists of archaeological
artefacts which were thought to be a slag from iron
production.
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Fig. 1. Schematic reconstruction of an Early Medieval Age
Surnace from Nitra {after [1]}

D. Staggikovi-stukovskd discusses in works [2,

3] the interpretation of four furnaces and from the
results of her research it follows that the first group
of archaeological artefacts are in fact slag formers
which were used for iron production. Tt is considered
that the furnaces were not used for glass production
but mare probably for iron production.

This work aims in verifying the above mentioned
iﬁfz&umptims using Mdassbauer effect experiments,
“'Fe Mossbauer spectrometry is an analytical tool
which uniguely identifies structural positions of iron
atoms contained in the investigated material. Due to
this feature Mdssbauer spectrometry finds brouad

applications in archaeological research [4]. It is
widely used for the analysis of corrosion products
[5] or clays and pottery [6]. By the help of
Massbauer spectrometry, firing conditions
comprising the type of atmosphere and consequent
formation of different colours were examined in
fragments of archaeological pottery [7].

2. EXPERIMENTAL DETAILS

Samples for Mossbauer effect experiments were
prepared by crushing to powder pieces from two
groups of species: (i) glass-like material (denoted as
G). and (i1) slag-like leftovers (8) collected from
furnaces which were supposed to be used for glass-
and iron-production, respectively. Three types of
samples  were prepared  from  each group of
archacological artefacts. Each sample was measured
at room (RT) and liquid nitrogen (LNT) temperature
in transmission geometry using a > Co(Rh) source.
Calibration was performed with «-Fe. Hyperfine
parameters of the spectra were refined using the
CONFIT fitting software [8]. We have applied a
model which consisted of up to four doublets for
paramagnetic components and one or two sextets for
magnetically split components i any.

3. RESULTS AND DISCUSSION

Ropom temperature ~ Fe Mossbauer spectra of all
samples are shown in Fig. 2. They exhibit well
developed doublet-like features which consist of
four doublets with different isomer shift (IS) and
quadrupole splitting  (Q5). According to these
spectral parameters, the identification of particular
iron positions is possible and even the coordination
number can be estimated.

Apart from dominating quadrupole doublets.
small contributions of magnetically split lines are
revealed in G1, G2, and in S1. The sextets were
identified by the help of their hyperfine magnetic
fields B to belong to o-Fe and o-Fe,O4 (hematite).

The refined spectral parameters of individual
components including isomer shift (75), quadrupole
splitting (@5). as well as spectral area A, are listed
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Fig. 2. VFe Méssbauer spectra of Gl (a), G2 (b), G3 (c), $1 (d), 52 (e}, and 53 (f} recorded at room (300 K) temperatire.

Tab. 1. Parameters of Missbauer spectra recorded at room temperature for GI1-G3 and $1-53 samples: 1S — Isomer shift, 05
w guadrupole splitting, A,y — relative area, and B ~ hyperfine field (for sextets only). Identification of speciral
components is provided under “note” together with the corresponding coordination number.

3. Though minute in relative amount, the

mvolvement  of  magnetically  sphit  spectral

components (sextets) is unambiguously recognized.
In G samples of glass-like group {1}, we have

and (i1), have diverse values of isomer shift /S and
quadrupole splitting  OS. These differences in
spectral parameters imply distinctions in particular
structural positions of the resonant atoms even

found two types of divalent Fe atoms with though they depict the same valence and
coordination numbers 4 and 6, and tivalent Fe™ in coordination.
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Maossbauer spectra of the samples measured at
liquid nitrogen (77 K) temperature which are shown

of Fe™ with coor mber 4 and Fe™ also in in Fig. 4 show no changes in the number of
tetrahedral  coo is noteworthy  that components. In addition, none of paramagnetic

sample G sample 5 ;:
sample’s IAY o8 At note 15 oS A, note ii
number | (mm/s) | {movs) | (%) {mm/s) | {mm/s) EE
0.01 0.00 5 Jo-Fe(B=33.08T) 0.00 0.00 2 o-F(B=3290T) .
i : - - 026 | 028 | 4 |Fe,05(B=5023T) ]]
I 119 | 223 | 12 (Fe¥.6 116 | 282 | 12 Fe 4
14 | 184 | 53 |Fer. 4 L1 251 12 Fer ll}
082 ¢ 192 | 21 [Fe™ 4 L1l 202 35 I
0.75 1.46 9 Fe™. 6 038 | 070 | 35 ?“
0.01 | 000 | 4 |oFe(B=3308T) - - -
119 2.24 19 Fe™.6 1.17 2.86 | 24 |Fe™. 4
2 1.19 1.80 31 (Fe™ 4 114 2.56 22 |Fe™, 4
0.89 196 | 29 |Fe™. 4 1.13 202 | 31 |Fe™.4
0.82 1.52 17 |Fe™. 6 (.38 0.75 23 |Fe't, 4
1.08 246 21 (Fe™, 4 18 2.80 25 Fe 4
3 105 204 | 32 |Fe™ 4 1.17 226 | 35 |Fe™.4
1.02 1.62 33 (Fe™ 6 0.92 212 | 20 (Fet.4
0.94 112 14 |Fe™. 6 0.48 0.48 20 |Fe. 4
Decomposition of a typical Méssbauer spectrum divalent Fe atoms with coordination number 4,
into its components is shown as an example in Fig. which are identified m samples of both groups (1)
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Fig. 3. Room temperature Mossbauer spectrim of §1
decomposed into its components.

doublets observed at room temperature has split into
sextet at low temperature which might indicate that
some of the doubles would represent small

magnetically active particles in  extra frame
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positions. The spectral parameters derived are listed
in Table 2.

Presence of metallic iron in structural positions
of glasses is very improbable. Iron in glass is usually
in the form of Fe,O5 located either in structural Fe™*
tetrahedral positions which are characterised by
quadrupole doublets or as octahedral Fe’* typical for
extra frame positions [9]. The latter are
demonstrated as magnetically split sextets. From this
point of view, presence of Fe'* with tetrahedral
coordination in all samples from group (i1) as well as
traces of o-Fe,Oy in S1 may suggest that these
archaeological artefacts  originate  from  glass
production furnaces. However, presence of «-Fe
rules this conclusion out. Most probably the
hematite which was revealed in S1 is a corrosion
product of extra frame metallic iron which was also
found in this sample.

The fact that we have found o-Fe in some of
group (i) samples suggests that this glass-like
material is not a slag from glass production either.
Moreover, Fe’* iron sites identified in the GI — G3
samples do not represent tetrahedral coordination.
We can speculate that in spite of their “glassy™ look,
group (1) samples do not originate from glass
production and that they were used as additives for
iron production,

4. CONCLUSIONS

YFe Mossbauer effect measurements performed
upon two groups of archaeological artefacts
provided information about the composition of these
materials. Presence of metallic iron in two samples
originally assumed 10 be of glass production waste
means that this specification is most probably
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baner spectra of Gl {a), G2 (b), GI (¢l $1{d}, 32 (e}, and 83 (fi recorded ar 77 K.
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samples are probably iron slag or slag formers which
were used for iron production.

ncorrect. It seems that the origin of these samples
{group (1)) is the same as that of the group (i), All

Tab. 2. Parameters of Mdssbauer speciva recorded at liguid nitrogen (77 K) temperature Jor G1-G3 and §1-53 samples: 15 ~

isomer shift, Q8 — quadrupole splitiing, A, ~ relative area, and B ~ hyperfine field (for sextets only). Identification of
spectral components is provided under “note” together with the corresponding coordination number.
sample G sample S
sample’s IAY os note 15 oS Aot note
number | (mm/s) | ) (mm/s) | (mm/s) | (%)
0.03 o-Fe (B=33.61T) 0.02 0.00 2 Jo-F(B=3350T)
- - - 0.28 -0.10 30 Fe,0s(B=50L147T)
I 1.04 1.88 | 24 1.23 292 | 23 |Fe™. 4
1.35 2.25 22 1.20 2.56 18 |Fe™ 4
1.06 2.32 30 1.12 2.04 19 Fe™ 4
1.02 132 | 20 0.45 072 | 35 [Fe* 4
0.00 0.00 3 - - -
1.03 1.92 26 1.28 292 37 |Fe, 4
2 1.34 2.24 20 113 2.88 16 |Fe™. 4
1.05 236 | 23 1.18 216 | 24 |Fe™ 4
1.03 1.34 | 22 0.45 074 | 23 |Fe™ 4
1.18 2.67 17 1.23 2.92 34 |Fe™ 4
3 1.14 2.25 26 1.24 2.38 28 I:'?e/:ﬂ 4
110 1.82 37 0.99 2.18 I8 |Fe™. 4
1.03 1.32 20 0.51 0.56 20 Fe't 4
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