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This study ex am ines the im pact of pre his toric hu man ac tiv i ties on the land scape of the Subcarpathian Loess Pla teau, fo cus -
ing on ar eas such as the Kañczuga Pla teau in south east ern Po land. Through a multidisciplinary ap proach that in te grates
ar chae o log i cal ex ca va tion, soil pro file anal y sis, and geomorphological sur vey tech niques, en vi ron men tal changes are
traced from the Neo lithic through the early Mid dle Ages. A key as pect com prises var i ous soil types, par tic u larly chernozems
and brown soils, which have been in flu enced by early ag ri cul tural prac tices like de for es ta tion and land cul ti va tion. The use of
ra dio car bon and Op ti cally Stim u lated Lu mi nes cence (OSL) dat ing of soil pro files and ar chae o log i cal sites pro vides in sights
into the timeline of hu man-in duced ero sional and depositional pro cesses and de pos its rang ing in age from the Palaeo lithic
pe riod to the early Mid dle Ages. The re sults high light sig nif i cant soil ero sion and col lu vial de posit for ma tion, es pe cially dur ing 
pe ri ods of in ten si fied ag ri cul ture. These changes in spe cific soil types un der score the sub stan tial im pact of hu man ac tiv i ties
and cli ma tic vari a tions on land re lief and soil cover in the Late Ho lo cene. This study con trib utes to a deeper un der stand ing of
hu man-driven land scape al ter ations in loess ar eas, of fer ing valu able in sights for en vi ron men tal man age ment and con ser va -
tion on the Kañczuga Pla teau, in the Sandomierz Ba sin, and in other sim i lar geomorphological set tings.
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INTRODUCTION

Be fore the ar rival of early Neo lithic peo ples into the study
area, the nat u ral en vi ron ment had been in bal ance. The equi lib -
rium of the geoecosystems was dis turbed by the emer gence of a 
new geomorphological fac tor that ex erted a grow ing im pact over
time: hu man ac tiv ity, which from the early Neo lithic pe riod was
ex pressed as the set tle ment of land and ex ploi ta tion of its nat u ral 
re sources (Kruk, 1973; Starkel, 1995; Dotterweich, 2008).

Ag ri cul tural ac tiv ity prac ticed by the lo cal pop u la tion, in clud -
ing de for es ta tion and the use of the re sult ing patches of grassy,
park-type open land scape for graz ing by an i mals, may have
trig gered lo cal ized pro cesses that would sub se quently lead to
the for ma tion of anthropogenic chernozems (Kruk, 1973).
Some re search ers also main tain that cher nozem soil pro files
were al ready fully de vel oped be fore the ar rival of the ear li est
ag ri cul tural com mu ni ties (Skiba and Ko³odziejczyk, 2004; £an -
czont et al., 2006b; Kaba³a et al., 2019). How ever, Neo lithic so -

ci et ies did not man age to greatly trans for ma tion the land scape
of the loess up lands, which re mained largely cov ered by dense
for est veg e ta tion (Kruk, 1973). Slope sed i ments, which are a re -
cord of both nat u ral de nu da tion pro cesses and anthropogenic
ones caused by ag ri cul tural ac tiv ity (de for es ta tion, till age, an i -
mal hus bandry), ac cu mu lated at the foot of slopes on the plains
bor der ing the bot toms of val leys (Twardy et al., 2004; £anczont
et al., 2006b; Szwarczewski, 2009; Michno, 2012).

Com monly, there are bur ied (fos sil) soils be neath slope wash 
(col lu vial) sed i ments that can be dated in or der to de ter mine the
stages (phases) of soil ero sion. In par tic u lar, these pro cesses in -
ten si fied at times when en hanced ag ri cul tural ac tiv ity con verged
with nat u ral geomorphological pro cesses (rill- wash ero sion on
cul ti vated slopes dur ing heavy rain and snow melt; Starkel, 1996,
2005a; Klimek et al., 2006). Since the or i gins of slope wash de -
pos its are usu ally as so ci ated with in ten si fied hu man eco nomic
ac tiv ity, a ques tion arises: could other soil types with thick humic
ho ri zons, in ad di tion to nat u rally de vel oped pro files (mainly
chernozems), have been formed as a re sult of a change in land
use and/or a break in set tle ment ac tiv ity?

This study:
1 – ex plores the spa tial changes in the trans for ma tion of

slopes as a re sult of pre his toric hu man ac tiv ity, re flected in the
type and thick ness of sed i ments;

2 – de ter mines the age of fos sil soils and the phases of in -
ten si fied slope pro cesses.

This pa per is a part of Cli mate and en vi ron men tal changes
re corded in loess cov ers (eds. Maria £anczont, Przemys³aw
Mroczek and Wojciech Granoszewski)
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STUDY AREA

LOCATION, MORPHOLOGICAL FEATURES
AND LOESS COVER

The study area is lo cated in south east ern Po land (Fig. 1A)
within the Sandomierz Ba sin and en com passes the Sub carpa -
thian Loess Pla teau (Fig. 1B), known as the Kañczuga Pla teau
(Starkel 2005b), the Foremountain Loess Pla teau (Malicki
1973), or the Rzeszów Foot hills (Solon et al., 2018; Fig. 1C). 

The study area ex tends as an E–W belt be tween Rzeszów
and Przemyœl, its width rang ing from 10 km in the west ern part
to a max i mum of 16 km in the cen tral part, ad ja cent to the mar -
ginal zone of the Carpathian Foot hills (Fig. 1B). The pla teau’s
al ti tudes range from 185–190 m to 263 m a.s.l. To the north, the 
pla teau de scends a high es carp ment to the Sub-Carpathian Ice 
Mar ginal Val ley (Solon et al., 2018), while to the east (east of
Przeworsk), it trans forms into a loess ter race plat form, up to
5 km wide, sep a rated from the floodplain of the San River by a
20–30 metre-high ero sion es carp ment (Figs. 1C and 2E). The
loess ter race south of Radymno fea tures nu mer ous small,
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Fig. 1. Lo ca tion of the study area on the map of Po land (A) and against the back ground of loess dis -
tri bu tion in SE Po land (B); locations of loess patches in the Pol ish Up lands (Sandomierz, Lublin)
and in the Sandomierz Ba sin are marked with a thick hatched line; loess cover in the Carpathian
Foot hills is marked with a sparse hatched line (my com pi la tion based on var i ous sources); ar chae -
o log i cal sites and soil pro files stud ied, lo cated on the Kañczuga Pla teau (C); loess ter race plain is
marked by dots

Source data for shaded re lief model: the Coun try Pro tec tion In for ma tion Sys tem (ISOK) webpage, 
ac cessed via the Cen tral Of fice of Ge od esy and Car tog ra phy (GUGiK) on Jan u ary 16, 2024

https://doi.org/110.7163/GPol.0115
https://doi.org/110.7163/GPol.0115


closed de pres sions typ i cal of loess pla teaus (known in Pol ish
as �wymoki�), some of which are wa ter-filled. These de pres -
sions in loess ar eas, filled with ma te rial from soil ero sion be -
neath which fos sil soils oc cur, con sti tute �sedimentological ar -
chives en abling the re con struc tion of past nat u ral and anthro -
po genic pro cesses� (Ko³odyñska-Gawrysiak, 2017). The Kañ -
czuga Pla teau is sit u ated within the catch ment ba sin of the San
and Wis³ok rivers (Fig. 1B). The pla teau is dis sected by two
types of val ley: those with per ma nent wa ter courses (the Mle -
czka, Rada, £êg Rokietnicki and other rivers), 30 to 50 m deep
with broad ac cu mu la tive bot toms, some ter raced (Figs. 1C and
2D, E); and dry, flat-bot tomed val leys sev eral kilo metres long,
fea tur ing branched denudational trough-like val leys on slopes
(Fig. 2B, C).

The en tire pla teau is cov ered with loess, whose thick ness
ranges from sev eral to 26 metres. This loess is part of the north -
ern Eu ro pean loess belt (cen tral Eu ro pean con ti nen tal sub -
domain), lo cated to the east of the Vistula River Ba sin (Le -
hmkuhl et al., 2021). In south-east Po land, Maruszczak (1991)
dis tin guished two re gions where loess oc curs: one within the
south ern Pol ish Up lands and an other in the foot hills re gion of
the Carpathian fore land (Fig. 1B). The loess mainly con sists of
youn ger (Vistulian, Weichselian) loess, di vided into sev eral
strati graphic lay ers (Malata, 1999; £anczont et al., 2000). Be -

neath the youn ger loess, older (pre-Vistulian) loess (Wartha -
nian or Saalian loess) and older Pleis to cene de pos its (sands,
clays and gla cial tills) are found, pro vid ing ev i dence of the pres -
ence of the Scan di na vian ice sheet dur ing the San 1 (San 2?)
(Elsterian) Gla ci ation (£anczont et al., 2000; Marks, 2023).

SOIL CHARACTERISTICS

The pres ence of loess fa cil i tated the de vel op ment of fer tile
soils, such as chernozems and brown soils, which were then uti -
lized by the ear li est Neo lithic com mu ni ties in this area (£an -
czont et al., 2001; Skiba and Ko³odziejczyk, 2004). Dobrzañski
and Zbys³aw (1955) iden ti fied sev eral types of cher nozem in the 
area be tween the towns of Jaros³aw and Przemyœl, based on
soil pro file de scrip tions that fo cused on the thick ness of the hu -
mus ho ri zon (deep cher nozem, me dium-deep, shal low, wa -
shed out, and built-up chernozems). The larg est ar eas cov ered
by chernozems are found at el e va tions of 200–240 m a.s.l. and
smaller ar eas with chernozems are lim ited to el e va tions above
240 m a.s.l., which com monly fea ture brown soils (Dobrzañski
and Zbys³aw, 1955). The map of soil types in Po land in cluded in 
the text book �Gleboznawstwo/Soil Sci ence� (Mocek, 2015) also 
iden ti fies brown soils (Haplic Cambisols) in higher ar eas
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Fig. 2. Mor pho log i cal cross-sec tions in di cat ing ar chae o log i cal sites and soil pro files: A – Rozbórz site 28, B – O¿añsk site 13, 
C – Szczytna site 6, D – Ch³opice site 16, E – Sko³oszów site 7

Hypsometric pro files gen er ated us ing the QGIS ap pli ca tion

https://doi.org/10.24425/agp.2023.145614
https://doi.org/0.1016/j.earscirev.2020.103496
https://doi.org/0.1016/j.earscirev.2020.103496
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(>220–230 m a.s.l.) of the re gion un der study and chernozems
(Haplic Chernozems) in the lower east ern part of the pla teau,
mainly on the loess ter race. An over view of the con cepts on the
or i gin and clas si fi ca tion of chernozems in Po land can be found
in Kaba³a (2019).

The soil map of the Pol ish Carpathians, cre ated by Skiba
and Drewnik (2003), does not iden tify any brown soils within the 
study area. In con trast, the west ern part of the pla teau, stretch -
ing be tween Przeworsk and Rzeszów, pri mar ily fea tures Luvi -
sols (Skiba and Drewnik, 2003). These Luvisols, sim i lar to
those in the Carpathian Foot hills, de vel oped on silt de pos its
(loess) due to leach ing (lessivage), as noted by Skiba and
Szymañski (2009).

PHASES OF PREHISTORIC HUMAN ACTIVITY

The Kañczuga Pla teau has been in hab ited by hu mans
since the end of the Palaeo lithic era and dur ing the Mesolithic
(Ta ble 1). Early Neo lithic cul tures, in clud ing the Lin ear Pot tery
cul ture, Mal ice cul ture, and Lublin-Volhynian cul ture, es tab -
lished their set tle ments and camps on the overflood ter races
and the lower parts of the pla teau, adapt ing these ar eas for cul -
ti va tion (Czekaj-Zastawny, 2008; Dêbiec et al., 2015). To ex -
pand their cul ti vated land, the Fun nel Beaker cul ture peo ple en -
gaged in in ten sive burn ing of wood lands, which led to sig nif i -
cant lo cal de for es ta tion and the ac ti va tion of slope (de nu da tion) 
pro cesses (Pelisiak, 2018). The Fun nel Beaker cul ture set tle -
ments were lo cated in ar eas with fer tile soils (chernozems),
par tic u larly on the east ern part of the pla teau, for ex am ple, the
mega lithic com plex in Sko³oszów along the Rada River
(Rybicka, 2011; Król, 2018). Ar eas de for ested by the Fun nel
Beaker cul ture were later uti lized by the pas to ral Corded Ware

cul ture, whose peo ple built burial mounds on hill tops (Jarosz
and Machnik, 2017; Jarosz et al., 2019). The Bronze Age, par -
tic u larly the Late Bronze Age and Early Iron Age, ex pe ri enced a
sig nif i cant in crease in the num ber of set tle ment sites (Ta ble 1),
pre dom i nantly es tab lished by the Tarnobrzeg Lusatian cul ture
(Przyby³a and Blajer, 2008; Czopek, 2011). This cul ture’s set tle -
ments have been found on overflood ter races within the catch -
ment ar eas of the Mleczka and Rada rivers, and at the edge of
the loess pla teau. The Ro man pe riod saw a surge in set tle ment
ac tiv ity com pared to the Pre-Ro man (Laten) pe riod (Ta ble 1;
B¹czalska, 2011). The set tle ments and burial sites of the
Przeworsk cul ture were typ i cally lo cated in smaller val leys, in
the lower reaches and on the foot hills. Clus ters of this cul ture’s
set tle ments were mainly con cen trated on the mar ginal zone of
the pla teau and the loess ter race along the San River, and in
the bas ins of the Rada River and the Rokietnicki £êg River. The
pat tern of set tle ment in the early Mid dle Ages was sim i lar, al -
though the num ber of set tle ment sites was lower than dur ing
the Ro man pe riod (Parczewski, 1986; Jêdrzejewska, 2019).

MATERIALS AND METHODS

SELECTION OF SITES, DESCRIPTION OF SOIL PROFILES
 AND ANALYSES

The se lec tion of sites for geomorphological re search was
in flu enced by ex ca va tions con ducted by ar chae ol o gists along
the planned route of the A4 highway (Fig. 1C). From nearly 50
ar chae o log i cal sites lo cated along the high way be tween
Przeworsk and Radymno (Czopek, 2011), sev eral were cho sen 
for soil anal y sis, six of which are the fo cus of this study (Fig. 1C). 
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T a  b l e  1

Dis tri bu tion of ar chae o log i cal sites by cul tural pe ri ods and cul tures: an anal y sis 
of 1418 sites span ning 860 km2, in the Kañczuga Pla teau

Ar chae o log i cal sites Ab so lute chro nol ogy
Kañczuga Pla teau 

(860 km2)

no [%]

Num ber of sites – 1418  100

Palaeo lithic/Mesolithic un til 6000 BC 11 0.7

Lin ear Pot tery cul ture (KCWR) 5500–4900 BC 62 4.2

Mal ice cul ture (KMa) 4800–3600 BC 23 1.5

Lublin-Wolynian cul ture (KLW) –   9 0.5

Early Neo lithic (with out cul tural af fil i a tion) –   26 1.7

Funel Baker cul ture (KPL) 4000–3000 BC 100 7.0

Corded Ware cul ture (KCS) 3000–2400 BC 101 7.1

Early Bronze Age (Mierzanowice cul ture) 2400–1800 BC 130 9.1

Older/Mid dle Bronze Age (Trzciniec cul ture) 1800–1300 BC 190 13.3  

Late Bronze Age and Early Irone Age
(Tarnobrzeg Lusatian cul ture-TKL) 1300–500 BC 367 25.7 

Pre-Ro man Pe riod and Pom er a nian cul ture
(Laten Pe riod) 500/400–100 BC ? a few

sites  0.2

Ro man Pe riod (Przeworsk cul ture) 1th–5th cen tury AD 300 21.0

Early Mid dle Ages 5/6th–13th cen tury AD 114   8.0

Com piled from var i ous sources in clud ing: Parczewski (1986, 2011), Nogaj-Chachaj et al.
(2005), Czekaj-Zastawny (2008), Przyby³a and Blajer (2008), B¹czalska (2011), Rybicka (2011), 
Czopek (2011), Dêbiec et al. (2015), Król (2018), Pelisiak (2018), Jarosz et al. (2019), Jêdrze -
jewska (2019)
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It is as sumed that the se lected sites, due to their mor pho log i cal
lo ca tion (Fig. 2) as well as the types of soil cover and de pos its,
are rep re sen ta tive not only of the A4 high way area but also of a
much larger area, such as the Kañczuga Pla teau.

De scrip tions of the soil pro files were made on the walls of
the trenches down to a depth of 2–4 metres, in clud ing the de ter -
mi na tion of soil thick ness (solum) and a de scrip tion of its mor -
pho log i cal fea tures, such as grain size, col our, ho ri zon bound -
aries, struc ture, pres ence of hu mus, in fil trates, and pre cip i ta -
tions of sub stances. Sam ples were taken from the pro files to
com plete grain-size dis tri bu tion and geo chem i cal anal y ses,
which in cluded the con tent of or ganic mat ter, cal cium car bon -
ate, soil re ac tion, and the con tent of macroelements such as
iron (Fe), mag ne sium (Mg), cal cium (Ca), so dium (Na) and po -
tas sium (K). Sam ples for soil tex ture anal y sis were air-dried
and sieved through a 1 mm mesh. The grain-size dis tri bu tion
for par ti cles smaller than 1 mm was ana lysed us ing a la ser
method. Gradistat soft ware, ver sion 5.11 PL beta, was used to
cal cu late sta tis ti cal grain-size pa ram e ters ac cord ing to Folk
and Ward (1957), in clud ing mean di am e ter (Mz), sort ing (dI),
skew ness (SkI), and kurtosis (KG). The re sults of the anal y ses
are shown in grain-size di a grams. Or ganic car bon con tent was
de ter mined us ing the Tiurin method, to tal iron (Fe) us ing atomic 
ab sorp tion spectrophotometry (ASA), and re ac tion (pH) us ing
the potentiometric method. Palynological de ter mi na tions were
also con ducted on sev eral sam ples taken from palaeosols and
peats.

Ob jects or fea tures uti lized by hu mans, such as stor age
pits, burial mounds, wooden struc tures, root cel lars, tombs, fur -
naces, etc., along with their cul tural af fil i a tions, have been
dated us ing ar chae o log i cal meth ods val i dated by ra dio car bon
dat ing. By ana lys ing the depths at which stor age pits oc cur and
the thick ness of pre served soil pro files, it was pos si ble to re con -
struct the past top o graphic sur face of the slope and es ti mate
the ex tent of slope de nu da tion since the on set of hu man ac tiv -
ity. Due to hu man ac tiv i ties, the orig i nal soil ho ri zons have been 
re duced (eroded) on the con vex el e ments of the mi cro-re lief,
while at the foot of slopes and in de pres sions, there is an ac cu -
mu la tion of ma te rial from soil ero sion, con trib ut ing to the up-
 build ing of the soil pro file (Rejman et al., 2014).

For the prep a ra tion of the mor pho log i cal pro files, an air -
borne la ser scan ning el e va tion model (DEM), spe cif i cally Air -
borne LiDAR, was uti lized. This was ana lysed in QGIS soft -
ware, which was used to cre ate the pro files. These pro files, in
the form of ta bles (show ing dis tance and height), were then
trans ferred to Ex cel to cre ate graph i cal rep re sen ta tions in the
form of charts.

14C AND OSL DATING RESULTS

The stra tig ra phy of the de pos its and the age of palaeosols
were es ti mated based on ra dio car bon dat ing, which was com -
pleted for 10 sites. This ar ti cle pro vides the ra dio car bon dat ing
re sults from 6 of these sites (Ta ble 2). Sam ples of or ganic ma -
te ri als, such as hu mus from palaeosols, peat, char coal and
wood, were dated. This typ i cally in volved tak ing 2–4 cm thick
sam ples from both the tops and bot toms of palaeosols (be -
neath the slope wash de pos its) as well as from or ganic inter -
beds within the clastic de pos its. The con tent of or ganic car bon
in the dated palaeosol sam ples ranged from 0.2 to 1.6%. Ra -
dio car bon dat ing was per formed us ing con ven tional meth ods at 
the Ab so lute Dat ing Lab o ra tory in Ska³a near Kraków (lab o ra -
tory code: MKL; Ta ble 2).

The ra dio car bon dat ing re sults were cal i brated us ing OxCal 
4.4 soft ware (https://c14.arch.ox.ac.uk/oxcal.html) and the

IntCal 09 cal i bra tion curve (Reimer et al., 2020; Ta ble 2). The
dates in this pa per are given in ra dio car bon years be fore the
pres ent (14C BP), with the cal i bra tion in di cated in pa ren the ses
(cal BC, AD), where age con trol is based on ra dio car bon dat ing. 
The clastic de pos its (sands, silts) at the Rozbórz site 28 have
been dated us ing Op ti cally Stim u lated Lu mi nes cence (OSL).
The OSL dat ing was per formed at the Gliwice Lab o ra tory of Lu -
mi nes cence Dat ing (Moska et al., 2021) (GdTL) (Ta ble 3). The
OSL ages shown in Ta ble 3 are ex pressed in years (a) be fore
1950.

RESULTS

ROZBÓRZ SITES 28 AND 42

Both sites are lo cated on the north ern slope of the loess pla -
teau, which de scends to the bot tom of the Sub-Carpathian
Ice-Mar ginal Val ley east of Przeworsk (Budek et al., 2013)
(Figs. 1C and 2A). They are multi cul tural sites fea tur ing ar chae -
o log i cal ar ti facts dat ing from the early Neo lithic pe riod, as well
as traces of late Palaeo lithic and Mesolithic pop u la tions. At site
28, a palaeosol has been dis cov ered in a denudational trough -
-like val ley cov ered with slope wash de pos its (Fig. 3).

The denudational trough-like val ley, filled with slope wash
de pos its, cuts into the al lu via of the Vistulian ter race, which lies
10–12 m above the Wis³ok riverbed (Gêbica, 2004). The ge ol -
ogy of the ter race was sur veyed in a pit dug to a depth of 3.5 m
(Fig. 4), un cov er ing the fol low ing lay ers (from top to bot tom): 

– 0.0–0.5 m of podzolic soil; 
– 0.5–2.25 m of hor i zon tally strat i fied silty sands;
– 2.25–3.50 m of sandy silts. 

A sam ple of sands from a depth of 2.05–2.10 m yielded an
OSL age of 9520 ±350 (GdTL-1134) (Ta ble 3), and at a depth of 
1.60–1.65 m, the age was 8860 ±420 (GdTL-1133). The up per -
most part of the ter race, at a depth of 1.0–1.05 m, yielded an
OSL age of 9680 ±380 (GdTL-1132) (Fig. 4).

Stor age pits up to 1.65 m deep were cut into the strat i fied
sandy and silty al lu via. One such pit, at a depth of 1.20 m, was
filled with burnt or ganic ma te rial dat ing to 5990 ±80 BP
(5100–4650 cal BC) (MKL-533) (Fig. 3). Ra dio car bon dat ing
cor rob o rates that these fea tures rep re sent ob jects from the
early Neo lithic Mal ice cul ture (Budek et al., 2013). The palaeo -
sol has a dark brown hu mus ho ri zon that is 40–70 cm thick, with 
a greater pro por tion of the silt frac tion to wards the top and a
pre dom i nance of clay to wards the bot tom. The con tent of or -
ganic car bon in the soil ranges from 1.6% at the top to 0.6% at
the bot tom (Fig. 5 and Ta ble 4).

At depths from 0.95 to 1.06 m at the bot tom of the pro file,
the con tent of Fe and other macroelements (Mg, Ca, Na, and K) 
in the soil in creases sig nif i cantly. A palaeosol in pro file no. 4
(Fig. 3) was dated to 4100 ±80 BP (2880–2480 cal BC)
(MKL-531) at its bot tom and has filled a part of a stor age pit (ob -
ject no. 834 R19) that con tained pot tery from the pe riod of the
Mal ice and Fun nel Beaker cul tures (Budek et al., 2013). There -
fore, the be gin ning of the soil for ma tion is at trib uted to the late
Neo lithic (Corded Ware cul ture) and/or the early Bronze Age. In 
pro file 1, the top of the soil has been dated to 1760 ±80 BP
(70–440 cal AD) (MKL-534) (Ta ble 2, Figs. 3 and 5). The on set
of soil fos sil iza tion in the other pro files has been dated to 1230
±60 BP (660–950 cal AD) (MKL-868) in pro file 2, 1010 ±60 BP
(890–1170 cal AD) (MKL-527) in pro file 3 (Ta ble 2 and Fig. 6),
and 1170 ±60 BP (760–990 cal AD) (MKL-529) in pro file 4 (Ta -
ble 2 and Fig. 3). The old est date (1760 ±60 BP) sug gests that
the fos sil iza tion of the soil in pro file 1 be gan dur ing the Ro man
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pe riod (1st–5th cen tury AD). In the next three pro files, youn ger
dates at the top of the soil in di cate the for ma tion of the slope
wash de pos its dur ing the early Mid dle Ages (7th–11th cen tury
AD). The slope wash de pos its were laid down at the foot of the
slope in a strip 200–300 m wide. The thick ness of the col lu vial
de pos its ranges from 0.9 to 1.4 m. This cover con sists of silts
with a large pro por tion of sand. The mean grain-size di am e ter
ranges from 4.5 to 5.8 j. The ma te rial is poorly to very poorly
sorted. In pro file 1, the pH in creases from 7 to 7.6 down to a
depth of ~1 m, then drops <7 in the humic ho ri zon of the
palaeosol at a depth of 1.06–1.15 m. Apart from the up per most

sam ple, the con tent of or ganic car bon in the slope wash cover
does not ex ceed 0.4% (Fig. 5 and Ta ble 4). In terms of grain
size and struc ture, the slope wash de pos its are di vided into two
lithological units (Fig. 6): (1) an older (lower) unit, up to 60 cm
thick, de pos ited di rectly on the palaeosol, in cludes hor i zon tally
strat i fied silts and sands with layer thick nesses rang ing from 1
to 11 cm, its up per part be ing slightly ir reg u lar, and (2) a youn -
ger (up per most) unit com posed of silt-sand de pos its up to
80 cm thick (with an ar a ble layer on top), its in ter nal struc ture
oblit er ated by soil-form ing pro cesses.

At site 42 in Rozbórz, the sed i men tary pro files were sur -
veyed to the north of the pla teau’s edge, dis sected by small
denudational trough-like val leys and routes (holwegs) with ex -
ten sive col lu vial fans de pos ited at their out lets. Be neath the col -
lu vial de pos its, a palaeosol sim i lar to or ganic soil or heavily de -
com posed peat soil with a black hu mus ho ri zon was found.
A soil sam ple ana lysed for palynological con tent by K. Szcze -
panek showed the pres ence of grass, pine, pop lar, fern, spruce, 
wil low, birch, al der, ha zel, oak and elm pol len grains. This com -
po si tion of the pol len spec trum may in di cate the At lan tic pe riod.
A soil sam ple taken from a depth of 0.90–0.95 m has been
dated to 4360 ±70 BP (3330–2870 cal BC) (MKL-752) (Ta ble
2), in di cat ing the Sub-Bo real pe riod. Un for tu nately, the be gin -
ning of the fos sil iza tion of or ganic soil at site 42 could not be de -
ter mined be cause the ra dio car bon dates, 1040 ±60 BP
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T a  b l e  2

Ra dio car bon dat ing out comes for fos sil soils, peats and wooden plat forms at ar chae o log i cal 
sites across the Kañczuga Pla teau

Site name and
pro file no. Depth [m] Type 

of ma te rial Fa cies of de pos its Lab o ra tory
no.

Ra dio car bon age
[BP]

Cal i brated age
[BC/AD]

(9.4%)

Rozbórz 28/1**

Rozbórz 28/2

Rozbórz 28/3

Rozbórz 28/4**

1.10–1.12

0.95–0.97

1.20–1.23

1.42–1.44

1.70–1.72

1.10–1.13

1.48–1.50

1.65–1.68

humic silt

humic silt

humic silt

humic silt

humic silty clay

humic silt

humic silty clay

humic silty clay

palaeosol

palaeosol

palaeosol

palaeosol

palaeosol

fill of stor age pit

MKL-534

MKL-868

MKL-869

MKL-527

MKL-528

MKL-529

MKL-532

MKL-531

1760 ±80

1230 ±60

3780 ±90

1010 ±60

3970 ±70

1170 ±60

4090 ±90

4100 ±80

70–440 AD

660–950 AD

2500–1950 BC

890–1170 AD

2850–2200 BC

760–990 AD

2900–2450 BC

2880–2480 BC

Rozbórz 42/3

Rozbórz 42/5

0.90–0.95

1.08–1.12

1.25–1.30

humic silt

humic silt

palaeosol

palaeosol

MKL-752

MKL-866

MKL-804

4360 ±70

1820 ±50

1040 ±60

3330–2870 BC

 70–340 AD

 880–1160 AD

O¿añsk 13

O¿añsk 13/6

O¿añsk 13/1*

1.40–1.45

1.0–1.05

1.12–1.14

humic silt

humic silt

humic silt

palaeosol

colluvia

palaeosol

MKL-806

MKL-537

MKL-291

7980 ±90

1340 ±80

12840 ±100

7140–6640 BC

560–890 AD

13650–12850 BC

Szczytna 6

 1/E

2/W

0.40–0.45

0.40–0.45

humic silt

humic silt

palaeosol

palaeosol

MKL-870

MKL-871

4795 ±70

4210 ±70

 3710–3370 BC

 2930–2570 BC

Ch³opice 16***

Ch³opice 16/1***

Ch³opice 16,
CHL5_W10***

0.90–0.92

1.25–1.27

1.67–1.68

humic silt

humic silt

humic silt

peat

peat

peat

wood (beam)

colluvia

palaeosol

palaeosol

palaeochannel

fill

frag ment of
wooden plat form

MKL-865

MKL-803

MKL-805

MKL-622

MKL-621

MKL-620

MKL-623

1720 ±60

2240 ±60

5210 ±70

1390 ±40

6350 ±90

6840 ±100

1560 ±40

130–440 AD 
410–160 BC

4240–3800 BC

570–690 AD

5490–5060 BC

5980–5560 BC

410–590 AD

Sko³oszów 7 0.75–0.80

1.15–1.20

humic silt

humic silt

palaeosol

palaeosol

MKL-538

MKL-539

4490 ±120

6920 ±90

3550–2850 BC

5990–5650 BC

T a  b l e  3

OSL dat ing of flu vial de pos its at Rozbórz site 28, pro file 6

Site name and 
pro file no. Depth [m] Type of

ma te rial
Lab o ra tory

code
OSL age

(a)

Rozbórz 28

6/1
1.0–1.05 silty sand GdTL-1132 9680 ±380

Rozbórz 28

6/2
1.60–1.65 silty sand GdTL-1133 8860 ±420

Rozbórz 28

6/3
2.05–2.10 silty sand GdTL-1134 9520 ±350
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Fig. 3. Cross-sec tion of the north ern slope of the Kañczuga Pla teau 

Fos sil soil, slope de pos its and al lu vial de pos its with ra dio car bon and OSL dat ing; Rozbórz
site 28 near Przeworsk; 1 – sand, 2 – silt (mud), 3 – stor age pit, 4 – soil (ar a ble ho ri zon), 

5 – slope wash (col lu vial) de pos its, 6 – fos sil soil, 7 – ra dio car bon dat ing points

F

Fig. 4. Al lu vial de pos its of the Wis³ok River dated by OSL at Rozbórz site 28, pro file 6

Li thol ogy and grain-size in di ces af ter Folk and Ward (1957); li thol ogy: A – me dium sand, B – silty sand, C – sandy silt, D – silt (mud), E – Ho -
lo cene soil; granulometry: 1 – coarse sand (Mz = –1 to +1 phi), 2 – me dium sand (Mz = +1 to +2 phi), 3 – fine sand (Mz =+2 to +4 phi), 4 –
coarse silt (Mz =+4 to +6 phi), 5 – fine silt (+6 to +8 phi), 6 – clay (Mz >8 phi); Mz – mean grain size, sI – stan dard de vi a tion, SkI –
skeweness, KG – kurtosis



(880–1160 cal AD) (MKL-804) at a depth of 1.25–1.30 m, and
1820 ±50 BP (70–340 cal AD) (MKL-866) at a depth of
1.08–1.12 m, ex hibit an age in ver sion.

O¯AÑSK SITE 13

The sec tion shown in Fig ure 7 orig i nates from the south ern
slope of the up per stretch of a denudational val ley (Fig. 2B) in
the catch ment ba sin of the San River, where ar chae o log i cal
fea tures and soil pro files sur veyed – both those with a hu mus
ho ri zon of the palaeosol pre served in situ and those with slope
wash de pos its – are marked. As de ter mined by ra dio car bon
dat ing, the old est stor age pits lo cated on the top of the pla teau
rep re sent the Neo lithic pe riod (Mal ice cul ture, Fun nel Beaker

cul ture, and Corded Ware cul ture). Youn ger stor age pits come
from the Bronze Age and the early Iron Age, and the most re -
cent fea tures (fur naces, clay pit) in the lower part of the slope
date back to the early Mid dle Ages (Wilk et al., 2013).

In pro file 5, un der the ar a ble layer (Ap) and humic silty slope
wash de pos its at a depth of 0.66–1.0 m, there is a layer of black
hu mus silt (ho ri zon A). De part ing from this at a depth of 1.0 m
are cracks 20 cm long and 3–8 cm wide, filled with hu mus.
These cracks dis sect the com pact silty clay (Bbr ho ri zon?) ly ing
be neath. They form an ir reg u lar net work of small poly gons on
the sur face, likely re sult ing from the dry ing of the ground. A
sam ple of hu mus taken from one of the pro files at a depth of
1.40–1.45 m has been dated to 7980 ±90 BP (7140–6640 cal
BC) (MKL-806) (Ta ble 2), in di cat ing the At lan tic pe riod. Ex cept
for sin gle pine and horn beam pol len grains and signs of a fire,
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F

Fig. 5. Li thol ogy, granulometry, grain-size in di ces and con tent of or ganic car bon in fos sil soil 
and col lu vial de pos its at Rozbórz site 28, pro file 1

Li thol ogy: A – sandy silt, B – sandy silt with or ganic mat ter, C – or ganic silt; granulometry: 1 – coarse sand
(Mz = –1 to +1 phi), 2 – me dium sand (Mz = +1 to +2 phi), 3 – fine sand (Mz = +2 to +4 phi), 4 – coarse silt

(Mz = +4 to +6 phi), 5 – fine silt (Mz = +6 to +8 phi), 6 – clay (Mz >8 phi), 7 – con tent of or ganic car bon;
Mz – mean grain size, sI – stan dard de vi a tion, SkI – skeweness, KG – kurtosis 

T a  b l e  4

Grain-size in di ces, pH, or ganic car bon con tent, Fe and se lected macroelements of fos sil soil 
and slope wash de pos its at Rozbórz site 28, pro file 1

Depth pH Corg. Macroelements
[mg/kg] Grain-size in di ces

[m] H2O KCl [%] Fe Mg Ca Na K Mz sI SK KG

0–0.21 7.2 7.0 1  6788 1231 2765 123 1755 4.51 2.19 0.07 1.64

0.21–0.38 7.0 5.9 0.4 7459 1385 1917   98 1608 5.01 1.84 0.18 1.52

0.38–0.46 7.1 6.0 0.3 5867 1010 1454   94 1211 4.21 2.0 0.05 1.27

0.46–0.56 7.2 6.1 0.2 6188 1043 1492   98 1163 4.51 1.76 0.15 1.67

0.56–0.75 7.5 6.2 0.3 6609 1094 1542 114 1379 5.06 1.94 0.18 1.4

0.75–0.95 7.4 6.4 0.3 7521 1285 1675 142 1493 4.93 1.97 0.16 1.49

0.95–1.06 7.6 6.3 1.2 18671 1968 3546 162 1974 5.32 1.63 0.25 1.44

1.06–1.15 7.0 6.2 1.6 22250 1793 4325 162 2000 5.69 1.97 0.34 1.16

1.15–1.35 7.2 6.0 0.9 33925 2194 3492 170 2361 5.76 2.0 0.14 1.28

1.351.48 7.6 6.0 0.6 84371 2673 3934 187 2743 5.83 2.13 0.18 1.06



these soils con tain no pol len grains. In pro file 1, as shown in the
sec tion (Fig. 7), a 50 cm thick fos sil hu mus ho ri zon of cher -
nozem has been found be neath slope wash de pos its at a depth
of 1.12–1.14 m, dated to 12 840 ±100 BP (13 650–12 850 cal
BC) (MKL-291) (Gêbica et al., 2010). This date, if not over es ti -
mated, sug gests that the soil for ma tion be gan in the Late
Vistulian (BÝlling) pe riod. The dis tri bu tion of stor age pits and
graves in the up per part of the slope (above pro file 8), be neath
the top soil, shows that both the orig i nal soil cover and the stor -
age pits have been eroded. In the lo cal de pres sions with pre -
served chernozems, loess col lu vial ma te rial has ac cu mu lated.
Ob jects such as clay pits and ov ens lo cated in the mid dle and
es pe cially the lower part of the slope were over lain by slope
wash de pos its up to 2 me tres thick.

SZCZYTNA SITE 6

Lo cated on top of a hill (263 m a.s.l.) (Fig. 2C), the ar chae -
o log i cal site in Szczytna fea tures a burial mound ~1–1.5 m
high, erected by late Neo lithic peo ple of the Corded Ware cul -
ture (Machnik, 2011). Since its cre ation, the mound has been
largely lev elled by nat u ral de nu da tion pro cesses and plough -
ing. The rem nants of the burial mound, mea sur ing 25 x 25 m,
are cov ered with con tem po rary soil (an ar a ble ho ri zon) un der
which a fos sil hu mus ho ri zon of older Ho lo cene soil, used to
build the mound, has been ex posed. The soil pro files on the
east ern and west ern parts of the top of the bar row re veal (from 
top to bot tom): 

– a silty ar a ble layer (Ap);

– black hu mus silt (A ho ri zon of the palaeosol) rang ing in
thick ness from 0.25 to 0.47 m;

– decalcified brown-yel low silt (illuvial Bt ho ri zon?);
– cal ci fied loess <1.1–1.2 m. 

The humic ho ri zon in the east ern pro file has been dated to
4795 ±70 BP (3710–3370 cal BC) (MKL-870) (Ta ble 2). In the
west ern pro file, the humic ho ri zon fills a stor age pit de scend ing
to a depth of 0.5–0.8 m. Hu mus in this pro file, found at a depth
of 0.40–0.45 m, was dated to 4210 ±70 BP (2930–2570 cal BC)
(MKL-871) (Ta ble 2). A very sim i lar date of 4320 ±90 BP
(3335–2672 cal BC) (MKL-1033) has been es tab lished for a
grave un der the mound, cor rob o rat ing its as so ci a tion with the
Corded Ware cul ture (Jarosz and Machnik, 2017). Pro files out -
side the mound lack a fos sil humic layer but in stead fea ture
strat i fied silt de pos its.

CH£OPICE SITE 16

The pro files sur veyed were lo cated be low ar chae o log i cal
site no. 16 in Ch³opice, on the slope of the £êg Rokietnicki River
Val ley (a trib u tary of the San River), which faces south (Fig.
2D). The lithological pro file at the foot of the slope in cludes
loess and hu mus slope wash de pos its over ly ing a palaeosol
dated to the At lan tic pe riod. The bot tom of the soil at a depth of
1.67 m has been dated to 5210 ±70 BP (4240–3800 cal BC)
(MKL-805), and the top at a depth of 1.25 m to 2240 ±60 BP
(410–160 cal BC) (MKL-803) (Ta ble 2). The soil is cov ered with
a 30 cm thick layer of silty slope wash de pos its and hu mus,
dated to 1720 ±60 BP (130–440 cal AD) (MKL-865) at a depth
of 0.90 m (Gêbica, 2015). The youn gest date in the pro file sug -
gests that the ac ti va tion of the slope cov ers be gan in the Ro -
man pe riod, as cor rob o rated by the pres ence of hearths (fur -
naces) used by peo ple of the Przeworsk cul ture at the site
(Jêdrzejewska and Wilk, 2015). In the early Mid dle Ages, slope
de nu da tion in ten si fied, as in di cated by wooden struc tures cov -
ered by slope wash de pos its. Ar chae ol o gists made a sig nif i cant 
dis cov ery in the peaty bot tom of the £êg Rokietnicki River at a
depth of ~2 m, find ing a wooden bridge (plat form) dated to 1560
±40 BP (410–590 cal AD) (MKL-623), built by the in hab it ants of
an early Slavic set tle ment in Ch³opice (Jêdrzejewska and Wilk,
2015). Bore holes have shown that the bot tom of the val ley is
filled with peat dated to 6840 ±100 BP (5980–5560 cal BC)
(MKL-620) at a depth of 2.57–2.64 m and to 6350 ±90 BP
(5490–5060 cal BC) (MKL-621) at a depth of 2.42–2.50 m
(Gêbica, 2015). This in di cates that the ac cu mu la tion of these
or ganic de pos its dates back to the At lan tic pe riod. Ex cept for
pine, al der, fern, and iso lated birch and horn beam pol len grains, 
the peat did not con tain any de tect able plant pol len grains, so
the com po si tion of the nat u ral veg e ta tion and crops cul ti vated
by the peo ple at that time re mains un known.

SKO£OSZÓW SITE 7

The pro files de scribed are lo cated be low ar chae o log i cal site 
no. 7 in Sko³oszów (Rybicka, 2011; Król and Niebieszczañski,
2019), on a gen tle slope in clined to wards a loess ter race,
~200–300 m east of the Rada River Val ley (Figs. 1C and 2E).
The pro file in the lower stretch of the slope was close to a
drainless de pres sion (Pol ish “wymok”) filled with wa ter. Un der a 
0.7 m thick layer of loess slope wash de pos its, the sur vey un -
cov ered dark brown/black com pact hu mus silt (A ho ri zon) of the 
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Fig. 6. Rozbórz site 28, pro file 3

The struc ture of slope wash de pos its and ra dio car bon age of the
bur ied soil ac cu mu lated at the foot of the loess pla teau. Lithological
units (1) and (2) in the col lu vial de pos its are de scribed in the text.
Dat ing of the bur ied soil at the top – 1010 ±60 BP (MKL-527) in di -
cates that the col lu vial de pos its in this pro file ac cu mu lated in the
early Mid dle Ages (9th–12th cen tury AD)

https://doi.org/0.24916/iansa.2019.22
https://doi.org/0.24916/iansa.2019.22


palaeosol, which reaches down to a depth of 1.2 m, then trans -
form ing into yel low-or ange decalcified loess (Bt ho ri zon?) with
cracks filled with humic ma te rial to a depth of 1.45 m. The dat -
ing of the hu mus ho ri zon at the base of the palaeosol at a depth
of 1.15–1.20 m yielded an age of 6920 ±90 BP (5990–5650 cal
BC) (MKL-539) (Ta ble 2), at trib ut ing it to the At lan tic pe riod.
The age of the sam ple from the up per most part of the soil at a
depth of 0.75–0.80 m is 4490±120 BP (3550–2850 cal BC)
(MKL-538). The slope wash de pos its cov er ing the fos sil soil can 
be at trib uted to the ac tiv i ties of a set tle ment of the Fun nel
Beaker cul ture, which was lo cated here (Rybicka, 2011; Król,
2018; Król and Niebieszczañski, 2019).

INTERPRETATION AND DISCUSSION

AGE OF CHERNOZEMS ON THE SUBCARPATHIAN 
LOESS PLATEAU

In the early Ho lo cene, with the cool and dry cli mate that pre -
vailed at the time, chernozems de vel oped on loess un der for est 
and grass veg e ta tion (Vysloužilova et al., 2014). It can not be
ruled out that the chernozems had al ready formed in the Late
Vistulian. This is im plied by ra dio car bon dat ing of 12 840 ±100
BP (13 650–12 850 cal BC) (MKL-291) (Gêbica et al., 2010) for
a fos sil humic ho ri zon in O¿añsk (Fig. 7). A sim i lar dat ing re sult,

in di cat ing the be gin nings of cher nozem for ma tion in the late
Vistulian, was ob tained from bur ied humic soil in the Sudeten
Fore land (Kaba³a et al., 2019). By the time early Neo lithic farm -
ers be gan cul ti vat ing the land in the cli ma tic op ti mum of the Ho -
lo cene (the At lan tic pe riod), the pro files of the chernozems were 
al ready fully de vel oped (ma ture soils). This is in di cated by the
ra dio car bon dat ing of humic sub stances sam pled from the base 
of fos sil chernozems in O¿añsk (7980 ±90 BP, 7140–6640 cal
BC) (MKL-806), Sko³oszów (6920 ±90 BP, 5990–5650 cal BC)
(MKL-539), and Ch³opice (5210 ±70 BP, 4240–3800 cal BC)
(MKL-805). The age of the de pos its fill ing the bot tom of the £êg
Rokietnicki Val ley (6840–6350 BP, 5980–5060 cal BC) (Gê -
bica, 2015) and the Rada Val ley (6780 BP) (Kalicki, 1998) sug -
gests that both cher nozem soils on the slope and or ganic de -
pos its in the val ley floors were formed dur ing the At lan tic pe riod. 
Dat ing of hu mus in palaeosols can yield er ro ne ous re sults due
to the con tin u ous mix ing of humic ma te rial dur ing soil for ma tion. 
There fore, the re sults of dat ing should be treated as av er age
age val ues, closer to the end of the hu mus ac cu mu la tion in ter -
val rather than to the be gin ning of the soil for ma tion pro cess
(Gêbica, 1995; Kaba³a et al., 2019). 

Prob lem of the or i gin, age, and evo lu tion of soils in loess ar -
eas is more com plex. Ob ser va tions of some palaeosols un der -
ly ing col lu vial de pos its show that these soils may have fea tures
of a soil pedo complex (two soils su per im posed on each other),
rep re sent ing two cy cles of soil pro cess de vel op ment: an older
one from the for est phase (Luvisol) and a youn ger one which
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Fig. 7. Cross-sec tion of O¿añsk site 13: ar chae o log i cal fea tures, fos sil soil pro files and slope de pos its

Num bers with out pa ren the ses with BP mark 14C dat ing (not cal i brated); the num bers above the cross-sec tion cor re spond to the soil pro files
iden ti fied and pro vide ref er ence to their spe cific lo ca tions within the site; 1 – soil (ar a ble ho ri zon) with re cent sur face (solid line), 2 – slope
wash silts, 3 – slope wash humic ho ri zons, 4 – fos sil humic ho ri zon of cher nozem in situ, 5 – strat i fied loess, 6 – mas sive loess, 7 – stor age
pits, 8 – cul tural lay ers with artefacts, 9 – sup posed depth of loess un al tered by the soil pro cesses, 10 – num ber of stor age pit, 11 – re con -
structed pri mary sur face of slope

https://doi.org/10.1007/s00334-014-0441-7
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https://doi.org/10.15584/misroa.2018.39.2
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fea tures a su per im posed humic soil ho ri zon (meadow soil)
(£anczont et al., 2006b). These ob ser va tions are cor rob o rated
by age de ter mi na tions us ing TL (thermoluminescence) on the
illuvial (Bt) ho ri zon of a fos sil soil at 11,200–10,800, sug gest ing
that the for ma tion of Luvisol on the loess of the Kañczuga Pla -
teau should be dated to the Alleröd. This soil was sub ject to de -
nu da tion pro cesses in the Late Vistulian, and the hu mus ho ri -
zon (su per im posed on the Luvisol), TL-dated to 9100, prob a bly
rep re sents a youn ger, Preboreal phase of soil de vel op ment
(£anczont et al., 2006b).

NEOLITHIC – THE BEGINNING OF DEGRADATION 
OF THE SOIL COVER

The ar rival of farm ing pop u la tions from the Fun nel Beaker
cul ture ini ti ated the deg ra da tion of the chernozems and the
ac ti va tion of slope cov ers. The depth of ero sion in stor age pits
and soil pro files, as well as the oc cur rence of bur ied cher -
nozem in closed de pres sions at the O¿añsk site, en abled the
re con struc tion of the old top o graphic sur face of the slope (Fig.
7). Soil cover and stor age pits lo cated on the up per part of the
hillslope were sub ject to ero sion, while col lu vial sed i ments ac -
cu mu lated in small de pres sions, pre serv ing the chernozems.
These pro cesses grad u ally smoothed the orig i nal undulose
sur face of the slope. The es ti mated amount of de nu da tion on
the slope since the be gin ning of set tle ment in O¿añsk is be -
tween 0.5 and 1.0 metres. How ever, these pro cesses did not
ex tend to larger loess ar eas but were con fined to iso lated
patches near large set tle ments of the Fun nel Beaker cul ture
(Rybicka, 2011; Król, 2018; Król and Niebieszczañski, 2019).
Re search re sults sim i lar to those at the O¿añsk site, aimed at
re con struct ing the orig i nal slope sur face based on pedological 
anal y sis, were ob tained at ar chae o log i cal sites in the cen tral
part of Roztocze (Rodzik et al., 2017) and in the Lublin Up land
(Rodzik et al., 2014). The on set of cher nozem fos sil iza tion
and the fill ing of a closed de pres sion (“wymok”) on the loess
ter race, dated to 4490 ±120 BP (3550–2850 cal BC) (MKL-
 538), are as so ci ated with the ex is tence of a large mega lithic
set tle ment of the Fun nel Beaker cul ture in Sko³oszów (Ry -
bicka, 2011; Król and Niebieszczañski, 2019). Sim i lar dat ing
re sults (us ing OSL and 14C meth ods), doc u ment ing the on set
of soil ero sion dur ing the ac tiv ity of the Fun nel Beaker cul ture,
come from col lu vial de pos its fill ing clo sed de pres sions on the
loess Na³êczów Pla teau in east ern Po land (Ko³odyñska- Ga -
wry siak et al., 2017). Loess up lands and hills de for ested by
the Fun nel Beaker cul ture were used by shep herd tribes of the 
Corded Ware cul ture, who built burial mounds at the top of the
hill in Szczytna (Jarosz and Machnik, 2017) and most likely
also in the area of Cieszacin Wielki (£anczont et al., 2003).
Niche graves of the Corded Ware cul ture dis cov ered in
Mirocin on the flat hill top (Mazurek and Sznajdrowska, 2016;
Fig. 1C) may in di rectly in di cate the ex is tence of bar rows there, 
now com pletely de stroyed (Jarosz et al., 2019). The re con -
struc tion of the oc cur rence of pri mary cher nozem and soil
formed on the mound in di cates that the mound em bank ment
lost ~0.5–1.0 me ters to ero sion by nat u ral and anthropogenic
de nu da tion pro cesses. The ra dio car bon date of 4210 ±70 BP
(2940–2585 cal BC) (MKL-871) as cribed to cher nozem hu -
mus sam pled from the mound at a depth of 0.45 me ters cor -
rob o rates that the mound and the buri als are at trib ut able to the 
Corded Ware cul ture (Jarosz and Machnik, 2017).

AGE OF SLOPE DEPOSITS AND BURIED SOIL AT THE FOOT 
OF THE SUBCARPATHIAN LOESS PLATEAU

On the north ern slope of the Kañczuga Pla teau in Rozbórz,
a hu mus ho ri zon of bur ied soil, dated to the late Neo lithic and/or 
early Bronze Age (4100–3970 BP, 2880–2200 cal BC), over lies 
the bot tom of a fos sil denudational trough-like val ley cov ered
with slope wash de pos its (Fig. 3). This denudational trough-like
val ley cuts into the sandy and silty al lu via of the Wis³ok River, for 
which OSL dat ing has given ages of 9520 ±350 (GdTL-1134) at
the bot tom and 9680 ±380 (GdTL-1132) at the top (Ta ble 3).
De spite the age in ver sion, likely caused by rapid sed i ment de -
po si tion and the re sul tant in com plete ze ro ing (bleach ing) of the
OSL sig nal in sandy sed i ments, all three dates sug gest ac cu -
mu la tion dur ing the early Ho lo cene. From a geomorphological
view point, the OSL age of the flu vial de pos its in Rozbórz is
slightly un der es ti mated com pared to the dat ing of the al lu vium
of the Vistulian ter race of the Wis³ok River (Gêbica, 2004). The
humic ho ri zon of the soil was over lain by silt-sand col lu vial de -
pos its, 0.9–1.40 m thick. The progradation of small col lu vial
cones oc curred suc ces sively from the Ro man Pe riod to the
early Mid dle Ages (7th–11th cen tu ries AD) (Budek et al., 2013)
(Fig. 3). Par a dox i cally, no ar ti facts or struc tures in dic a tive of
early Me di eval set tle ment have been found near the dated pro -
files. Rather, the area was used as farm land at that time. In ter -
est ingly, the be gin ning of soil for ma tion in Rozbórz, dated to
~4300–4000 BC, co in cides with a dis tinct phase of flood ing and
wa ter level surges iden ti fied in the Vistula Val ley east of Kraków
(Kalicki et al., 1996) and on the pe riph ery of the peat bog area
cov ered by the al lu vial fan of the S³ocina Stream in Rzeszów
(Starkel et al., 2002). The al lu vial clays over ly ing the Preboreal
peat in the Wis³ok palaeochannel in Gniewczyna £añcucka to
the north of Jaros³aw town (Gêbica, 2011) have been dated to
the same time (3970 ±60 BP).

In the low est part of the slope at the O¿añsk site, a layer
with early Me di eval ar ti facts has been found be neath humic
slope wash de pos its at a depth of 1.5–2.1 m. The dat ing of the
soil slope wash de pos its above the ar ti fact layer to 1340 ±80
BP (560–890 AD) (MKL-537) and 1210 ±70 BP (MKL-536)
(Ta ble 2 and Fig. 7) sug gests that the col lu vial de pos its were
ac ti vated in the 6th–9th cen tu ries AD, i.e., at the same time as
in Rozbórz near Przeworsk. In Ch³opice, on the slope of the
£êg Rokietnicki Val ley, denudational pro cesses and soil fos sil -
iza tion were ini ti ated in 2240 ±60 BP (410–160 cal BC)
(MKL-803), i.e., dur ing the Pre-Ro man Pe riod (Laten Pe riod),
but the thick est humic slope wash de pos its ac cu mu lated in the 
Ro man pe riod (1720 ±60 BP, 130–440 cal AD) (MKL-865)
(Gêbica, 2015). A hearth used by the peo ple of the Przeworsk
cul ture, cov ered by 1.5 m thick slope de pos its, dates to that
pe riod (Jêdrzejewska and Wilk, 2015). Sur veys on the val ley
floor of the £êg Rokietnicki re vealed frag ments of a wooden
bridge (plat form) at a depth of 1.5–2.0 m, dated by dendro -
chronology and 14C to the sec ond half of the 9th cen tury AD,
as so ci ated with an early Sla vonic set tle ment (Jêdrzejewska
and Wilk, 2015). An al lu vi ation pro cess (upbuilding of val ley
bot toms), doc u mented in al lu vial-fan de pos its in a trib u tary of
the Mleczka Wschodnia River, is pri mar ily at trib uted to the ac -
ti va tion of slope cov ers as a re sult of de for es ta tion in the early
Mid dle Ages (Klimek et al., 2006; £anczont et al., 2006a). Sim -
i lar ev i dence of val ley fill ing and in ten sive progradation of col -
lu vial/al lu vial fans in the Ro man pe riod and the early Mid dle
Ages has been found in loess ar eas of the Lit tle Po land
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(Ma³opolska) Up land (Œnieszko, 1995; Szwar czewski, 2009;
Michno, 2012) and the G³ubczyce Pla teau in the up per Oder
River Ba sin (Zygmunt, 2004).

CONCLUSIONS

The con clu sions drawn from this study high light the im pact
of hu man ac tiv i ties and nat u ral pro cesses on the land scape
evo lu tion over time. Key find ings in clude:

1. The scale of anthropogenic trans for ma tions of slopes
over the pe riod in ves ti gated var ied spa tially but the amount of
soil ero sion was not sig nif i cant. The pe ri ods of slope re lief
trans for ma tion and the build-up of val ley bot toms co in cided with 
the de vel op ment of pre his toric cul tures, which may im ply that
the de vel op ment of the re lief and soil cover in the Late Ho lo -
cene was driven by anthropogenic pres sures. Cli mate fluc tu a -
tions may have in ten si fied the trans for ma tion of ter rain re lief
and in flu enced the dy nam ics of man-made de nu da tion pro -
cesses.

2. By the time Neo lithic farm ers ar rived in the area, the cher -
nozem pro files on the Kañczuga Pla teau had al ready fully de -
vel oped, a fact cor rob o rated by sur veys on the Proszowice Pla -
teau (Skiba and Ko³odziejczyk, 2004). The re con structed orig i -
nal slope sur face at the O¿añsk site shows that lo cally, the
amount of de nu da tion within the Kañczuga Pla teau area ran -
ged be tween 0.5 and 1 m, while the ac cu mu la tion of sed i ments
at the foot of slopes and in the bot toms of val leys did not ex ceed 
2 m.

3. The ac ti va tion of the slope cov ers, which are 1–2 m thick,
mainly dates to the Ro man pe riod and the early Mid dle Ages.
Tex tur ally, these are silty-sandy de pos its char ac ter ized by

coarser grains and a lower con tent of or ganic mat ter and
macroelements com pared to the bur ied soil.

4. The change in land use (us ing land as pas ture in stead of
for cul ti va tion) or a break in the set tle ment at the end of the Neo -
lithic and/or early Bronze Age halted de nu da tion pro cesses and 
led to the for ma tion (~4000 BP) of a humic ho ri zon in the soil at
the foot of the north ern slope of the Kañczuga Pla teau (in
Rozbórz).
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