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Kazimierz Bielenin

SESTRACT: In 1955, in the north-eastern regions of the Hely Cross Mountains, archaeological investigations of early historic iron working
== were begun (Fig. 1). These investigations, as is widely known, led to the discovery of traces and remains of the sites of major mining and
== working operations dating to the first centuries after the birth of Christ (Fig. 2). The fundamental material evidence for the study of these
ge=siems is the iron slag, which survives right through to the presentday (Fig. 3). Greater or lesser quantities of iron slag found in the fields of
“wadual farms, orin the forests of the Lysogory and Jeleniowskie Mountains (Fig. 4). today constitute the main record and demonstrate the
istrial past of this region in the early historic period. We know now that the site of each find of iron slag is evidence of aformer bloomery
S==fing site and the only document of its working and production. For this reason a detailed listing of all of these bloorn smelting sites is
‘et needed. Thus it was necessary to construct a specific gazetter of early historic metallurgical works in the Holy Cross Mountains.

n 1979, the archaeological museum in Krakéw, in
saiaboration with the Society of the Friends of the Ancient
#SsA Mining and Smelting Industry, and the
Shaeological Conservation Centre of the district of
Sleice, began the systematic listing of sites of the finds of
Sisamery slags in the Holy Cross Mountains. The aim of this
sk is, most of all, to produce a detailed list both of the sites
‘e=ady registered as well as those not yet included in the list
¥ siag sites in the region of the early historic metallurgy in
e Holy Cross Mountains. Where possible, sites are also
meuded in the register which were opened before the
survey but have since been ploughed out by farmers. The
“estruction of this inventory made it possible to produce a
“mmplete catalogue of all bloomery sites from the La Téne
emod and the Roman Iron Age in this territory. Only after
W completion of this project will it be possible to
sampletely reconstruct the picture of the organisation of
W Fon industry in this region in the early historic period.

L=t me just add that up to August of this year, 4307 sites
o won slag finds in the territory have been listed and
wccurately plotted on the maps at a scale of 1:5000,

1o date, 105 smelting sites have been excavated. The
\mestigated slag sites represent two aspects of production
‘wity, (a) craft production to meet local needs; (b)
“aesanised” bloomery smelting sites.

‘2] Their representatives are the so called “unorganised”

Weomery sites (Fig. 5). On the average amongst these we

“mciuded the sites with up to 19 bloomery furnaces which
“ewe 2 random character with no planning to the layout of
e fumnaces. The "unorganised” bloomery sites occur both
= setlements, and also on the mountain slopes outside
s=mements. Untl now, 28 such sites have been
mestigated.

5] The so-called "organised” bloomery smelting sites
= as a rule large sites, on which are preserved the remains
& entire, elongated fumace pit ‘corridors' that are the result
= multiple, consecutive smelting processes (Fig. 6). These
~waendors’ are arranged in horizontal rows, or batteries, of
W, three, four, and even five furnaces set side-by-side.

The orderly layout of bloomery furnace pits gives this
See of bloomery production site of that period the
maracter of an organised undertaking. It is obvious that a
“ngle idea or rule was underlying the localisation of the
Samaces (Fig. 7), and this rule must have been observed by
= entire team working in that workshop. Within the
“onfines of one such bloomery smelting site we may find
=n between 100 and 200 furnaces. C-14 determinations
we dates from the beginning of the millenium through to
e early 3rd century. Until now, 64 such sites have been
swcavated.

The “organised” bloomery smelting sites in the Holy
Trass Mountains represent a large industry, which in the
==ty historic period produced that valuable raw material,
wrought iron, and in so great a quantity, as to exceed by
s=veral times the local demand for iron. Good organisation
= the production at that ime is obvious from the thousands
of registered smelting sites, which have hundreds of
“urmaces arranged in batteries of twe, three or four each. For
= operation of this production, it was necessary to have a

proper iron ore mining system (Fig. 8). This undertaking
had the character of an industrial organisation, and is an
exceptional phenomenon in the history of technical
civilisation of the early historic world outside the boundaries
of the Roman Empire.

We are dealing here with a production that was organized
for export. Despite other views to the contrary, the
customers for the iron from the Hely Cross Mountains, from
the “organised” bloomery sites, were the markets of the
Roman provinces, But this is not the subject of this paper.

The “organised” bloomery smelting sites in the Holy
Cross Mountains being organised workshops for iron
production, a range of practical artifacts and structures was
connected with their work. Most of these structures had
been completely above the ancient surface level, or only
little below that. For this reason one cannot entirely and
completely reconstruct their function.

As an example, we may here mention site No. 4 at
Jeleniow (Fig. 9), where next to an “organised” bloomery
smelting site the remains of a bloom-smithing site, are-
roasting site, and charcoal making area were discovered.
Similar structures and sites were found close to the
bloomery smelting at Jeleniow site 1, (Fig. 10), at Komno:
ore-roasting place, charcoal making area, ore pile, and
bloom smithing area. Moreover, one may sometimes
uncover traces of hitherto unknown objects, in the form of a
molten slag which has filled a container.

On account of the theme of this symposium, | will restrict
myself only to the presentation of the smithing element in
the operation of bloomery sites in the Holy Cross
Mountains, that is that section of the work which lasted from
the end of the smelting of iron through to the delivery of the
produced iron to the production organisation.

At the beginning of the research into iron smelting sitesin
the Holy Cross Mountains, the most important riddle was
the-gbsence of metallic iron, whose traces could not be
found either in the furnace pits, nor in the occupation layers
of the bloom smelting sites nor in their environment. Until
1959, despite the examination of nearly 30 slag sites, and
the discovery of their associated bloomery smelting areas,
one could not really identify metal which had derived from
these sites, and in this connection not safely make
comment on the early historic iron from the bloom
smelting sites in the Holy Cross Mountains.

In 1959 examination of bloom smelting site No. 4 at
Jeleniow were begun using a magnet. With the aid of the
magnet, the reaction of all of the iron slag pieces from the
excavated sections were scrutinised. it was established that
the fragments of iron slag, with a tap-slag-like and porous
structure did not react to the magnet. In the north-western
corner of the section, it was established that the layers had a
different composition than the level at which the bloomery
furnaces were to be found (Fig. 9). Here a brown humus
could be identified that occured in the corner at the right of
the furnace corridor’. This layer, which was very firm and
compact, was embedded in the loess at a depth of about
30cm.

It contained numerous weathered fragments of a
material that seemed to be slag, and small pieces of
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Fig. 1. North-western of the Holy Cross mountains, with large numbers of iron slag concentrations from
antiquity.
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Fig. 2. (1) Concentrations of ancient traces of iron slag in the north-western region of the Holy Cross
Mountains; (2) iron ore mines at Rudki.




Fig. 3. Characteristic structure of Holy Cross Mountains iron slag.




- Fig. 4. Chance finds of iron slag in the Holy Corss Mountains: (1) pokrzywnica, by the side of a path; (2)
Baszowice, in a path through a field; (3) Rudki, blocks of iron slag at a field boundary.
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Fig. 5.4azy site 3, an example of an unorganised bloomery site in the Holy Cross Mountains.

Fig. 6. Stara Sfupnia, an example of an organised bloomery site in the Holy Cross Mountains.
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Fig. 7. £omno, site 23, a further example of an organised bloomery site
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Fig. 8. Rudki, Holy Cross Mountains, iron ore mine from the period of Roman influence: (1) section of a
vertical shaft traced to a depth of 18m underground; (2) section of mine working discovered during
archaeological excavations at Rudki; (3) remains of a wooden spade.
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Fig. 9. Jeleniéw site 4, beside the organised bloomery: (A) bloomsmithing site; (B) ore roasting site; (C)
charcoal making area.
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Fig. 10. Jeleniow site 1: bloomsmithing site beside the bloomery.




Fig. 11. Jeleniw site 4: slag-like material which can be spearated out using a magnet, this is metal
spalled off during the smithing of the bloom.

Fig. 12. Examples of “groups” from the Holy Cross Mountains.
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Fig. 13. Skoszyn site 3: Bloomsmithing site beside an arrangement of bloomery furnaces.
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Fig. 14. Skoszyn site 3: organised bloomery site with 106 bloomery furnaces.
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charcoal. Between 10 and 15% of this slag-like material
reacted to the magnet (Fig. 11). The rest of the sample,
although it could not be distinguished by eye from the
other, did not react to the magnet. These slag-like
fragments had a size of 1-8mm, a weight of up to 160g, and
an irregular form. They completely lached the level surfaces
indicating smithing.

The fragments of the slag-like material which one could
gather from the deposit with the help of a magnet, were
called by M. Radwan, grap (plural grapie); (Fig. 12) after the
Polish smelter of the early 17th century W. Rozdzienski.
These are fragments which are the side product of the
smithing of iron blooms: today they represent a valuable
research material. Metallographic examinations showed
that in some of these objects, the metal is very dense, butin
the majority of cases it is porous and adheres to slag. The
unetched sections showed a distribution of metal over the
whole section. One frequently found cases of extremelyfine
grains of metallic iron, clustered in larger groups. The
examination of the etched section showed also full range of
structures in the iron-carbon system, from pure ferrite,
through ferrite-pearlite structures, to structures of white and
grey cast iron.

In August 1984, examination of the slag site Skozyn No.
3, led to the discovery, in the front section of a bloomery
smelting site, of a structure connected with the smithing of
blooms. In it were found numerous heavily corroded
grapie, some of which reacted to the magnet. This structure
of oval shape and with a diameter of about 180cm, had
been dug into the loess layers (Fig. 13). At its base was
found the circular forge (diameter about 80cm) with heavily
molten grapie, and under the grapie were found pieces of
charcoal.

This bloomery smelting site is one of the classic
warkshops of the early historic iron working in the Holy
Cross Mountains (Fig. 14). It comprised two parallel
‘corridors’ of furnace pits. The right-hand 'corridor’ consists
of furnaces arranged in batteries of three or (in one case)
four; it had 47 furnaces in all. By way of contrast, the left-
hand ‘corridor’ had its furnaces arranged in batteries of four
or (in two cases) five. In this bloomery smelting site there
were altogether 106 bloomery furnaces together.

The areas of dense occurence of grapie in the
neighbourhood of the smelting furnaces demonstrated that

it was here that the working up of the iron blooms took
place. Most likely, the blooms of metallic iron were fettled
here directly after their removal from the fumace. In this
process, the spongy bloom was forged into a compact
piece of iron from which lumps of slag had been expelled.

Because until now on the examined bloomery smelting
sites of the Holy Cross Mountains no iron tools, tongs,
hammers, anvils, or even stones have been found, one can
take it that the iron blooms were worked with the aid of
wooden hammers on a tree-trunk, close to the discovered
forges. This technigue of forging iron blooms was practised
by the smelters in medieval bloomeries, and in recent times
practised in the production of Frischeisen and puddled
iron,

We now know on the basis of experimental studies that

during the smithing process the most carburised fragments
of iron becoming detached from the bloom, are from the
outer layers. The discovery that bloom smithing sites were
structures regularly attached to the “organised” bloomery
smelting sites in the Holy Cross Mountains, demonstrates to
us that at least the preliminary smithing of the iron
produced at these sites was carried out there. Nevertheless,
these smithing sites were not themselves smiths'
workshops. The bloomery smelting sites produced iron in
the form of semi-products, and who the customers for this
iron from the “organised” bloomery sites in the Holy Cross
Mountains were, is, of course, another theme for research.
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