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Re mains re sult ing from his tor i cal iron smelt ing and char coal burn ing in the Daleszyce re gion (Holy Cross Moun tains, Po -
land) have been ex am ined us ing a com bi na tion of anal y sis of ar chi val map data, his tor i cal lit er a ture re view, dig i tal el e va tion
mod els, and ab so lute dat ing tech niques (ra dio car bon and dendrochronological dat ing). We iden tify and doc u ment sites as -
so ci ated with iron smelt ing and char coal pro duc tion, in the form of ex ten sive rem nants of bloomeries, iron works, iron ore ex -
trac tion shafts, and char coal hearths, con firm ing the sig nif i cant role of met al lurgy in shap ing the his tor i cal land scape.
Ra dio car bon and dendrochronological dat ing in di cate that iron smelt ing and char coal pro duc tion were ac tive be tween the
16th and 19th cen tu ries. The en vi ron men tal im pact of met al lurgy, par tic u larly de for es ta tion, and its con tri bu tion to lo cal eco -
nomic de vel op ment, is high lighted. These find ings serve as a foun da tion for fur ther in ter dis ci plin ary re search on his tor i cal
met al lurgy in Cen tral Eu rope.

Key words: his tor i cal met al lurgy, char coal burn ing, iron smelt ing, ra dio car bon dat ing, dendrochronology, Holy Cross Moun -
tains.

INTRODUCTION

The Holy Cross Moun tains re gion, due to its nat u ral rich -
ness, in clud ing no ta bly in iron ore, has long  been a site of var i -
ous hu man ac tiv i ties (Orzechowski, 2007). As shown by pre vi -
ous stud ies (e.g., Bielenin, 1992, 1993; Przychodni, 2002,
2006; Orzechowski, 2007) iron has been smelted in the area as
early as an tiq uity and con tin ued into the pe riod of Ro man in flu -
ence. At that time there was a huge smelt ing cen tre in the Holy
Cross Moun tains, of com pact char ac ter and mainly in the
north-east ern foot hills of the £ysogóry range. Iron was pro -
duced in caul dron-shaped fur naces with above-ground shafts,
com monly called bloomeries (dymarki; Orzechowski, 2007).
Three sites with traces of an cient smelt ing pro duc tion (res i dues
of smelt ing slag) were re corded in the study area in the vil lage of 
Napêków (AZP 86-65) (Przychodni, 2006). In ad di tion, stud ies
of the peat bog in S³opiec made by Szczepanek (1982) dem on -

strated a cor re la tion of pol len curve changes with the func tion -
ing of an cient met al lurgy in the Holy Cross Moun tains in the
11th cen tury. Peat thick ness here reached 5.05–5.15 metres
(Szczepanek,1982). Min ing, smelt ing and pro cess ing of iron in
the area of the Holy Cross Moun tains and its pe riph ery also
took place in the Mid dle Ages and his tor i cal times (Sedlak,
1976; Orzechowski, 2007; Kalicki et al., 2019, 2020; Rutkiewicz 
et al., 2019; Przepióra and Kalicki, 2024). How ever, it was al -
ready a dif fer ent type of met al lurgy, us ing wa ter power and wa -
ter wheels, and a dif fer ent type of fur nace, with the change from 
bloomeries to blast fur naces. Smelt ing plants were lo cated in
river val leys, and the smelt ing dis trict op er at ing here con sisted
of many scat tered plants in var i ous river bas ins (Drogosz and
Cedro, 2020). Ac cord ing to the Ar chae o log i cal Pic ture of Po -
land (AZP), iron pro duc tion sites from the Late Mid dle Ages
(13th–14th cen tu ries) were also rec og nized in the study area,
and frag ments of iron slag from pro duc tion in bloomeries in the
vi cin ity of Napêków (6 sites) and in the vi cin ity of Smyków (one
site) have been found (mapy.zabytek.gov.pl/nid/).

Char coal pro duc tion was es sen tial for the de vel op ment of
this ac tiv ity (Rutkiewicz et al., 2017, 2019; Rutkiewicz and
Malik, 2019; Rutkiewicz and Kalicki, 2022). Char coal burn ing
was the pri mary method of pro duc ing char coal un til the early
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20th cen tury. Wood burn ing took place in piles of wood, ar -
ranged in a dome shape and cov ered tightly with clay, soil or
draped with turf. The wood was burnt in the char coal hearths
with a small, con trolled ac cess of air to pro duce char coal by dry
dis til la tion. The char coal ob tained in this way has a higher ca lo -
ric value than wood  and is there fore a more eco nomic fuel type
if it needs to be trans ported over lon ger dis tances. More over, it
was a better high-en ergy fuel nec es sary for smelt ing iron ore
(Hollingdale et al., 1999; Groenewoudt, 2007; Hirsch et al.,
2018).The smelt ing of the ore it self took place in bloomeries,
i.e. an cient smelt ing fur naces in which iron was ob tained by re -
duc ing ox ide iron ores at high tem per a tures gen er ated by burn -
ing char coal. Bloomeries had the form of fur naces that were
par tially bur ied in the ground and were for sin gle use (Bielenin,
1992, 1993; Przychodni, 2002, 2006; Orzechowski, 2007,
2013). In the case of sin gle use bloomeries af ter the smelt ing
pro cess was com pleted, the above-ground part of the bloomery 
was de stroyed and the bur ied part to gether with the slag was
left be hind. These re mains are to day a valu able source of in for -
ma tion on pre his toric iron met al lurgy (Bielenin, 1959a, 2005;
Suliga, 2006; Bielenin and Suliga, 2008; Orzechowski, 2012;
Przychodni and Suliga, 2016; Kupczak et al., 2024). Dur ing the
me di eval pe riod, bloomery evolved slightly to be come what was 
called a me di eval or mod ern bloomery. It dif fered from an cient
shaft-caul dron fur naces, com monly re ferred to as bloomeries,
in that it was of per ma nent con struc tion as op posed to the
“one-off” an cient bloomery. It was also, of course, much larger
in size (Ko³odziejski, 2020). There is no de scrip tion of a Pol ish
bloomery from the 12th–16th cen tu ries. Only the met al lur gist
poet W. RoŸdzieñski gave some re marks (in a poem) about its
con struc tion. “The body mea sured 142 ´ 142 ´ 99 cm, and the
mor tar – cru ci ble had a di am e ter of 42 cm and a depth of 28 cm. 
The bel lows and ham mers were driven by wa ter power” (Kmieæ, 
2000). At the turn of the 16th and 17th cen tu ries, blast fur naces
were in tro duced in the Pol ish lands, re plac ing the me di eval
bloomeries (Nowak, 2020) for the slag and an ar ti fi cial air draft
was forced us ing bel lows.

The iron ob tained in the bloomery fur naces was soft, con -
tam i nated with slag and had the form of lumps of sponge iron,
known his tor i cally as “blooms”, so fur ther pro cess ing was re -
quired to ob tain ma te rial suit able for pro duc ing tools or weap -
ons. To ob tain hard iron, blooms had to be re moved from the
fur nace and forged with the ad di tion of char coal. Forg ing in -
creased the de gree of carbonisation and trans formed the soft
iron into steel. This took place in forges, where the met als
smelted from the ore were treated or con verted us ing a ham -
mer driven by the en ergy of a waterwheel. The ham mer mills
were also the place where semi-fin ished and fin ished metal
prod ucts were shaped.

The de vel op ment of met al lurgy was there fore in ex tri ca bly
as so ci ated with char coal pro duc tion on a large scale (Rösler et
al., 2012; Raab et al., 2015, 2022; Rutkiewicz et al., 2017, 2019; 
Deforce et al., 2021; S³owiñski et al., 2024), be cause the smelt -
ing fur naces re quired this high-en ergy fuel, and due to the fact
that char coal was a reductant of ox ide iron ores in the smelt ing
pro cess.

In the area of the Holy Cross Moun tains, the pro duc tion of
iron and char coal has a long his tory dat ing back to the 4th cen -
tury. The ex is tence of both these forms of hu man ac tiv ity is well
doc u mented in his tor i cal sources (Bielenin, 1959b, 1973, 1992, 
2006; Radwan, 1959). Rem nants of re lated in fra struc ture are
also still ev i dent in the area, such as iron ore ex trac tion shafts,
re mains of char coal hearths, bloomeries, iron works, and dams,
ponds and chan nels, which were built to dam up the wa ter
needed to power wa ter wheels and other mech a nisms (e.g.,

Kaptur, 2014; Chrab¹szcz et al., 2017; Przepióra, 2017;
Przepióra et al., 2019; Aksamit et al., 2019; Rutkiewicz et al.,
2017, 2019; Kalicki et al., 2019, 2020; Fularczyk et al., 2020;
Kusztal et al., 2020; Kusztal, 2022).

This study doc u ments the re mains of his toric iron smelt ing
and char coal burn ing in the vi cin ity of Daleszyce city and de -
scribes their en vi ron men tal and his tor i cal con text. For this pur -
pose, we have uti lised var i ous meth ods: anal y sis of ar chi val
car to graphic doc u ments, his tor i cal lit er a ture search, in spec tion
of dig i tal el e va tion mod els as well as age de ter mi na tion, namely 
ra dio car bon dat ing and dendrochronology. This study serves
as a case study and a ba sis for fur ther re search.

STUDY AREA AND ITS SUITABILITY FOR IRON
SMELTING

The study area is lo cated in the macro-re gion of the Kielce
Up land, on the bor der of the mesoregions of the Holy Cross
Moun tains and Szyd³owieckie Foot hills (Richling et al., 2021;
Fig. 1). The north-east ern and north ern part of the study area is
dom i nated by dis tinct bands of hills de vel oped on out crops of
Paleozoic rocks. These are the Bieliñskie, Or³owiñskie,
Ociesêckie, Cisowskie and Brzechowskie ranges. The rel a tive
heights here reach 200 m. In the south-west ern and south ern
part of the study area, the ab so lute heights are lower and the re -
lief less var ied. There are low hills de vel oped on out crops of
Paleozoic and Me so zoic rocks. Be tween Daleszyce and
Smyków, in the cen tral part of the study area, there ex tends a
large flat area oc cu pied by peat bogs which are part of the Bia³e
£ugi na ture re serve (Fig. 1). The re gion de scribed is con tained
within the bound aries of the De tailed Geo log i cal Map of Po land
(SMGP) 1:50 000 (852), Daleszyce sheet (geologia.pgi.gov.pl -
/mapy/?page=Karto grafia-geologiczna). An es sen tial el e ment
that al lowed the ex is tence of iron smelt ing was the pres ence of
raw ma te rial in the form of iron ores.  The ore-bear ing ho ri zon,
which has been ex ploited in the vi cin ity of Daleszyce
(Brzechowskie range), was called the ore-bear ing Cuvinium or
Lower Eifel ore-bear ing clays in the older lit er a ture. It oc curs in
the Kielce re gion at the bound ary be tween the Lower and Mid -
dle De vo nian. It ex tends in a nar row belt from the vi cin ity of
Porzecze by the Bobrza River  in the west, through Miedziana
Góra, the north ern part of Kielce, Niestachów, Daleszyce, to
£agów in the east (Kozak et al., 2025). Iron ores ex ploited north
of Daleszyce, in the foot hills of the Koski, Pod³aziana and
Œwinia Góra hills, were de scribed by Czarnocki (1956). They
be long to the Porzecze ore-bear ing siltstone cell. Within it, there 
are ir reg u lar, nested ore bod ies, con sist ing mainly of li mo nite
and clayey ferruginides, and to a lesser ex tent of he ma tite
(mainly in the form of so-called “he ma tite cream”). These de -
pos its are lo cated in the clay tran si tion zone sep a rat ing the
Lower De vo nian sand stones from the Mid dle De vo nian
dolomites (Kozak et al., 2025). Lower De vo nian si der it ic
wackes be long ing to the Haliszka For ma tion and Lower and
Mid dle De vo nian claystone with sid er ite be long ing to the
Barania Góra For ma tion con tained more iron com pounds
(Tarnowska, 1995; Wójcik, 2015). Si der it ic wackes were found
in the vi cin ity of Borków and Belno vil lages, at the foot of the
Sikorza and ̄ arnowica hills, on the slopes of Wa³ hill, and at the
foot of the Kamionka, Kamieñ and Sto³owa hills. Whereas, si -
der it ic clays oc curred on the Sikorza, Pod³aziana, Œwinia,
Koska hills, north of Daleszyce and south of the Belnianka val -
ley, on  Hucisko, Ska³ka, Kamionka, Wrzosowa and Wrzeœnia
hills, as well as on hills south of Borków and north-west of
Szczecno (ver bal in for ma tion from Pedrycz, 2024; Fig. 2). Iron
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ore was also ex tracted from bog iron ores which were com mon
and readily avail able. These were ex tracted from the
floodplains of the Belnianka and Czarna val leys, the wetlands
ad ja cent to them and from peat bogs (Fig. 2).

The Belnianka val ley and the val leys of its trib u tar ies (in -
clud ing the Nidzianka) are also dis tinc tive in the to pog ra phy of
the area. The rivers of the Holy Cross Moun tains re gion were of
great im por tance for hu man eco nomic ac tiv i ties. It was in them
that iron works and smelt ers were of ten lo cated, as well as
dams, ponds and ca nals. The flow ing wa ters, prop erly man -
aged, pro vided en ergy to drive wa ter wheels and other mech a -
nisms (Nowak and Jagodziñski, 2020). For ex am ple, the av er -
age gra di ent of the Belnianka is 11.04‰, which clas si fies it as
an up land river (Ludwikowska-Kêdzia, 2000). In ad di tion, the
nat u ral nar row ing of the bot tom of Belnianka val ley was also
used to build dams and cre ate smelt ing ponds, pro vid ing the
pos si bil ity of damm ing up the wa ters.

In turn, for the char coal hearths and char coal burn ing, ar eas 
with sandy sub strates were of great im por tance. It was also sig -
nif i cant that these were ad ja cent to marshy or swampy ar eas
be cause the prox im ity of wetlands pre vented the spread of pos -
si ble fires as so ci ated with the coal burn ing (Deforce et al., 2013; 
Raab et al., 2015, 2017). Char coal pro duc tion pro vided the
heat ing en ergy re quired for smelt ing ac tiv i ties. The de vel op -
ment of met al lurgy in the area was fa cil i tated by the vast ex -
panses of for ests. The Holy Cross back woods and other nearby 
for ests formed an ex cel lent base for meet ing the needs of char -
coal burn ing (Drogosz and Cedro, 2020). Par tic u larly abun dant
in the past, de cid u ous for est com mu ni ties with dom i nant beech

trees pro vided an ex cel lent re source in the form of hard woods,
which were pre ferred by met al lur gists as more cal o rific than co -
nif er ous wood. His tor i cal con di tions, in volv ing the ex trac tion of
beech as a high-cal o rific wood re source, were also sig nif i cant
for the phys i og nomy of the phytocenoses and their spe cies
com po si tion (Piwowarski, 2020). These for ests are close to nat -
u ral in char ac ter, al though in some places the dom i nance of fir
in the stands ap pears to be the re sult of past hu man eco nomic
ac tiv ity (in creased har vest ing of beech, mainly for glassmaking
and, in the 18th-19th cen tu ries, for iron smelt ing) (Szczygielski
et al., 2020).

All of these nat u ral fac tors, to gether with the abun dance of
tim ber from the sur round ing for ests, cre ated fa vour able con di -
tions for the de vel op ment of ore min ing and smelt ing. In the vi -
cin ity of Daleszyce, the most fa mous iron works and smelt ers
were lo cated in Makoszyn, Belno, Napêków, Smyków
(Belnianka val ley), Szczecno (Wojciechów), Smyków (Czarna
val ley), Mêdrów and Drogowle (Kalina, 2002, 2023a, b, d;
Drogosz and Cedro, 2020).

MATERIALS AND METHODS

ANALYSIS OF ARCHIVAL CARTOGRAPHIC DOCUMENTS

At the ini tial stage of the work, ar chi val car to graphic doc u -
ments (Fig. 3) and an Ar chae o log i cal Pic ture of Po land (AZP)
were ana lysed to de ter mine the lo ca tion of dams and for mer
iron works res er voirs in river val ley bot toms. Then, based on a
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Fig. 1. Lo ca tion of the study area and sites in ves ti gated

A – study area in the con text of Po land and the Holy Cross Moun tains; B – lo ca tion of the sites in ves ti gated on a DEM (Dig i tal El e va tion
Model) of the Holy Cross Moun tains: 1 – Stara Huta, 2 – Napêków, 3 – Napêków/Belno. Shown also are en large ments of the map for in di vid -
ual re search sites. DEM mod els cre ated by Pawe³ Rutkiewicz based on Pol ish Geo log i cal In sti tute (PGI) data

https://doi.org/10.1016/j.quaint.2020.10.020
https://daleszyce.pl/images/pliki/Historia/BORKOW_VER3_PRINT.pdf
https://daleszyce.pl/images/pliki/Historia/SMYKOW_VER3_PRINT.pdf
https://daleszyce.pl/images/pliki/Historia/SZCZECNO_VER3_PRINT.pdf
https://doi.org/10.1016/j.quaint.2014.09.041
https://doi.org/10.1002/gea.21614
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Fig. 2. Sim pli fied geo log i cal and geomorphological sketch of the study area, ac cord ing to Filonowicz (1976)
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Fig. 3. Parts of ar chi val maps show ing lo cal i ties where dams and iron works as well as smelt ing res er voirs were op er ated

A – map of West ern Galicia (Mapa Galicji Zachodniej, 1804); B – top o graph i cal Chart of the King dom of Po land (Topograficzna Karta
Królestwa Polskiego, 1843)

https://maps.arcanum.com
http://maps.mapywig.org/m/Polish_maps/series/


re view of his tor i cal lit er a ture, in for ma tion on the time of their
func tion ing was ob tained for the ob jects se lected (Radwan,
1956; Wyrobisz, 1968; Sedlak, 1976; Kalina, 2002, 2023a–e;
Drogosz and Cedro, 2020).

DIGITAL ELEVATION MODEL

In the next stage of the work, DEMs (with a res o lu tion of
1 m) were in spected and forms re lated to smelt ing and char coal 
burn ing as well as iron ore min ing were iden ti fied. (DEM mod els 
were cre ated by Pawe³ Rutkiewicz based on PGI data).

Forms iden ti fied on the DEMs were ver i fied by field work. An 
over view of se lected forms was made us ing ex po sures from
road scarps or an i mal bur rows. Par tic u lar at ten tion was paid to
the re mains of char coal hearths, due to their fre quent oc cur -
rence.

AGE DETERMINATION

Dur ing the field sur veys, sam ples were col lected from the
forms iden ti fied and from sed i ments re lated to iron smelt ing.
Among the sam ples taken were charcoals, slags and frag -
ments of wood. This re search ma te rial was sub jected to ab so -
lute dat ing, car ried out in the Lab o ra tory of the Silesian Uni ver -
sity of Tech nol ogy, in the Di vi sion of Geo chron ol ogy and En vi -
ron men tal Iso topes in Gliwice.

RADIOCARBON DATING

Ra dio car bon dat ing was per formed on three char coal sam -
ples and one wood sam ple (see Fig. 4 and Ta ble 1).

Char coal sam ples were taken from two char coal hearth re -
mains. One was lo cated at the foot of Napêkowska Mount, a
few kilo metres south of the for mer iron works at Napêków, and
the other was sit u ated on a dune in the vi cin ity of the ham let of
Stara Huta, south of the vil lage of Holendry (Figs. 1.1, 2, 3 and
4D). Char coal frag ments were also ob tained from a lump of
smelter slag (Fig. 4B, C).

A wooden beam se lected for dat ing (Fig. 4A) came from the
struc ture of a for mer smelter build ing.

The lump of slag and the beam were ex ca vated from the al -
lu vium of the Nidzianka River, near its mouth into the Belnianka
River, dur ing ex ca va tion of his de posit by Mr Walenty Pawlik
and sub mit ted for this re search.

Ra dio car bon dat ing was per formed us ing ac cel er a tor mass
spec trom e try (AMS), fol low ing com monly ac cepted pro to cols
(Piotrowska, 2013; Ustrzycka et al., 2025). All sam ples un der -
went chem i cal pre-treat ment to re move po ten tial con tam i nants
from the sed i men tary en vi ron ment. A stan dard acid-base-acid
(ABA) prep a ra tion was used for this pur pose.

In the case of the wood sam ple, the first step in volved ex -
trac tion us ing a Soxh let ap pa ra tus with or ganic sol vents (to lu -
ene and ethyl al co hol) to re move res ins. The next step in cluded
stan dard ABA prep a ra tion, while the fi nal step re quired the use
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Fig. 4. Smelt ing rem nants from the study sites

A – wooden beam (with vis i ble tree-rings) from the Napêków/Belno site; B – lump of slag from the Napêków/Belno site; C – char coal
in cor po rated into smelter slag from the Napêków/Belno site; D – in ter nal struc ture of sed i ments in a char coal hearth re main crossed by a road

https://daleszyce.pl/images/pliki/Historia/BORKOW_VER3_PRINT.pdf
https://daleszyce2021.daleszyce.pl/images/pliki/Historia/TRZEMOSNA_VER3_PRINT.pdf
https://doi.org/10.1016/j.nimb.2012.05.017
https://doi.org/10.1017/RDC.2024.126
http://www.repozytorium.lectorium.edu.pl/bitstream/handle/item/751/A.Wyrobisz-Szklo_w_Polsce.pdf?sequence=1&isAllowed=y


of so dium chlorite to re move lignin. This step is called bleach ing 
(Bl). As a re sult, the fi nal prod uct was holocellulose, which is the 
best wood frac tion for ra dio car bon dat ing (Hajdas et al., 2017).

Af ter chem i cal pre-treat ment, the sam ples were combusted
and graphitized us ing the AGE-3 sys tem, equipped with a Vario
Mi cro Cube el e men tal analyser (Nìmec et al., 2010; Wacker et
al., 2010b). They were then sub jected to ra dio car bon con cen -
tra tion mea sure ment us ing a MICADAS ac cel er a tor mass
spec trom e ter, man u fac tured by IonPlus (Synal et al., 2007;
Wacker et al., 2010a). The re sult ing ra dio car bon ages were cal -
i brated us ing the IntCal20 cal i bra tion curve (Reimer et al.,
2020) and the OxCal v.4 cal i bra tion pro gram (Bronk Ramsey,
2009).

DENDROCHRONOLOGICAL DATING

For dendrochronological dat ing, only one sam ple, the
wooden beam, was se lected be cause only this wood had a suf -
fi cient num ber of growth rings. In the first step, this frag ment of
beam was pre pared for dendrochronological mea sure ments.
For this pur pose, a wood trans verse sec tion was care fully cut
with a sharp knife to ob tain a clearly vis i ble growth-rings sur -
face. Then, the an a tom i cal struc ture of wood was ob served to
iden tify its tax o nom i cal af fil i a tion. Next, the ring width was mea -
sured with 0.01 mm pre ci sion us ing the LINTAB sys tem and
TSAP Win com puter pro gram (Rinn, 2003). The mea sure ment
se quences of growth-ring width ob tained were av er aged and
com pared with avail able mas ter chro nol o gies to de ter mine the
age of this sam ple. In this case stan dard chro nol o gies pub -
lished by Tomasz Wa¿ny (https://www.ncei.noaa.gov/ac -
cess/paleo-search/) were uti lised.

RESULTS

Stud ies of ar chi val car to graphic doc u ments, an Ar chae o -
log i cal  Pic ture of Po land (AZP), a re view of his tor i cal lit er a ture
and a brows ing of maps in the form of DEMs, fol lowed by field
sur veys, made it pos si ble to se lect and iden tify the ar eas of oc -
cur rence of smelt ers, iron works, char coal hearth re mains and
dams. Sub se quently, sam ples of char coal and wood were
taken from these re search sites for lab o ra tory anal y sis to de ter -
mine their ab so lute age. On the AZP there are no mon u ments
at the lo ca tions of for mer smelt ing plants in di cated. One mon u -
ment was noted on the AZP, i.e. a wooden mill in the vil lage of

Belno, but it dates back only to the 19th cen tury. As noted
above, only a few sites of an cient smelt ing slag and a few sites
of me di eval smelt ing slag have been re corded on the AZP.

STARA HUTA SITE

This site com prised re mains of a char coal hearth iden ti fied
within a dune (Fig. 1B). This is an in di vid ual form at a con sid er -
able dis tance from other char coal hearth re mains. In the study
area, scat tered char coal hearth re mains (Fig. 5J) are far fewer
than those clus tered in groups (Fig. 5H, I). For the in ves ti ga tion, 
one char coal sam ple (Stara Huta K2-PR-3) was col lected from
the wall of an an i mal bur row. Field ob ser va tions and DEM anal -
y sis showed that the di am e ter of the char coal hearth was
~14–15 m. The AMS dat ing re sults (GdA-7370.1.1; Ta ble 2 and 
Fig. 6) in di cate two prob a ble ranges for the burnt wood:
1683–1735 AD (25.8%) and 1803–1930 AD (69.6%).

NAPÊKÓW SITE (NAPÊKOWSKA MOUNT)

This site en closed char coal hearth re mains, iden ti fied at the
foot of Napêkowska Mount (Fig. 1B). This form was not vis i ble
in the field (due to dense shrubs) and ad di tion ally was strongly
oblit er ated, but thanks to the DEM anal y sis it was pos si ble to
iden tify it cor rectly.

One sam ple of char coal (Napêków K3-PR-2) was col lected
for anal y sis. The sam ple was ex tracted from the scarp of the
field road that crosses the char coal hearth re main. This in ter -
sec tion ex posed the in ter nal struc ture of the char coal hearth to -
gether with a dis tinc tive black layer of char coal and wood ash
(Fig. 4D). From field ob ser va tions and DEM anal y sis it was con -
cluded that the form was 14 m in di am e ter. The AMS dat ing re -
sults (GdA-7371.1.1; Ta ble 2 and Fig. 6) in di cated that the burnt 
wood may have orig i nated be tween 1680 and 1740 AD
(25.5%), or be tween 1752 and 1763 AD (2.5%), or be tween
1800 and 1941 AD (67.5%).

NAPÊKÓW/ BELNO SITE

One sam ple taken from the site was in the form of a lump of
smelt ing slag, with char coal em bed ded in it (Fig. 4B, C) and the
sec ond one was a frag ment of a wooden beam, a rem nant from
the con struc tion of  a smelter lo cated in the Napêków-Belno
area (Fig. 4A).

Ra dio car bon dat ing of char coal (Napêków K4-PR-1) em -
bed ded in the smelt ing slag found near the for mer iron works at
Belno and Napêków, al lowed an age of be tween 1448 and
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1631 (95.4%), with a high prob a bil ity that this was the be gin ning 
of this time in ter val 1448–1524 (62.7%) (GdA-7372.1.1; Ta ble 2 
and Fig. 6).

On the ba sis of dendrochronological stud ies, the beam was
iden ti fied as oak (Quercus sp.) wood with a se quence of 164
an nual growth rings. The pre served tim ber has no sap wood
layer. This in di cates that the beam was a struc tural el e ment and 
the wood from which it was made was most prob a bly de-barked
and hewn. Dendrochronological dat ing dem on strated that the
mea sured growth-rings span the years 1391–1554 AD. How -
ever, to de ter mine the date when the tree was felled, the un -
known num ber of heart wood rings that may have been re -
moved dur ing de-bark ing, as well as the av er age num ber of
sap wood rings de fined for the area, i.e. 12(–6/+7), must be
added (Zielski and Kr¹piec, 2004). That is, a min i mum of
12–6=6 and a max i mum of 12+7=19 sap wood rings. Thus, the
ear li est pos si ble date for the cut ting of this tree was 1560 AD
(Ta ble 2 and Fig. 6).

In ad di tion to dendrochronological anal y sis, two growth-
 rings were taken from this beam for ra dio car bon dat ing. These
were rings po si tioned as 38 and 39 in the mea sure ment se -
quence, count ing from the pith (Napêków K1-PR-4; Ta ble 2 and 
Fig. 6). Af ter growth-ring 39 there fore, an other 125 rings (years) 
oc curred in wood that have to be added to the AMS date. More -
over, the un known num ber of re moved heart wood rings and the 
min i mum num ber of sap wood rings must be taken into ac count
also in this case. The AMS dat ing re sults (GdA-7373.1.1; Ta -
ble 2 and Fig. 6) in di cated that the beam wood may have orig i -
nated be tween 1397 and 1446 AD (95.4%). Thus, it is nec es -
sary to add to this date at least 125+6=131 years, re sult ing in a
date of be tween 1541 and 1564 AD. Fig ure 6 shows the ex cel -
lent agree ment be tween the 14C and dendrochronological dat -
ing re sults of this sam ple.

BELNIANKA AND CZARNA VALLEYS

Dur ing DEM anal y ses, clearly vis i ble re mains of dams par ti -
tion ing the val ley bot toms were iden ti fied (Fig. 5A–G). Six such
forms were re cog nised in the Belnianka val ley and four in the
Czarna val ley. These dams ranged from ~150 to 500 m in
length and from a few to >10 m in width. Their lo ca tions were
sim i lar to those seen on ar chi val maps (Fig. 2). Hence, it can be
as sumed that all or most of them func tioned for the use of iron -
works and smelt ers. Oc ca sion ally a smelter re lief chan nel was
still vis i ble next to the dam (Fig. 5A). For the most part, how -
ever, the dams and bas ins of the res er voirs have been heavily
eroded or de stroyed, and the dams have been uti lised for the
con struc tion of the pres ent roads. In the vil lage of Borków on
the site of a for mer smelt ing pond (Kalina, 2023a), a large res er -
voir used for rec re ation and re ten tion ex ists now.
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Fig. 5. DEM show ing

A – re mains of the dam and smelt ing chan nel in Smyków (Belnianka
val ley); B – re mains of the dam and the road run ning along it in
Napêków; C – re mains of the dam in Belno; D – re mains of the dam
in Makoszyn; E – re mains of the dam in Smyków (Czarna val ley); F – 
re mains of the dam in Mêdrów; G – re mains of the dam in Drogowle;
H – clus ters of char coal hearth re mains on the dune near the Bia³e
£ugi peat bog; I – clus ters of char coal hearth re mains near the Bia³e
£ugi peat bog; J – sin gle, scat tered char coal hearth re mains; K, L –
iron ore ex trac tion shafts; red ar rows in di cate the ob jects de scribed
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DISCUSSION

The DEM anal y sis al lowed iden ti fi ca tion of of ten poorly vis i -
ble, in dis tinct or small re mains of iron smelt ing and char coal
burn ing fa cil i ties. This is par tic u larly rel e vant in the case of char -
coal hearth re mains, which have di am e ters of sev eral metres
(Rutkiewicz et al., 2019). In the study area, char coal hearth re -
mains are pre served mainly as a few clus ters (8 have been ten -
ta tively iden ti fied). These are con cen trated in small ar eas,
mostly in a zone ad ja cent to the Bia³e £ugi peat bog (Fig. 5H, I).
These clus ters con tain up to sev eral tens of char coal hearth re -
mains (Fig. 5H, I). There are also sin gle, scat tered forms
(Fig. 5J), but these oc cur rarely, oc ca sion ally in ar eas now
trans formed by ag ri cul tural ac tiv ity. It can there fore be as sumed 
that there were once more char coal hearth re mains, now de -
stroyed or oblit er ated. The forms re cog nised are pre dom i nantly
be tween 14–15 m in di am e ter and the clear pat tern of this size
range is ev i dent. As known form pre vi ous stud ies, this is a ‘typ i -
cal’ size for such ob jects; they also have a clas si cally oval
shape with sev eral hol lows around the per im e ter of the form
(Rutkiewicz et al., 2019), be ing sim i lar to other ob jects from Bel -
gium (Deforce et al., 2013), France (Dupin et al., 2017), Ger -
many (Raab et al., 2019), It aly (Carrari et al., 2017), Lat via
(Zunde et al., 2023) and Swe den (Eriksson and Glav Lundin,
2021). Char coal hearths were mainly con structed on sandy
ground, some times on or near sand dunes and of ten near to hu -
mid ar eas. The sandy ground was cru cial be cause it has an
abil ity to ab sorb the wa ter and tar from the carbonised wood.
The prox im ity to wetlands lim ited the pos si bil ity of spread ing the 
fires which some times oc curred when char coal was man u fac -
tured.

Only the sam ple of Napêków K1-PR-4 (GdA-7373.1.1), the
ra dio car bon dat ing re sult, af ter cal i bra tion, yielded a dis tinct
time range. For the re main ing three sam ples, the ra dio car bon
dat ing re sult falls within a pe riod when the cal i bra tion curve has
a flat course with ad di tional fluc tu a tions. As a re sult, af ter cal i -
bra tion, we ob tain two or three al ter na tive cal en dar age ranges.
De tailed anal y sis of the ra dio car bon dates ob tained from Stara
Huta (K2-PR-3, GdA-7370.1.1) and Napêków (K3-PR-2,
GdA-7371.1.1) show that these char coal hearth re mains prob a -
bly orig i nate from the 18th or 19th cen tu ries. It is likely that the

ma jor ity of char coal hearths from these sites func tioned to meet 
the re quire ments of the blast fur nace at Wojciechów vil lage
(part of Szczecno). His tor i cal lit er a ture re ports that the in hab it -
ants of the vil lage of Trzemoszna, founded in the 19th cen tury,
were mainly em ployed in char coal burn ing, es pe cially for the
needs of the Wojciechów smelter (Kalina, 2002, 2023e).

On the ba sis of the ra dio car bon and dendrochronological
dates ob tained (sam ples Napêków K4-PR-1, GdA-7372.1.1
and Napêków K1-PR-4, GdA-7373.1.1) it can be stated that
iron smelt ing, us ing char coal from char coal hearths, was al -
ready func tion ing be tween Belno and Napêków as early as in
the 16th cen tury or even the 15th cen tury. Dendrochronological
dat ing of a wooden beam, an el e ment from the con struc tion of
one of the smelter build ings, de ter mined the years
1391–1554 AD while ra dio car bon dat ing of it in di cated the
years 1397–1446 AD (95.4%), +125 rings, which gives the in -
ter val 1522–1571 AD, cor re spond ing with his tor i cal in for ma tion
re gard ing the bloomery op er at ing in Belno be tween 1570 and
1674 AD.

In the study area, ar chi val doc u ments con firm the ex is tence 
of other ob jects di rectly re lated to iron smelt ing (Kalina, 2023a,
b). The be gin nings of their func tion ing are also dated to the 16th 
cen tury. In Belno, his tor i cal re cords men tion a bloomery op er at -
ing be tween 1570 and 1674 AD. Sim i larly, the ear li est re cords
of ham mer mill ac tiv ity in Makoszyn date back to the sec ond
half of the 16th cen tury. (Kalina, 2023a, b). One of the older
ones was also a iron works in Smyków, built in 1613 AD (Kalina,
2023b). There are also two known iron works in Napêków, built
in 1619 and 1630 AD, where two bloomery fur naces worked.
How ever, in 1782 AD these fur naces were no lon ger func tion -
ing (Kalina, 2023a). More over, there were also fac to ries of this
type in the val ley of the Czarna River: for ex am ple, Mêdrów,
oth er wise known as G³azowska, where there was a bishop’s
bloomery with two wheels men tioned in 1576 AD and then in
1674 AD, and Drogowla, where there was a bloomery also with
two wheels re ferred to af ter 1571 AD (Radwan, 1956).

Of ten in his tor i cal lit er a ture there is only gen eral in for ma tion
about char coal burn ing. This is not the case in the study area
where ar chi val re cords of the vi cin ity of Daleszyce and its iron -
works and smelt ers re port char coal pro duc tion in the vil lage of
Suków, lo cated ~8 km west of Daleszyce. In this vil lage char -
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coal was man u fac tured in the 17th cen tury and trans ported to a
smelter in Bia³ogon (now part of Kielce city), ~10–12 km away
(Kalina, 2023c). This in di cates that char coal burn ing did not
serve only lo cal con sump tion and sug gests that the rich ness of
the nearby for ests al lowed ex port of this fuel.

What is cer tain is that the de vel op ment of the met al lurgy
was pos si ble ow ing to the pres ence of iron ore on this ter ri tory.
The lo cal iron works ex ploited rich nearby iron ore de pos its
through or ga nized min ing op er a tions. It is known that for the
needs of the Smyków iron works in the Belnianka val ley, its

owner Andrzej Smyczka mined ore from Mount Koski (next to
Mount Sikorza, near the vil lage of Brzechów) in 1617 AD
(Kalina, 2023b). In 1623 AD, the Bishop of Kraków ded i cated
ore from Mount Koski and serfs from the vil lage of Skorzeszyce
to these iron works. The ore mine was called Florków and later
also sup plied ore to the iron works in Napêków (Kalina, 2023b).
There is also in for ma tion about an iron ore mine, which prob a -
bly started to be ex ploited at the end of the 16th cen tury, near
Borków (Kalina, 2023a). The first men tion of this dates from
1602 AD. Ore from this mine was trans ported to the Makoszyn
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Fig. 6. Graph i cal pre sen ta tion of the dat ing re sults

PDF – prob a bil ity den sity func tion
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iron works, which en com passed two forge fur naces and a
bloomery. The de scrip tion of the iron works noted that there was 
no ore in the area and that it had to be trans ported from ei ther
£agów or Borków (Kalina, 2023a). The DEM shows nu mer ous
shafts where iron ore was mined, and their lo ca tions co in cide
with the oc cur rence of rock for ma tions con tain ing iron ore noted 
above (Fig. 5K, L).

At this stage of the re search, no at tempt was made to ana -
lyse the min eral com po si tion of the slags so as to es tab lish
whether they orig i nated from the smelt ing of bog iron or sid er ite
ore. Fur ther work is there fore planned in the fu ture.

In ad di tion to iron mines and works, glass fac to ries were es -
tab lished in this re gion early. In 1591 AD the glassworks of
W¹sik and Wide³ki (area of the vil lage of Wide³ki) were men -
tioned (Wyrobisz, 1968). The ex ploi ta tion of glass fac to ries re -
quired the har vest ing of very large quan ti ties of wood used as
fuel for glass smelt ing. This caused rapid de for es ta tion of ad ja -
cent ar eas, faster than in the case of char coal burn ing
(Wyrobisz, 1968).

Ul ti mately, the pro gres sive deg ra da tion of nat u ral re sources 
was the cause of the de cline of this in dus try. Grad u ally over
time, the lo ca tion of char coal burn ing sites was re lo cated due to
for est thin ning. The clos ing of the iron works was also most
prob a bly re lated to the ad vanced de for es ta tion of the area and
con nected with a lack of wood for smelt ing iron ore the same as
in some ar eas in the Old Pol ish In dus trial Dis trict (SOP) e.g. the
Czarna Konecka catch ment area or in the Silesian Low lands:
the Ma³a Panew catch ment area (Rutkiewicz et al., 2019;
Kusztal, 2022). Based on the stud ies of S³owiñski et al. (2024)
we know that his tor i cal pro duc tion and in dus trial ac tiv ity in the
ter ri tory of Po land re sulted in the ex ten sion of for est bound -
aries, cre ation of midforest clear ings, and in ten sive de for es ta -
tion, es pe cially in lesser Po land. In ad di tion, stud ies by Zunde et 
al. (2023) from Engure area (Lat via) in di cate that char coal pro -
duc tion had the ef fect of re duc ing the den sity and al ter ing the
com po si tion of for est stands in the sur round ing area, and also
re duced for est cover. How ever, it was mainly changes in the
econ omy and tech nol ogy in volv ing fac tors such as the re place -
ment of char coal by cok ing coal, and the unprofitability of min ing 
ores with low iron con tent, that led to the ter mi na tion of iron min -
ing and smelt ing op er a tions in the SOP (Kusztal, 2022). Over
the cen tu ries, iron smelt ing and char coal burn ing dis ap peared
from this area and the in fra struc ture as so ci ated with this iron
met al lurgy was used to con struct other ob jects. For ex am ple,
the Kielce-£agów road was built on the cause way that dammed
the wa ters of the Belnianka River for pre vi ous iron works in
Napêków.

CONCLUSIONS

This is the first time that char coal hearth re mains from the
Daleszyce area have been iden ti fied and de scribed. The in ter -
nal struc ture of de pos its ob served within the char coal hearth re -
mains is char ac ter ised by black lay ers of char coal and ash. The
char coal hearth re mains are pre served in a few large clus ters,
con cen trated in small ar eas. Sin gle, scat tered forms are rare,

some be ing in ar eas trans formed by ag ri cul tural ac tiv ity. There -
fore, it can be as sumed that more char coal hearth re mains ex -
isted, but these have been de graded or oblit er ated. Most of the
forms were be tween 14–15 m in di am e ter. Sev eral re mains of
dams on the Czarna and Belnianka rivers have also been re -
cog nised. Most of these ob jects may be re mains of orig i nal iron -
works dams, or they oc cur in the same or sim i lar lo ca tions as
did the orig i nal dams. These are con jec tures so far. We can
only rely on old maps where there are for mer res er voirs and in -
for ma tion from his tor i cal lit er a ture where the lo ca tions of forges
or smelt ers are de scribed, and com pare this in for ma tion with
the dams vis i ble on the DEM. There are no his tor i cal dams or
fac tory re mains in the his tor i cal re cords (AZP) at the lo ca tions
sur veyed. Only in the vil lage of Belno near the dam is there a
wooden mill from the 19th cen tury, which has been en tered in
the re cords of mon u ments (AZP – maps.zabytek.gov.pl/nid/).

Ra dio car bon dat ing of char coal em bed ded in smelt ing slag
in di cated that iron smelt ing, us ing char coal, was al ready func -
tion ing in the Belnianka val ley be tween the vil lages of Belno
and Napêków in the 16th cen tury.

Age de ter mi na tion of a beam ex ca vated from the Belnianka
al lu vium, in the vi cin ity of the for mer iron works in Belno and
Napêków, yielded the year 1560 AD (dendrochronological
date) and gave a time range of 1522–1571 AD (95.4% prob a bil -
ity; ra dio car bon dat ing). This cor rob o rates the his tor i cal re cords 
of a bloomery work ing in Belno in 1570 AD.

Ra dio car bon dat ing of char coal from char coal hearth re -
mains in di cates that they prob a bly orig i nate from the 19th cen -
tury. This shows that char coal from the char coal hearths was
used for iron smelt ing still in the 19th cen tury, pos si bly for the
Szczecno (Wojciechów) blast fur nace op er at ing at that time.
How ever, it can not be ruled out that char coal was also burned
for other pur poses (tar, pot ash, ashes).

The re sults pre sented in this pa per are a con tin u a tion of re -
search into his tor i cal met al lurgy car ried out by the lead au thor
(e.g., Czarna Konecka ba sin, Ma³a Panew ba sin). This study
ex pands the da ta base of his tor i cal met al lurgy into the ter ri tory
of the Old Pol ish In dus trial Dis trict and also rep re sents the first
re search of this kind con ducted for the area de scribed in the ar -
ti cle. This re search con cords with cur rent re search trends into
his tor i cal met al lurgy car ried out in Eu rope e.g. Ger many, Bel -
gium, France, It aly and Lat via. More over, this work in tro duces
new re sults that can help cre ate a chro nol ogy of met al lur gi cal
ob jects (mainly char coal hearths and slags) for the Holy Cross
re gion based on ra dio car bon and dendrochronological anal y -
ses. Fu ture stud ies of his tor i cal met al lurgy from this area and
other sites should be sup ple mented with min er al og i cal anal y -
ses, such as SEM anal y ses of slags to pro vide in for ma tion on
sur face min eral struc ture and el e men tal com po si tion. Such
stud ies, in turn, could be a pre lude to de ter min ing the type of
ore that was used to smelt the iron.
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