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Early medieval iron-smelting furnaces in Western Hungary
and their dating by thermoluminescence

Introduction

During the last 15 vears the investigation of the Western-
Hungarian slag-sites and the excavation of the iron-smelting
workshops has been connected with various physical and geophy-
sical measurements. The different physical dating methods
(C14, archaeomagnetic, TL) are even more important because at
the sites of former industrial activity we have scarcely enough
pottery to determine the age of the objects. These investigati-
ons are carried out by the members ef the Industrial Archaeole-

gy Working Group of the Veszprém Regional Committee ef the Hun-

garian Academy of Scicneos.l

During this project some types of early medieval iron-smel-
ting furnaces were found which resemble more or less those ex-
cavated in Moravia by V. Souchopova at Olomuéany.2

Therefore the finding circumstances and the possibilities
of more exact dating ~ in this case the results and problems
of the TL method - are important in the research of both terri-
tories. We hope that the exchange of experiences and the colla-
boration in the age-determination will help us to solve the
problem: where do the various types originate form, and what
connections can be observed during their further development.

The archaeological sites

These types similar to the Moravian ones are named in
Hungary after the first important sites Nemeskér- and Imola
types, respectively. The first means a free-standing shaft-
furnace, having a breast-wall made of clay with tuyeres fixed
into it. They also have a pit for the flowing-slag in front of

them, as the reconstruction of this furnace from Nemeskér
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The precedents of this type can be dated back on the ba-
sis of the sherds to the Avar age (Figs. 9, 10). The only
difference between these and the later Nemeskér-type is that
their basin is dug a little deeper (about 35-40 cm) into the
soil and have got a deeper pit in front of them. They have
been excavated so far in the outskirts of Avar villages at
Tar janpuszta and at Zamardi and in 1988 at Somogyvamos.

At Tarjanpuszta (in W-Hungary) the furnaces came to light
partly between the houses and baking ovens of the settlement,
located without anv system. E.g. among the remains of the
destroyed stone oven of a house, iron slags were found in
secondary position. The sherds date both the settlement and
the workshops to the second half of the Avar period. The TL-
samples were taken from the hard-burnt basins of the furna-
ces. The plaster was grev-burnt inside and red-burnt outside

(Fig. 1).

The Zamardi site lies South to Lake Balaton, in the vici-
nity of an extremely rich Avar cemetery with about 6000 gra-
ves. It was an important traffic- junction and perhaps an ad-
ministrative centre in the Avar times.

At this site remainsof the whole iron-smelting process
were found: the furnaces are surrounded by oval-shaped roasting
‘and charcoal-burning pits as well as reheating hearths. The
surface of these pits is also red- (and partly grey-) burnt,
so they are apt for taking TLesamples. Our samples originate
from a roasting-pit (No.4), from a typical free~standing fur-
nace (No. 1) snd from a reheating hearth (No. 3) On the basis
of the post-holes found on both sides, this latter was covered
with a roof, so the smelters used it for a longer t.;ilna...‘I

These burnt surfaces are suitable for cutting archaeomag-
netic samples from them as well. The age determined in this
way: AD 700-750 is in accordance with the IL-dating.5
The 014 results for this site (made by E. Hertelendi) are the
following®: OBJ. No. 6  672-777. A.D.

OBJ. No. 6 = 660-696. A.D. (Avar)
OBJ. No. 15 342-421. A.D. (Roman)
Another site dated with TL method is at Sopron-Kanyaszurdek.



The free-standing furnaces were situated rather close to each
other and their coating was built of stone. The reconstruction
shows the supposed way of blowing, and that the flowing slag
was collected in a pit before the breast-wall. Thus this variant
represents a more advanced phase of the O-IOth centhry Nemes-
kér-type. Unfortunately only scnme pieces of the original sto-
ne coating remained on the site in situ or in secondary po-

sition.7 The samples for TL-dating were from the hard-burnt
basins of the furnaces.

Since the sherds were not typical or were Roman ones
lying in secondary position, the basis of the archaeological
dating was the shape of the breast-walls and tuveres found in
situ. These closely resemble the Nemeskér ones.

Thqe importance of the Kanyaszurdok-site lies also in the
fact, that the mine where the iron-ore possibly originates
from, was also found and excavated. It is a pit-field con-
sisting of 227 funnel-shaped pits. They lie in a forest near
Kophéaza, about 5 km South-East from Kényaszurdok. Here limo-
nitic iron-ore was mined with shaft-working m.ethod.8

The Imola-type furnaces are built in the side of the
workingstt. jince they have no breast-wails, thev must have
been operated with open breast. This is the feature in which
they mainlydiffer from the Moravian ones. The workshop-com-
plex at Szakony (W;Hungary)g shows well the characteristics
mentioned above (Fig. 2). The Imola-type is found all over
the Carpathian Basin, mainly in the neighbourhood of early
royal fortifications and county-seats. They can thus be con-
‘sidered as remnants of the royal iron-producting organisation.
These workshops can be dated well both archaeologically and
with the archaeomagnetic method to the 10-11th centuries.

The only example which does not correspond with the date
mentioned above was found at SoPron-Méjus'l. tér. It has lying
above the graves of the early Roman southern cemetery of Scar-
bantia, and was surrounded by later Roman (4th century A.D.)
graves. Nevertheless it also belongs to the built-in type and
closely resembles the furnaces of the Imola-type.lo

This i1s why we tried to control the dating. It was made



difficult by the fact that the furnace was taken in situ to
the Museum of Sopron. Therefore it was not possible to place
dosimeters on the original site. The TL-results, according
with the archaeological observations show that this furnace
can not be dated as late as the 10."h century, rather some
centuries earlier. This is the only iron-smelting furnace in

~ the present Hungary that may be dated back to the Roman times.
Its shape and functioning raises the very difficult problem

of the continuation of the Roman traditions of metallurgy.

Thermoluminiscence dating

Minerals which can bhe found in potteries possés the abi-
lity to emit light at high temperatures, usually in the inter-
val from 200 to 400°C. This weak light emission, called thermo-
luminescence, is related to the release of trapped eloctrhns
from crystal lattice imperfections to lower energy levels. The
previous trapping is caused by ionisation due to trace amounts
of radioactive impurities. The inclusion technique, one of the
methods of pottery dating by means of TL, is based on the phe-
nomenon that mineral inclusions such as quartz and feldspars,
which are embedded in the clay matrix, have a much higher
sensitivity to "acquire TL" than the matrix itself. On the
other hand, the TL observed is a measure of the cumulative
"dose of radiation to which the inclusions have been exposed
since the previous heating. In the case of pottery the event
dated is the firing by ancient man’! (Fig. 3).

The accumulated radiation dose and hence the natural TL
induced in mineral inclusions originate from alpha, beta and
gamma radiations from uranium and thorium chains and potas-
sium which are invariably present in the clay. When the pot-
tery gets buried, radiation from the surrounding soil also
adds to the continuous build-up. The shallow traps of the
crystal lattice will continuously fade as even they are being
continuously irradiated, but the deeper traps giving rise to
.TL peaks from 300 to 400°C continue to build up without any

fading.

In the quartz inclusion technique, radioactivity-free
quartz grains of about 0.1 mm are usually separated from the
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pottery. For this grain size fraction, the contribution of
alpha radiation 1s négligible. Alpha particles from the grain/
matrix interface have an average range of about 0.02 mm and
the outer layer which is affected can be removed by treating
the grains with hydrofluoric acid. On the other hand, the
alpha particles are much less effective in inducing TL than
the same dose of beta and gamma radiation.

Hence, for the extracted grain size fraction, the accumu-
lated dose and the appropriate annual dose originate only from
beta particles from the pottery matrix itself, from the gamma
radiation of the burial soil and a small contribution from

cosmic rays (Fig. 4).

From a measurement of the TL emitted by the quartz sample
(natural TL, NTL) and by a proper laboratory calibration gi-
ving known artificial laboratory doses (artificial TL, ATL),
one can estimate the archaeologically accumulated radiation
dﬁse. By comparing this latter with the annual dose (doserate)
received by the quartz grains, the absolute age can be given
by the equation as follows:

Total dose since kiln-firing

Age (in vears) *= —m— e —mmem——_——rmE—-—F-—,—.———

Annual dose

In this simple age equation, many complicating factors
are involved. A nuamber of inherent uncertainties 1mplv a severe
limitation in improving the accuracy of the TL age. The overall
error is between + 5 and + 10 % of the age. However, IL is con-
sidered as a useful technique in archaeology, being potentiallv
the unique tool to date a great variety of i1norganic materials
even beyond 50 000 years which is approximately the upper limit
for radiocarbon dating. As far as findings of fired clay are
concerned, in the present practice TL dating should be reserved
for sites on which there is no material anough for radiocarbon
or an ambiguity exists in the radiocarbon results.

To apply the above age equation, reliable and very repro-
ducible NIL, ATL and dose-rate measurements are required. Du-
ring thé first period of our investigations (appr. ten vears
ago), TL measurements were performed with a Harshaw 2000A,B

TL analyzer.lz'l3 As far as the main features of this appa-
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ratus, in comparison with the standard model, are concerned,
the max. temperature was extended up to BOO'C. with the pos-
sibility of integration between any two predetermined tempera-
tures. The optical filters can easily be interchanged. In addi-
tion to this, TL measurements required a higher flexibility in
the heating progzram, too. This has been achieved by developing
an appropriate circuitry for preheating.

From 1985 on, the Daybreak photon counting system hasg been
used. This apparatus is designed specifically for TL research
in natural materials. It is modular expandable and compatible
with a wide range of system components. The temperature con-
troller has an extremely stable, reproducible digital ramp for
heating rates 0-25°C, automatic repeat ramp for the background
‘glow curve, a low-power, low-volume glow oven for fast cooling
and evacuation, and a pile-up compensating ratemeter that ex-
tends the single photon counting dynamic range to beyond ten
million counts per second. The system is packaged in two parts:
an eleetronic enclosure and the glow oven assembly with PNT-
housing (the PM tube is an EMI 9635QA selected for very low
dark count). The glow curves are recorded with a Canberra mul-
tichannel analyzer and then evaluated numerically.

As the potteries of prehistoric origin in the Carpathian
_basin are extremely poor in quartz grains, a special sample
preparation technique was developed to get a higher yield in
grains. The occurrence of the grains in the appropriate size
interval was found to be as low as a part of 10-4 of the who-
le material or less. In our procedure the sherds were crushed
to fragments of appr. 0.5 cm, divided into small portions and
sub jected to repeated attacks in HCl and HF by making use of
an ultrasonic bath. The clay matrix was successively elimina-
ted by rinsing in distilled water. The complete decomposition
of the fragments was followed by a continuous etching of the
residual grains in HF for an hour. After sieving, the fracti-
on from 0.09 to 0.125 mm was used for the TL measurements. Al-
ternatively, the procedure was complemented with a magnetic
separation by means of a permanent nag'n-t.

In our standard glow-out technique 2 mg portions ef guartz
were uniformly spread, as fairly loose monolayers, on stain-

less steel cups.
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Laboratory irradiations were carried out with a beta
irradiator (Daybreak model) containing a strontium source of
about 2.109 Bq activity. Its calibration was performed with
a gamma source at the National O0ffice of Measures. In our
standard onplate irradiation procedure, the dose delibered per
minute to quartz by the beta source quoted above is 2.49 Gy.

Typical glow curves can be geen in Figs. 5 and 6. The
principle of the additive technique for the assessment of
the total dose (Q+I) is schematized in Fig. 7. For dose-rate
measurements thermoluminescence itself was used. In TL dosi-
metry for radiation protection purposes, a nuaber of phos-
phors are available which can measure doses as low as 0.01
mFy or less. One of them, synthetic calcium sulphate activa-
ted by dysprosium, was selected for measuring gamma dose-rate
from the burial soil and beta dose-rate from the clay matrix
of the pottery.

In the ecase of the so0il, a copper capsule of wall thick-
ness 1 mm is sufficient to stop beta particles from reaching
the phosphor. After filling the capsule with about 0.1 g of
Cdﬂo‘: Dy it is made watertight and then inserted into the
Ss0il in as similar a situation as possible to that from which
the pottery fragment was removed. It is preferable to leave
the capsule buried for a year in order to even out seasonal
fluctuations of dose-rate which are due to variations in wa-
ter content.

For measurement of beta dose-rate from the clay matrix,
the caso4: Dy phosphor is contained in a polycarbonate tube
(internal diameter 1 mm) which is inserted into a small plas-
tic container filled with the powdered sample. By shielding
the container against external radiation, after a storage of
about a month the TL emitted by the phosphor can accurately
be measured. Alpha particles are prevented from reaching the
phosphor by the 0.2 mm thick wall of the tube. By appropriate
calibrations with samples of known radioisotope concentrations,
the correction factor, which is mostly due to beta attenuation
in the wall, was determined (the true dose within the sample
is appr. two times the phosphor dose).



The beta dose-rate is measured on dry material, therefore
it is to be corrected for the water content of the sample in
burial conditions. Wetness is expressed in terms of the saiu-
ration water content (W) and the actual value of Qbeta 18

given by | D

D

beta dry

=
beta 1 + 1.25 WF

where the factor of 1.25 accounts for the higher beta absorp-
tion of water relative to that of the sample. F denotes the
fraction of saturation to which the average water content cor-
responds. In this respect, there is a significant uncertainty,

hance F = 0.8 + 0,2 is assumed.

The annual dose is influenced by the radon emanation, too.
The escape of the gaseous member of the uranium chain can have
a substantial effect on dose-rate and we are limited to rough
estimations as far as the emanation extent in the true burial
circumstances is concerned. However, in most cases alpha coun-
ting proved to be a convenient laboratory approxilatioh. Crus-
hed samples were measured in sealed and unsealed condition as
well. When precise dating is required, only those samples should
be accepted for which the sealed count-rates do not exceed by

more than 10 % the unsealed ones.

When several samples from a context are investigated, the
" best value for the age of the context is obtained by weighting
the individual ages. This has been done for the site of Tisza-
polgér-Bastanya.l4 A review of these investigations will be
presented in the next Iuture.ls Prali-inary results, suggesting

two distinct archaeological periods, have already been described
in earlier papers.16'17'18 Recent works are in progress to date

some other neolithic and copper age cultures in Hungary (Csosz-
halom, Bodrogzsadany, Tiszaszolos) and in Yugoslavia (Vucedol).

TL dating in industrial archaeology

During the last ten years, several fragments from ancient
furnaces and hearths were investigated. Oppsitely to the pre-
historic potteries, these findings are rich enough in quartz
grains, so the sample preparation can easily be performed. In
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most cases, unfortunately, large mineral inclusions and vari-
ous inhomogeneities can also be found in and around the fired
material. The true dosimetry situation is strongly affected

by these local inhomogeneities which represent a severe limi-
tation in the accuracy of the annual dose. Therefore, in in-~
dustrial archaeology, the overall uncertainty of TL age amounts
to 10 - 20 %, depending on the propertioes of the context.

Only some of the results are given here (years BP; see
also in Fig. 8):
- Iron-smelting hearth, Tarjénpuszta (Fig. 9,10), aamﬁle-ref.
79/22. TL age: 1400 years (+ 25 %)1°
- Smelting~-hearth, Kanyaszurdok, sample refs. 2/80 and 4/80.
TL ages: 1180 (+20 ... - 10 %) and 1260 (+ 20 ... = 10 %)

years, rospoctivelj2° '

- Lime kiln, Pilisszénto. TL authentification: 17'P to 18"
centuryzl
~ Hbarts:zl ,
sample ref. probable TL age (years)
G1/80 (Tarjdnpuszta) 1130-1200
G2/80 (Kényaszurdok) 1190
G3/80 (Kanyaszurdok) 1260
G4/80 (Kanyaszurdok) 1250
- Iron-smelting fu;gace (Sopron). TL authentification: 10‘"

century or older | |
- "Red earthwork®, Sopron. TL age: 835 years (+ 12 %)23
- Zamardi, single TL dates for five furnaces: 1440, 1650, 1200,

1150 years (average: 1280 yvears).
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Jednou z metod, jiZ jsou datovany vysledky vyzkumi v Za-
padnim Madarsku ze poslednich 15 let je termoluminiscenéni
metoda. Zkouma objekty 2eleziarskych peci podobnj'rch pecim z vel-
komoravského a hradistniho obdobfi, jak je zname z vyzkumi
V. Souchopové na Blanensku. V Madarsku jsou nazyvany podle
mista je jich prvnich ndlezd jako typ Nemeskér - jde o Sachto-
vou volné stojici pec s dySnovou cihlou v hrudi pece a jamou
pro jiméni tekuté strusky. Vyvoj tohoto typu pece saha aZ do
obdobi Avarského panstvi napi. Tarjanpusta v zapadnim Madarsku,
ale také jiZn® od Balatonu v Zamardi. V prvém pripadé jsou
zbytky peci{ vtrouseny do chaoticky usporadaného osidleni,

v Zamardi byla odkryta hut, v niz 1ze sledovat cely vfrobni
proces: redukéni Sachtové pece jsou obklopeny ovalnymi prazi-
cimi pecemi, milifisti a vyhifivacimi vyhnémi, z jejichZ vyzdi-
vek byly odebrany vzorky pro datovani. Byly zjistény kidlove
jamky naznadujici, Ze &ast pracovisté byla zastiesena.

V Soproni - Kanyaszurdoku byly zdi%teny tif1 Sachtové pece
s kamennou obezdfivkou Sachty, postavené tésné pfi sobé se spo-
leédnou jémou pro strusku. Jsou datovany do 9.-10. stoleti-a
pfedstavuji vyvinuty zakladni typ Nemeskér. V tomto pripade
bylo patrné nalezeno i hornické dilo, v némZz byla téiena Zelez-
néd ruda pro hut. Jde o diln{i pole, v némZ se zachovalo na 227
valcovité zakloubenych jam. Pece typu Imola jsou vidy zahloube-
" ny do okraje pracovni jamy. Proces byl rizen otevienou hrudi
pece. Tento typ pece se nachazi v celé Karpatske kotliné a pe-
ce byly datovany jak pomoci archeologického materialu, tak
archeomagnetickymi metodami do 10. - 1l1l. stoleti. Nachazeji se
vétSinou v blizkosti krdalovskyvych hradi a lze predpokladat, Ze
-jejich ¢innost byla organizovana kralovsk¥mi uredniky.

Jedinou lokalitou, je jiZ datovani neodpovida uvedenenmu
datovéni, je lokalita v Soproni (Majus l.tér), ktere leZi nad
hroby raného fimského pohrebisté v Scarbantii a je obklopena
mladSimi Eimskimi.pohtby ze 4, stol.n.l. Tato skuteénost byla
divodem k novym méfenim, které do jisté miry nepiiznivé ovliv-
nilo preneseni pece do Sopronského muzea. Termoluminiscenéni
metoda vylouéila datovani . do 10. stoleti, naopak posunula star{
pece o nékolik stoleti nazpét a nevylouéila moZinost rimského
pivodu. Otazka rimské tradice v metalurgii Z2eleza a konstrukci

peci vSak vyfesena nebyla.
14



Metoda termoluminiscenénfiho detovéani je zaloZiena na
viastnosti keramickych hmot imitovat zareni za vyssi teploty
obvykle v intervalu 200 - 400°C. Slabé svételné zafeni zvané
termoluminiscence je spojeno s uvolnovanim elektronl v defek-
tu krystalické pritky na nizsi energetické hladiny; Predchoz{
zachyceni je zpiusobeno ionisaci vyvolanou stopovymi mnoZstvi-
mi radioaktivnich nedistot. Dalsi z metod Termoluminiscence
je metoda vméstkova, ktera je zaloZzena na jevu, Ze mineralni
vméstky kiemene a 2ivci, které jsou zachvcené ve strukturle
jilu maji mnohem vys$si citlivost k vyvolén{ termoluminiscence,
neZz vliastni struktura jilu.

Na druhé strané termoluminiscence je mfrou kumulované
davky radiace, jiZ bvly vméstky vystaveny od predchoziho vy-
paleni. Dalsi metodou je metoda vméstki kiemene. Spolivé
v tom, 2e z keramiky oddeli zrna kremene o velikosti kolem
0,1 mm, které jsou prosté radioaktivity a zjistuje podil za-
reni alfa, beta a gama vyvolaného okolni hmotou. Zjiéluje
pFirodni termoluminiscenci a podle kalib. ralni kifivky (umélé
luminiscence) uréfi archeoclogickyakumulovanou radiaé¢ni davku.
Pri srovnani této davky s rofnim poklesem radioaktivity pro
kfemenna zrna lze absolutni vék vyjadrit vztahem:

totalni davka od vypaleni

vek/rok = roéni davka

ProtoZe prehistoricka keramika z karpatske oblasti je extrémne
chuda na zrna kremene, byla vyvinuta specielni technika na
ziskani vetSiho mnoistvi (vvtézku) zrna. Jsou podrobné popsany
potfebné pracovni operace a metodv a zvere jnény vysledky dato-
vani archeologickvch objektd.
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Fig. 1 Tar janpuszta-Vasasfold II., ground plan of furnaces
No. 79721, 79/22 with a limestone heap (down, left)
and a reheating hearth (right), ‘I-St'h centuries

Fig. 2 Szakony, ground plan and section of workshop No. 6,

11th century

Fig. 3 Principles of TL-dating

Fig. 4 Contributions $e-the dose-ry

Fig. 4 Contributiohs to the dose-rate

Fig. 5 TL-glows and plateau-test (sample No. 53.35.116 from

Tiszapolgér-Basatanya), asymmetry is indicative of
possible fading

Fig. 6 TL-glows and plateau-test (sample No. 53.35.116 from
Tiszapolgéar-Basatanya) after a pre-heat at 320°C

Fig. 7 Determination of the palaeodose (sample No. 53.35.116)

Fig. 8 Comparative table of the ages of industrial archaeolo-
gical sites dated by different physical methods

Fig. 9 Tarjénpuszta-Vasasfold. Sherds found at furnace No. 1.

Fig. 10 Tarjédnpuszta-Vasasfold II. S herds found between the
iron-smelting furnaces
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Fig. 9
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Tarjénpuszta,Vasasfsld II. M:1:1

Fig. 10
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