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Abstract 
The purpose of recognizing the hydrotechnical infrastructure and metallurgical activity traces state is to provide 
restoration protection to Jędrów water mill building and its surrounding area. In the past, this area was used 
economically and was a part of the Old Polish Industrial District (central Poland). Jędrów is an example of 
disappearance of industry development, anyway the hydrotechnical infrastructure is still preserved here and visible 
even on the digital elevation model (DEM). Infrastructure elements such as embankments, channels and former pond 
basin are clearly visible here. The obtained echograms from GPR survey show geological changes that may reflect 
sediments filling the currently landed industrial pond. Well visible anomalies are most likely related to the slag 
deposits. Preliminary results from macro- and micro-slag analysis were obtained, which revealed the presence in 
overbank sediments of a large number of microscopic iron spheres (balls) indicating the accumulation of metallurgical 
activity material. 
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INTRODUCTION 
Jędrów is located in the central part of the 
Kamionka catchment area. It is a 17 km length 
meandering, mountain river (Holy Cross 
Mountains, central Poland) (Fig. 1). The first traces 
of metallurgy developing in this area come from 
prehistoric times [1], [2]. Its intensive development 
in the Middle Ages until the end of the 19th c. left 
a very clear mark on the landscape in Old Polish 
Industrial District area [3]. When the mining and 

metallurgy in this region collapse, in some places 
mining and processing of iron ore was still operate 
even until the first half of the 20th c. Water mills 
were built in the direct vicinity of the forges or in 
their foundations. The water mills activitie also had 
a very significant impact on the transformation of 
many river systems i.a. [4], [5], [6], [7], [8], [9], 
[10]. Traces of these changes related to the 
operation of the forge and then the water mill are 
very clear in the Kamionka flodplain near Jędrów.
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Figure 1. Location of study area on the map of Poland and the hydrotechnical 

 infrastructure main elements near Jędrów water mill 
A - water mill building and weir on the river, B - mill race,  

C - former fish reservoir with preserved dykes, D - former industrial reservoir area, 
 E - cross section location; DEM ed. by M. Frączek based on date from CODGiK 

 (MGGP Aero, Nr GI-FOTO.703.44.2014). 
 

AIM OF THE STUDY AND METHODS 
The aim of study is to recognize the traces 
preserved in the Kamionka floodplain forms and 
sediments created during the Jędrów water mill and 
former forge development. For this purpose, 
boreholes (Eijkelkamp manual drill) and 
geophysical analysis (MALA Georadar ProEx with 
a 500 Mhz antenna) were made. The obtained 
samples were grain size analyzed (set of 2800-63 
μm test sieves and Retsh and Morek-Multiserw 
laboratory shakers) and performed dating using the 
OSL (natural radionuclide analyzer MAZAR - 01 
and Manual Reader-Analyser TL/OSL RA’04 
manufactured by the MIKROLAB company) and 

 
the radiocarbon method (made in Laboratorium 
Datowań Bezwzględnych at Skała). Also the 
separation of macro- and microscopic slag 
fragments from overbank and lacustrine sediments 
(600-212 μm), and ferromagnetic residues from 
metallurgical activity in the form of microscopic 
iron balls (212-63 μm) was done. The method using 
magnes to separate ferromagnetic elements from 
sediments  was never before used in Holy Cross 
Mountain region. The obtained data were verified 
using many historical documents and archival 
maps, which presented the location of former 
industrial centres in study area.  

 
RESULTS 
Kamionka river has been intensively developed by 
man since the Middle Ages as a power source for 
nearby metallurgical facilities and grain mills 
operating in the Old Polish Industrial District area. 
The mining of Iron ore in the surrounding hills led 
to build about 7 forges in the Kamionka catchment. 
One of them was located at Jędrów, near the current 
water mill [1], [11]. First time this forge was 
recorded in 1530, while information about the mill 
itself appears in 1859. In 1863, the wooden 
structure was burned, and the present red brick 
building has been operating since 1911, which is 
also  by archival materials confirmed [11], [12]. 

 
 
The increase of the metallurgical centers in the 
central part of the catchment led to many relief  
transformations, including of some sections of the 
riverbed changes (artificial channels, millraces and 
various sizes ponds). Some of the water reservoirs 
have been rebuilt, sometimes even several times but 
mostly smaller were drained. Some of old water 
mills infrastructure remained after many years. The 
water mill at Jędrów together with the surrounding 
area perfectly fits into the situation described 
above. 
In places where the forge and water mill was 
operate, dams and weirs were built on the river. The 
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small industrial ponds guaranteed power to water 
wheel driven facilities. At the turn of the 19th and 
20th c., the metallurgical industry based on forges 
development collapsed. This led to the 
abandonment and destruction of hydrotechnical 
infrastructure in the river. Until the half of 20th c, 
only a few water mills operated in Kamionka. After 
their fall, the dams on the river were destroyed, so 

the ponds were drained. In their place the basin was 
filled with sediments and become part of 
floodplain.  
This situation also took place, i.a. at Jędrów. The 
current renovation works of the water mill and 
reconstruction of the dam are leading to further 
changes of the Kamionka riverbed on this section 
[11].  

 

 
Figure 2. The location of the boreholes (A)[13] and cross section of  

the Kamionka floodplain downstream of the Jędrów water mill  
1 - sands with gravels, 2 - sands with single gravels, 3 – silty sands with gravels, 

 4 – silty sands, 5 – sandy silts, 6 – embankment. 
 

The previous studies in this area discovered traces of 
Jędrów industrial past. They were found in the alluvial 
floodplain north of the water mill (about 450 m 
downstream), and mainly are industrial residues in the 
floodplain deposits like contemporary ceramic pieces, 
slags or distinct layers with charcoal inserts dated by 
OSL method (0.44±0.06 ka; UJK-OSL-68) and 14C 
(40±80 BP or 1799-1943 cal AD; MKL-3250) [10], 
[12]. Boreholes were made near the millrace estuary 

to the Kamionka riverbed. From the samples the 
material for macro- and micro-slag analysis was 
obtained (Fig. 2). Preliminary results of these analyzes 
showed the accumulation of large, several cm of slag 
in sandy sediments (JRK5 profile) near the edge of the 
upper floodplain (slag pile?). In boreholes located 
closer to the riverbed, the smaller fragments of slag 
with a size from several cm to 212 μm (JRK2 profile) 
in overbank sediments were also found. The presence 
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of characteristic, microscopic iron balls (spheres) with 
212-63 μm size (JRK2 and JRK1 profiles) was 
detected in the overbank sediments. On the floodplain 
located south-west of the water mill, traces of former 
water reservoirs are still visible. This area is 
surrounded by fragments of earth embankments (most 

likely the remains of breeding ponds, as well as one in 
north of the water mill)(Fig. 1). These ponds are 
currently poorly visible in the field and their location 
is only possible due to DEM maps or boreholes, in 
which sometimes thinner layers of post-production 
waste (slag) are deposited (Fig. 3) [10], [11]. 

 

 
Figure 3. The former forge post-industrial remains (few cm slags deposits) 

 discovered in former pond lacustrine sediments (photo from 2015). 

Using a non-invasive geophysical GPR method the 
former pond area was analyzed. A four echograms 
were made, three transverse and one along the pond 
basin (Fig. 3). They allowed to locate, among others 
the borders of the former water reservoir and 
changes in sediments filling its bottom. The first 
three echograms were led across the former pond 
basin towards EW. The PJ1 cross-section (Fig. 3) is 
located in the southern part of the studied area and 
is about 110 m long. The maximum signal range 
reaches about 4 m depth into the ground, while most 
of the anomalies are visible up to about 2 m depth. 
The one string of anomalies is visible from about 20 
m (distance) to the end of the profile. Those 
anomalies reaching up to 3 m depth, while at 35 m 
(distance) an anomaly reaches up to 4 m depth. The 
PJ3 echogram (Fig. 3) is located in the central part 
of the pond area and it have 110 m. The maximum 
signal range also reaches about 4 m depth. 

Anomalies in this echogram are visible up to a 
maximum of 3 m depth and their largest number is 
in the eastern section. Another PJ4 echogram (Fig. 
3) was made in the northern part of the former 
reservoir. This cross-section is shorter due to the 
narrowing of the pond basin and is about 80 m. The 
maximum signal range is about 3.5 m depth. At 
about 1 m depth an anomaly for all along of the 
cross-section is visible. The PJ5 (Fig. 3) is a 
longitudinal cross-section of NS arrangement. It is 
perpendicular to the rest of the echograms and is 
about 160 m long. The maximum signal range 
reaches about 3 m depth. The visible anomaly is 
extends from about 5 to 22 m at a maximum depth 
of 2.8 m, and then shallows to about 0.5 m depth at 
32 m (distance). Next anomalies appear again in the 
2.8 m depth, which stretch from 60 m to the end of 
the cross-section.  
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Figure 4. The echograms and theirs location in the bottom of a Jędrów 

 former pond area on an orthophotomap background [13]  
A – estimated water reservoir bottom filed with sediments,  

B – a strong signal coming probably from the slag deposits in the sediments,  
C – the shallow area, probably dike or embankment.  

DISCUSSION 
The various elements of hydrotechnical 
infrastructure in the study area have survived. Some 
of them with the water mill building have been 
renovated (Fig. 1) and working again, e.g. weir, 
which results in raising the water level in the river 
upstream from the water mill. In this part of 
floodplain area the pond was located near the 
former forge.  
It is evidenced by post-industrial residues (slags, 
charcoals) in lacustrine and overbank sediments. 
Slags in sediments are a remnant of metallurgical 
activity, which is confirmed by research from other 
regions of Europe, i.a. Ardennes region [14], [15]. 
After the collapse of industry, the reservoir at 
Jędrów was used by a water mill. Many similar 
ponds in Kamionka formed an anthropogenic 
small-scale water retention system, which  
additionally  alleviated possible floods on the river 
[16]. The archival materials and old maps show 
ponds (1801-1859) appearing upstream and 
downstream from the water mill. Later (1873-1927) 
those ponds disappear and in their place appear 
smaller reservoirs (1938). The functioning of these 
smaller ponds is confirmed by, i.a. GPR analyzes 

 
(Fig. 4), which showed the occurrence of two large 
anomalies (most likely former pond basin with 
lacustrine sediments) separated by a clear shallow 
area (embankment?), visible in the PJ5 cross-
section.  
Many smaller but well visible anomalies can be 
conected with the slag deposits in the lacustrine 
sediments. With a compact plant cover, the DEM 
was very helpful in locating rest of the remains of 
the hydrotechnical infrastructure (Fig. 1). 
Slags and microscopic iron balls (spheres) 
discovered in overbank sediments (Fig. 5) providers 
the functioning of metallurgical facility in this area 
[14], [17], [18]. Bigger slag fragments in sediments 
are deposited at various depths. This indicates slags 
redeposition by regulated river in the last centuries. 
They also form a clear pile under the upper 
floodplain edge (Fig. 2), which may confirm the 
functioning of the forge downstream of the Jędrów 
water mill.  
Smaller, iron balls, often empty inside, formed at 
high temperatures during smelting of iron ore in 
furnaces. They were transported by aeolian, and 
then redeposited by fluvial processes, covered by 
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overbank sediments. Origin of post-industrial 
layers formed in sediments, i.a. charcoals confirms 
by OSL and 14C dating (0.44±0.06 ka; UJK-OSL-
68) and 14C (40±80 BP or 1799-1943 cal AD; 

MKL-3250) [10], [12]. This dates matches the 
period of activities of the 19th c. forge at Jędrów 
[12], as well as increased activity of charcoal 
hearths in Old Polish Industrial District area [19].

 

 
Figure 5. The former forge post-industrial remains in overbank sediments  

about 450 m downstream of the Jędrów reservoir 
A - few cm slags in JRK5 borehole, B - macroscopic slag fragments in JRK2 borehole,  

C – microscopic iron balls of anthropogenic origin in JRK1 borehole, D – zoom of the iron ball.  
 
CONCLUSIONS 
The Jędrów water mill with remaining 
infrastructure is one of the few of this type facilities 
in Holy Cross Mountains region that has in such 
good condition preserved. Like many industrial 
objects belonging to the Old Polish Industrial 
District, traces of metallurgical activity are very 
well visible here. They can be found in relief (slag 
mound, hydroelectric infrastructure of the forge and 
water mill) and in sediments (macro- and micro-
slags or microscopic iron balls). The building itself  

 
has now been rebuild by new owners and work to 
restore the former splendor of this facility is still in 
progress. The current condition of the water mill 
has contributed to enter this object in the register of 
monuments and to restore it. This is extremely 
important due to the historic water mill protection, 
but also to the heritage preservation of the 
metallurgical industry of the Old Polish Industrial 
District, which also left clear marks in the 
surrounding landscape [20]. 
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