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As sess ing the in ter ac tions be tween nat u ral en vi ron men tal change and land deg ra da tion due to hu man im pact is cru cial for
palaeoenvironmental anal y sis in loess ar eas. How ever, the re con struc tion of re lief evo lu tion in loess re gions of SW Po land in 
re la tion to hu man im pact of the first agrar ian cul tures, is not well un der stood by com par i son with other loess ar eas in Po land.
There fore, our study aims to re con struct land-use changes based on a palaeosol-bear ing sed i men tary se quence in a loess
gully in this re gion. The re search was con ducted in the hilly re gion of SW Po land, where loess patches oc cur. To in ves ti gate
pre his toric hu man im pact in this area, we ana lysed dry val ley sys tems near the vil lage of Nowolesie, em ploy ing a com bi na -
tion of lithostratigraphic anal y sis and dat ing (ra dio car bon and OSL) tech niques. Within a 4.0 m-thick sed i men tary suc ces sion 
fill ing the bot tom of the gully, we iden ti fied loess-palaeosol se quences that rep re sent a re cord of en vi ron men tal changes dur -
ing the Ho lo cene. Our find ings sug gests that de for es ta tion and dry val ley trans for ma tion oc curred dur ing the Neo lithic/early
Bronze Age tran si tion. Sub se quently, ero sional pro cesses in ten si fied dur ing the Mid dle Ages. Dur ing this pe riod, sed i ment
dat ing to the Neo lithic/Bronze Age was de pos ited in the up per parts of the gully and was later trans ported to the lower part of
the main gully and re de pos ited in sev eral ep i sodes.

Key words: gully ero sion, OSL dat ing, loess.

INTRODUCTION

Loess cov ers, due to the fer tile soils de vel oped on them,
have been anthropogenically trans formed since the Neo lithic
pe riod in Eu rope and other parts of the world (Brown,1997;
Lang, 2003; Lang and Bork, 2006; Leopold and Völkel, 2007;
James, 2013; Schaetzl et al. 2018). A dis tinc tive fea ture of the
loess land scape is the oc cur rence of gul lies, which re search
sug gests are pri mar ily im pacted by land use change rather than 
cli mate change (Valentin et al., 2005; Ionita et al., 2015). More -
over, some stud ies sug gest that not only de for es ta tion but also
a com bi na tion land over use and pe ri ods with a high fre quency
of ex treme rain fall events play a role in gully ero sion. A com bi -
na tion of hu man-in duced land use change and ex treme rain fall
events was also sug gested by Lang and Mauz (2006).

The re moval of the for est cover by hu mans leads to rapid
rain wa ter run off and in tense soil ero sion, re sult ing in gully de -

vel op ment (Starkel, 1991; Œnieszko, 1995; Poesen et al., 2003; 
Valentin et al., 2005; Porêba et al., 2019). The eroded sed i ment 
ac cu mu lates on the bot toms of these gul lies, form ing col lu vial
de pos its that are strongly linked to hu man ac tiv i ties such as set -
tle ment, clear ing, min ing, and ag ri cul ture (Leopold, 2003). The
mod ern re lief of loess ar eas is char ac ter ized by nu mer ous gul -
lies, many of which were likely ini ti ated dur ing the pe riod of the
first ag ri cul tural cul tures.

Sed i men tary de pos its in val leys bot toms, gul lies, al lu vial
fans, river ter races, closed de pres sions and sink holes con tain a 
re cord of tem po ral and spa tial trans for ma tions in the land scape
due to both land use by hu mans and to lo cal cli mate changes.
Anal y sis of these geoarchives pro vides valu able in sight into
past en vi ron men tal con di tions (Zygmunt, 2009; Dreibrodt et al., 
2010; Fuchs et al., 2011; Zg³obicki and Zg³obicka, 2011;
Dotterweich et al., 2012; Wistuba et al., 2018; Meyer-Heintze et 
al., 2020).

Soil ero sion, es pe cially gully ero sion, is a ma jor prob lem af -
fect ing ag ri cul tural pro duc tiv ity and en vi ron men tal con di tions in
re gions such as the Eu ro pean Loess Belt, the Chi nese Loess
Pla teau and North Amer ica (Casali et al., 2000, 2006; Valentin
et al., 2005; Kertészand and Gergely, 2011; Lehmkuhlet al.,
2016; Li et al., 2017; Steinhoff-Knoppand and Burkhard, 2018;
Frankl et al, 2018). In ter dis ci plin ary re search has es tab lished
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cor re la tions be tween changes in the chem i cal com po si tion,
stra tig ra phy, and li thol ogy of the loess de pos its and ar chae o -
log i cal re cords of his toric land-use changes. These stud ies
have traced the im pact of such changes on hillslope ero sion
and sed i ment re dis tri bu tion from the Neo lithic, Bronze and Iron
Ages, through the Mid dle Ages and the In dus trial Rev o lu tion,
and up to the pres ent day (Porêba and Murray, 2006; Smolska,
2007; Zg³obicki and Rodzik, 2007; Szwarczewski, 2009). 

How ever, lit tle such re search has been con ducted in the
Lower Silesia re gion of Po land, where an ar chae o log i cal fo cus
has dom i nated (Kulczycka-Leciejewiczowa, 1993; Ryzner and
Owczarek, 2020). 

The re la tion ship be tween the econ o mies of pre his toric set -
tle ments in loess ar eas and the trans for ma tion of re lief un der in -
creas ingly strong anthropogenic pres sure has long been stud -
ied in Po land and other parts of the world (Œnieszko, 1985; Kruk 
et al., 1996; Kruk and Milisauskas, 1999; Brown, 1997;
Dotterweich, 2008; James, 2013). Nev er the less, it re mains
chal leng ing to dis tin guish the in flu ence of nat u ral fac tors from
anthropogenic ones (Starkel, 2005, 2006; Ko³odyñska-
Gawrysiak et al., 2017) as both can af fect the evo lu tion of the
land scape and trig ger gully for ma tion pro cesses (Valentin et al., 
2005; Dotterweich et al., 2012; Twardy, 2013). 

This study in ves ti gates the re la tion ship be tween ag ri cul tural 
ac tiv ity and changes in geomorphic pro cesses in the loess ar -
eas of south west ern Po land. The study spe cif i cally fo cuses on
gul lies lo cated in the for ested ar eas of the Sudetes Fore land,
ar eas where lit tle in for ma tion is cur rently avail able about their
age, spa tial dis tri bu tion, and mor pho log i cal and top o graph i cal
char ac ter is tics. The chro no log i cal stud ies are pri mar ily based
on Op ti cally Stim u lated Lu mi nes cence (OSL) dat ing of the de -
pos its fill ing the gully. How ever, it is im por tant to note that dur -
ing the colluviation pro cess, the OSL sig nal may not al ways be
fully re set, re quir ing a cau tious in ter pre ta tion of re sults that con -
sid ers sed i men tary char ac ter is tics, geomorphological con di -
tions, and other fac tors (Porêba et al., 2012, 2013). 

Within the re search con ducted, the chro nol ogy of col lu vial
de pos its fill ing the bot tom of the gully was es tab lished by OSL
dat ing. The study also con strained  the ex tent to which par tic u -
lar fac tors played a role in trig ger ing the gully pro cesses. This
re search al lowed us to iden tify the his tor i cal causes of gully ero -
sion, par tic u larly de ter min ing whether the main pe ri ods of gully
ero sion in Eu rope were as so ci ated not only with de for es ta tion
and land over use but also with pe ri ods char ac ter ized by fre -
quent ex treme rain fall events (Lang and Mauz, 2006). In ad di -
tion to OSL dat ing, other meth ods such as 14C (ra dio car bon)
and fall out ra dio iso tope dat ing were also used in this study.
Cs-137 is a valu able tracer of mod ern sed i ments and is used in
var i ous en vi ron ments to study ero sion and sed i men ta tion pro -
cesses (Porto et al., 2003; Knox, 2006; Porêba et al., 2018) 

There fore, to achieve the re search ob jec tives, multiproxy
meth ods were uti lized, in clud ing geomorphological, lithological, 
and var i ous geo chron ol ogi cal analyses.

STUDY AREA

The re search was car ried out in the loess ar eas of the
Sudetes Fore land in south west ern Po land, where loess is pre -
dom i nantly found as iso lated patches. The study fo cused on
the Strzelin Hills (Jary et al., 2002), a re gion char ac ter ized by
lon gi tu di nal stretches of hills with el e va tions ex ceed ing
300 m a.s.l., with the high est el e va tion at Gromnik 392 m a.s.l.
The geo log i cal com po si tion of the area in cludes gneiss es,
quartz ite, mica schists, mar bles and am phi bo lites (Oberc-
Dziedzic and Szczepañski,1995). The av er age thick ness of the 

loess cover in the study area is ~3–6 m and in cludes a va ri ety of 
typ i cal land forms, in clud ing gul lies. Of par tic u lar in ter est is a
gully lo cated near the vil lage of Nowolesie (l17.05 E/j 50.71 N;
Fig. 1A) on the west ern slopes of the Strzelin Hills.

The en tire gully sys tem of the Strzelin Hills is cur rently cov -
ered by for est. The study in volved an ex am i na tion of sed i men -
tary struc tures us ing bore holes and hor i zon tal dug pro files of
the de pos its fill ing the bot toms of gul lies in the Nowolesie area.
Only one site, based on sedimentology and the con di tion of the
gully, was deemed suit able for fur ther ex ca va tion and de tailed
anal y sis, the re sults of which are pre sented in this pa per. The
gully ana lysed is sit u ated on the north ern slope of the Strzelin
Hills, ~1 km south of Nowolesie vil lage. This slope is dis sected
by three sep a rate gully sys tems. The gully an a lyzed is ~500
metres long with sev eral side branches. The gully’s slope
reaches an in cli na tion of 53°, which de creases to be tween 10
and 20° at the mouth of the form (see Fig. 3A). The up per parts
of the gully are V-shaped, with a dis tinct deep en ing at its bot -
tom, in di cat ing two-phase deep en ing. In the up per parts of the
gully, ero sive in den ta tions in the bot tom can reach 5 m in depth
(see Fig. 3B–D). The lower parts of the gully have a flat bot tom,
as il lus trated in Fig ures 3B and 3C. Ex ca va tion was car ried out
in this par tic u lar sec tion of the gully. At the mouth of the gully, a
cur rently in ac tive al lu vial fan can be ob served.

MATERIAL AND METHODS

The ex ca va tion, 5.5 m long and 4 m deep, was made us ing
an ex ca va tor across the gully at its lower part (see Figs. 1B and
2A). The pro file was cleaned to better dis tin guish the
sedimentological vari a tions (Fig. 2B). Sam ples for lab o ra tory
anal y sis were taken from each strati graphic unit (Fig. 2C). Lab -
o ra tory anal y ses were car ried out pri mar ily in the Lab o ra tory of
Soil Me chan ics at the Uni ver sity of Wroclaw and in cluded grain
size anal y sis (Mastersizer 2000), and the de ter mi na tion of car -
bon/hu mus con tent em ploy ing the Tiurin method. The con tent
of anthropogenic el e ments, spe cif i cally heavy met als such as
Cu, Pb, Zn, Cd, Fe, Ni, Cr, and Mn, was also mea sured. For
dat ing pur poses, both OSL and ra dio car bon 14C dat ing meth -
ods were used. Ad di tion ally, 137Cs anal y sis was car ried out on
sam ples taken from the up per lay ers of the suc ces sion. Both
OSL and 14C dat ing, as well as 137Cs anal y sis, were con ducted
in the Di vi sion of Geo chron ol ogy and En vi ron men tal Iso topes at 
the In sti tute of Phys ics CSE, Silesian Uni ver sity of Tech nol ogy.

GRAIN SIZE, HUMUS AND HEAVY METAL
ANALYSES

Twenty-nine sam ples were col lected for grain size anal y sis.
Sam ples were taken ev ery 10 cm down to a depth of 2.6 m, and
there af ter at 50 cm in ter vals. Lab o ra tory de ter mi na tion of grain
size was de ter mined us ing a la ser grain-size an a lyzer (Malvern
Mastersizer 2000), which has a mea sure ment range of
0.02–2000 µm with a pre ci sion of ~1%. The sam ples were pre -
pared by re mov ing im pu ri ties, in clud ing or ganic mat ter and car -
bon ates, us ing 30% hy dro gen per ox ide (H2O2) and 10% hy dro -
chlo ric acid (HCl) so lu tions. Sub se quently, the sam ples were
dis persed in a 0.5 N so dium metaphosphosphate ((NaPO3)6)
so lu tion and sub ject to ul tra sonic sound for five min utes prior to
mea sure ment (e.g., Ma son et al., 2003).

Or ganic car bon con tent was mea sured us ing the Tiurin
method (Drozd et al., 2002). Soil min er al iza tion and heavy met -
als were determinated ac cord ing to stan dard EPA-3051 pro ce -
dures. The soil sam ples were first dried, ground, and sieved.
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Fig. 1A – lo ca tion of the study area within SW Po land and the Sudetes Forefield; B – de tailed map of the Nowolesie gully with
lo ca tion of the ex ca va tion and cross-sec tion pro files

Fig. 2A – ex ca vat ing a sed i men tary pro file across the Nowolesie gully by us ing ex ca va tor; 
B – gen eral view of sed i men tary pro file, C – tak ing OSL sam ples



Then, 0.5 g of each sam ple was treated with 5 ml of 60%
ultrapure ni tric acid (HNO3) in a Tef lon di ges tion ves sel. The min -
er al iza tion pro cess uti lized a Mars X-PRESS mi cro wave
mineralizer from CEM Cor po ra tion. Af ter the min er al iza tion pro -
cess, the so lu tion was di luted, fil tered, and sub jected to flame
atomic ab sorp tion spec tros copy (FAAS) us ing an Avanta Sigma
sys tem from GBC for heavy metal anal y sis. The re sults ob tained
were ad justed to re flect the dry weight of the sam ple (EPA
Method 3051,1990; Jakimowicz-Hnatyszak and Rubel, 1998).

OSL DATING

Eleven sam ples were an a lyzed in the Gliwice Lu mi nes -
cence Lab o ra tory (GLL, Moska et al., 2021) us ing op ti cally
stim u lated lu mi nes cence (OSL). To de ter mine the lu mi nes -
cence age, both the equiv a lent dose and the dose rate need to
be de ter mined. The equiv a lent dose is de ter mined by a lu mi -
nes cence reader af ter chem i cal prep a ra tion of quartz grains,
while the dose rate is cal cu lated based on the val ues of nat u ral
ra dio ac tiv ity in the sam ples (Moska et al., 2021). Fur ther more,
sed i ment sam ples from 3 cores were an a lyzed in the GLL to de -
ter mine 137Cs con tents. 

In the lab o ra tory, sam ples were pre pared both for gamma
spec trom e try and lu mi nes cence mea sure ments. High-res o lu -
tion gamma spec trom e try us ing a HPGe de tec tor was used to
de ter mine the con tent of ura nium (238U), tho rium (232Th) and po -
tas sium (40K) in the sam ples. Each mea sure ment lasted for at
least 80 ks. Prior to ac tiv ity mea sure ment, all sam ples were
dried and then placed in mea sure ment con tain ers (Porêba et
al., 2020). To en sure ac cu racy, sam ples for ra dio ac tiv ity mea -
sure ment were stored at least 4 weeks to achieve ra dio ac tive
equi lib rium within the ura nium de cay se ries. The ac tiv i ties of the 
iso topes pres ent in the sam ples were de ter mined us ing IAEA

stan dards RGU-1, RGTh-1, RGK-1. To cal cu late the 238U con -
tent, the fol low ing gamma lines were taken: 295.1 keV (214Pb),
352.0 keV (214Pb), 609.3 keV (214Bi), and 1120.3 keV (214Bi). For 
the 232Th de cay chain, the fol low ing gamma lines of 583.0 keV
(208Tl), 911.2 keV (228Ac), and 2614.4 keV (208Tl) were con sid -
ered. The 40K con tent was cal cu lated us ing the 1460.8 keV
gamma line. Dose rates were cal cu lated us ing an on line dose
rate cal cu la tor (Tudyka et al., 2023), which con tains all the lat -
est con ver sion fac tors. Wa ter con tent was as sumed 15 ±5% for
all sam ples. The method of Prescott and Stephan (1982) was
used for the cos mic ray beta dose rate cal cu la tion. For OSL
mea sure ments, coarse silt-sized par ti cles of quartz (45–63 µm)
were ex tracted us ing stan dard chem i cal pro ce dures (Aitken,
1998). First the sed i ment sam ples were treated with 20% hy -
dro chlo ric acid (HCl) and 20% hy dro gen per ox ide (H2O2) to re -
move car bon ates and or ganic ma te rial. Next, the quartz grains
were sep a rated us ing den sity sep a ra tion with the ap pli ca tion of
so dium polytungstate so lu tions leav ing grains of den si ties be -
tween 2.62 g/cm3 and 2.75 g/cm3. The grains were then sieved,
be fore etch ing with con cen trated hy dro flu oric acid (HF) for 60
min utes. An au to mated RisÝ TL/OSL DA-20 reader was used
for the OSL mea sure ments of multi-grain aliquots, each weigh -
ing  ~1 mg. The stim u la tion light source was a blue (470 ±30
nm) light-emit ting di ode (LED) ar ray de liv er ing 50 mW·cm–2 to
the sam ple, and de tec tion was through 7.5 mm of a Hoya U-340 
fil ter. Equiv a lent doses were de ter mined us ing the sin -
gle-aliquot re gen er a tive-dose (SAR) pro to col (Murray and
Wintle, 2000). To de ter mine the fi nal sta tis ti cal model of equiv a -
lent dose (De) for each of the sam ples, the overdispersion pa -
ram e ter for all dis tri bu tions was cal cu lated us ing the R pack age
Lu mi nes cence� (Kreutzer et al. 2012, 2020). 

The overdispersion pa ram e ter (sOD) re fers to the spread in
De val ues re main ing af ter all mea sure ment un cer tain ties have
been taken into ac count. In other words, overdispersion in lu mi -
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Fig. 3. Geomorphological char ac ter is tics of the Nowolesie gully

A – slope map de rived from LiDAR data; B – cross-sec tions through the gully; C – flat-bot tomed lower part of the gully; D – V-shaped
up per part of the gully
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nes cence dat ing re fers to the ob served vari a tion in equiv a lent
dose (De) mea sure ments that ex ceed what would be ex pected
based on purely sta tis ti cal, mea sure ment-re lated un cer tain ties. It 
rep re sents ad di tional vari abil ity in the lu mi nes cence sig nals from
in di vid ual grains or aliquots of sed i ment. For sam ples with an
overdispersion pa ram e ter lower than 20%, the cen tral age model 
(CAM), Galbraith et al. (1999) was used. For sam ples with a
non-unimodal dose dis tri bu tion and higher overdispersion pa -
ram e ter, the min i mum age model (MAM) was em ployed (Ta -
ble 1). It may be as sumed that dur ing redeposition there was a
prob lem with re set ting the lu mi nes cence sig nal (in suf fi cient ex -
po sure to sun light; Porêba et al., 2013; Moska, 2019). 

14C AND 137Cs DATING

A sin gle layer in clud ing char coal was sam pled from the pro -
file at the depth of 2.80 m. The ra dio car bon dates were cal i -
brated us ing OxCal 4.3 (Bronk and Ramsey, 2009) us ing the
IntCal20 cal i bra tion curve (Reimer et al., 2020). The dark ma te -
rial from the 0.45 m layer has been iden ti fied as a type of slag,
which is un suit able for dat ing pur poses. The dark ma te rial from
the 0.45 m layer turned out to be un suit able for 14C dat ing pur -
poses.

In ad di tion to the sam ples for OSL dat ing, three cores were
col lected to mea sure the ac tiv ity of 137Cs. Two of these cores
were col lected sev eral metres be fore the trench and one of
them was from the im me di ate vi cin ity of the trench. In the lab o -
ra tory, the cores were di vided into 5 cm sec tions. Af ter dry ing,
they were pre pared for ac tiv ity mea sure ments by semi con duc -
tor gamma spec trom e try, sim i lar to the sam ples in tended for
dose rate de ter mi na tion in OSL dat ing. The ac tiv ity of 137Cs in
all sam ples was de ter mined by low-back ground high-res o lu tion
gamma spec trom e try anal y sis. The count ing time was usu ally
at least 80 ks, and IAEA (In ter na tional Atomic En ergy Agency)
stan dard Soil-375 was used as a ref er ence ma te rial for 137Cs
ac tiv ity de ter mi na tion. The 661.7 keV gamma line was used to
cal cu late the 137Cs con tent.

RESUTS

LITHOLOGICAL PROPRIETIES

GRAIN-SIZE ANALYSIS

The ma te rial at the bot tom of the pro file has a periglacial or i -
gin and is a mix ture of silt, sand, gravel, and clasts of bed rock
gneiss. Above this, four ho ri zons of galyic/fos sil soils were
found, sep a rated by lay ers of loess col lu vium. At depths be low
4 m, the ma te rial is mostly com posed of silt, sand, gravel, and
bed rock gneiss clasts (Fig. 4A, B). At the depth of 2 m, there is a 
sig nif i cant change in grain size, with the ma te rial be com ing
much coarser and sand ier, and mixed with grav els. How ever,
silt is still the dom i nant frac tion in the col lu vium, with oc ca sional
lay ers of sand (Fig. 4A, B). The ac cu mu lated ma te rial is no tice -
ably coarser at a depth of ~20–40 cm.

HUMUS CONTENT

All val ues of mea sured hu mus con tent (Fig. 4C) ranged
from 0.8 to 2.4%, which is no ta bly higher than those typ i cally
found in ho mo ge neous loess de pos its, in di cat ing that the ma te -
rial is likely re de pos ited, con sist ing of al tered col lu vium. The hu -
mus con tent be gins to in crease from a depth 1.20 m, shows a
de crease at 0.8 m, and then clearly in creases again be tween
0.70 and 0.40 m. An other in crease is con nected with the mod -
ern soil de vel op ment. 

HEAVY METAL CONTENT

The pro file was ana lysed to mea sure the el e ments of
anthropogenic or i gin in the sam ples, in clud ing the con tent of
heavy met als such as Cu, Pb, Zn, Cd, Fe, Cr, Mn, and Ni. The
di a grams (Fig. 5) show quite sim i lar trend for all the el e ments.
There is a first pro nounced in crease at a depth 2.60–2.80 m,
es pe cially Cr, Fe, Mn, and a de crease at 2 m. Other clear in -
creases are at 1 m (Cd, Ni, Pb, Zn, Cu) and 60–70 cm (Cd, Ni,
Pb, Zn). The Cu curve is rel a tively sta ble ex cept for a peak at a
depth of 1 m.
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Lab. code Sam ple ID Sam pling
depth [cm]

H2O
[%]

Th
(Bq/kg)

U
(Bq/kg) K (Bq/kg) Over dis -

per sion [%]
Dose rate 

[Gy/ka]
Equiv a lent 
dose [Gy]

OSL Age
[ka]

GdTL-3610 Nowolesie_1 400 15±5 45.2±1.0 44.2±1.3 669±51 19 3.53±0.16 36.7±1.8 10.5±1.0

GdTL-3611 Nowolesie_1a 400 15±5 47.5±2.2 42.7±1.3 631±48 11 3.44±0.15 29.7±0.8 8.8±0.7

GdTL-3612 Nowolesie_2 350 15±5 44.3±1.0 39.7±1.2 661±50 15 3.42±0.16 13.2±0.5 3.9±0.4

GdTL-3613 Nowolesie_3 305 15±5 55.0±1.1 41.5±1.2 640±49 34 3.57±0.16 13.5±0.6 3.4±0.4

GdTL-3614 Nowolesie_4 250 15±5 33.2±0.8 31.2±0.9 668±51 34 3.13±0.16 8.6±0.6 1.7±0.3

GdTL-3615 Nowolesie_5 190 15±5 59.6±1.2 45.9±1.3 537±41 26 3.46±0.14 11.1±0.4 3.0±0.4

GdTL-3616 Nowolesie_6 135 15±5 41.0±0.9 38.5±1.1 665±51 26 3.40±0.16 9.8±0.5 2.4±0.3

GdTL-3617 Nowolesie_7 110 15±5 34.7±0.8 33.8±1.0 666±50 41 3.23±0.16 1.36±0.07 0.40±0.05

GdTL-3618 Nowolesie_8 80 15±5 46.2±0.9 42.3±1.2 621±47 49 3.46±0.15 1.48±0.06 0.43±0.05

GdTL-3619 Nowolesie_9 58 15±5 38.0±0.9 35.9±1.1 666±51 26 3.35±0.16 11.8±0.7 2.7±0.3

GdTL-3620 Nowolesie_10 47 15±5 33.4±0.8 33.1±1.0 651±49 33 3.19±0.15 11.8±0.5 3.1±0.4

Lab o ra tory code and sam ple ID with tho rium, ura nium and po tas sium con cen tra tion with dose rate. Overdispersion with equiv a lent dose and
OSL ages ob tained us ing the MAM or CAM model (Galbraith et al., 1999)

T a  b l e  1

OSL ages for all sam ples in ves ti gated

https://doi.org/10.1017/S0033822200033865
https://doi.org/10.1111/j.1475-4754.1999.tb00988.x
https://doi.org/10.1111/j.1475-4754.1999.tb00988.x
https://doi.org/10.24425/sq.2019.126387
https://doi.org/10.1016/j.quaint.2012.05.032
https://doi.org/10.2458/azu_js_rc.55.16947


DEPOSIT CHRONOLOGY

OSL AND 14C DATES

Eleven OSL dates and one 14C date were ob tained from the
ma te rial taken from the pro file (Ta ble 1 and Fig. 6). The bot tom
OSL dates of 10.5 ±1.0 ka (GdTL-3610) and 8.8 ±0.7 ka OSL
(GdTL-3611; Fig. 4A), lo cated at the depth of 4.0 m, sug gests
the Pleis to cene gen e sis of the ero sive cut, and sta bi li za tion of
the gully bot tom in the early to mid dle Ho lo cene. The age of this
layer, ac cord ing to OSL dat ing, is pre dom i nantly from the late
Bronze Age. The first ero sion ep i sode, dated around
3.9 ±0.4 ka (GdTL-3612), likely oc curred dur ing the early pe riod 
of Bronze Age. Be low the ero sion layer, loess diluvium with a
thick ness of 0.55 m was found, ly ing di rectly on periglacial de -
pos its. The date of 3.4 ±0.4 ka (GdTL-3613) in di cates brief
slope sta bi li za tion and de vel op ment of a soil cover with a thick -

ness of 0.4 m, now at the depth of 3.10–3.50 m. In ter est ingly, at
the depth of 2.70–2.80 m, a layer of char coal was found within
loess diluvium. Char coal sam ples from this layer yielded a 14C
date of 1170 ±25 BP (GdA-5866). On the cal i bra tion curve for
this re sult few lo cal max ima oc cur but the fi nal cal i brated 14C
age, with three sigma prob a bil ity, ranges be tween 770 and 990
AD (1070 ±110 calBP). Above this sam pling point, be tween
2.70 and 1.10 m, is a mas sive loess diluvium level with older
and in verted OSL ages (GdTL-3614, GdTL-3615, GdTL-3616).
This mixed ma te rial, with out clearly vis i ble sed i men tary lay ers,
was prob a bly trapped in tem po rary sinks along other trib u tar ies
of the gully and moved in masses/pack ages later dur ing ero sive 
events (Early Mid dle Age, In dus trial Rev o lu tion, mod ern times;
Teisseyre, 1994). Such a mode of sed i ment trans port in the
gully sig nif i cantly re duces the prob a bil ity of re set ting the lu mi -
nes cence sig nal dur ing redeposition, as in di cated by the wide
dis tri bu tions of equiv a lent doses for sam ples ana lysed from this 
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Fig 4A – Ho lo cene sed i men tary pro file in the Nowolesie gully bot tom with OSL and 14C dates marked; B – grain-size anal y sis; 
C – anal y sis of hu mus con tent

Fig. 5. Heavy metal con tent in the pro file of the Nowolesie gully



area. Above this, be tween 1.10 and 0.80 m, an other loess
diluvium level was found, but the re sults ob tained are much
youn ger, around 400 ±40 years (GdTL-3617 and GdTL-3618).
Both sam ples are char ac ter ised by very wide dis tri bu tion and
high value of overdispersion pa ram e ter. Above this layer, al ter -
nat ing soils were dis cov ered. While no char coal was found for
ra dio car bon dat ing, some ar chae o log i cal artefacts from the 19th

cen tury were found. The top most half-metre of sed i ment was
likely re de pos ited in the 20th cen tury. How ever, the lu mi nes -
cence re sults sug gest that dur ing redeposition con di tions did
not al low re set ting of the lu mi nes cence sig nal, so the fi nal re -
sults are highly over es ti mated, os cil lat ing around 3 ka
(GdTL-3619 and GdTL-3620).

137CS ANALYSIS

The pat terns of the re sults of 137Cs ac tiv ity mea sured in the
sed i men tary pro files in ves ti gated show sim i lar char ac ter is tics.
In all three cases, the max i mum ac tiv ity was ob served at a
depth greater than 20 cm, which ranges from 6.32 ±0.83 to
19.45 ±0.95 Bq/kg, while the 137Cs ac tiv i ties mea sured above
are sig nif i cantly lower (Fig. 6). The re sults ob tained for all three
cores in di cate that these lo ca tions are not solely char ac ter ized
by 137Cs de po si tion from the at mo sphere, as shown by the
depth dis tri bu tion of ac tiv ity (e.g., Porêba et al., 2019). An a lyz -
ing the 137Cs ac tiv ity val ues in the pro files ex am ined sug gests
that these sites are nei ther char ac ter ized by sim ple ac cu mu la -
tion of ma te rial eroded in the val ley nor by “pure” ero sion. In the
first case, there would be a su per po si tion of ma te rial with vary -
ing ero sion-re lated specificities and cae sium ac tiv ity, while in

the sec ond, some part of the cae sium would be sim ply re moved 
from the pro file. There fore, it can be con cluded that for all the
pro files tested, the 137Cs orig i nally de pos ited from the at mo -
sphere was re moved, and then ac cu mu lated as 137Cs-con tain -
ing ma te rial eroded from the up per parts of the val ley, likely with 
a sig nif i cant con tri bu tion of ma te rial from lin ear ero sion. It ap -
pears that the ma te rial was ac cu mu lated af ter 1986, i.e. af ter
the Chernobyl nu clear in ci dent, which led to in creas ing de po si -
tion of 137Cs.

CERAMIC ANALYSIS

At a depth of around 60–70 cm in the fos sil soil, pieces of
ce ramic es ti mated to be 100 years old were found. This sug -
gests that when the gully was sta bi lized and cov ered with veg e -
ta tion, peo ple from the nearby vil lage of Nowolesie used it as a
dump ing ground for rub bish. This find ing also con firms the real
age of this fos sil soil, which is es ti mated to be be tween 100 and
150 years old.

DISCUSSION

The data pre sented re veal en vi ron men tal changes in south -
west ern Po land based on the bot tom de pos its of the Nowolesie
gully. The re sults ob tained can be com bined with the known
set tle ment his tory and other ar chae o log i cal data to re con struct
the evo lu tion of the gully stud ied. The gully un der went sev eral
phases of infill. The data sug gest that ini tial cy cle of gully fill ing
by col lu vial de pos its oc curred at the be gin ning of the late Neo -
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Fig. 6. OSL age re sults and prob a bil ity den sity func tions for all 11 sam ples de scribed in this study
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lithic and early Bronze Age. This aligns with ar chae o log i cal re -
search in di cat ing high set tle ment in ten sity dur ing this pe riod
(Lisowska, 2017).

The in crease in hu man ac tiv ity dur ing the late Neo lithic and
early Bronze Age, as in di cated by the OSL dates of Nowo -
lesie 2 (GdTL-3612) and Nowolesie 3 (GdTL-3613), was as so -
ci ated with de for es ta tion and rapid de po si tion of slope ma te rial
at the bot tom of the gully. Fol low ing the Neo lithic/Bronze Age
pe riod, veg e ta tion re-es tab lished and sta bi li za tion of geo mor -
phic pro cesses oc curred un til the Mid dle Ages. This is sup -
ported by the layer of char coal which was dated to 1070 ±110
cal BP. On top of the char coal layer, a mixed layer of col lu vial
loess de pos its was found, dated to 1.7 ±0.3 ka and 3.0 ±0.4 ka
OSL, sug gest ing in creased ero sion dur ing Me di eval time, of
sed i ment ac cu mu lated dur ing the Bronze Age. It is pos si ble
that this ma te rial was trapped in tem po rary sinks in the gully
and/or other gully branches and later trans ported in masses/
pack ages dur ing ero sive events from the early Mid dle Ages to
mod ern times. Hillslope sed i ments are typ i cally eroded, trans -
ported, and ac cu mu lated not in a sin gle event, but tem po rary
stor age on the hillslope oc curs be fore fur ther mo bi li za tion takes 
place (Fuchs and Lang, 2009). The trans port of ma te rial from
the source to tem po rary sinks and later to the gully bot tom is
sim i lar to the scheme de scribed by Lang and Hönscheidt
(1999). How ever, the de tails of this pro cess as so ci ated with hu -
man im pact need to com pared with the re cords of other gul lies
in SW Po land. An ex cep tion is the ero sive ho ri zon from
0.80–1.10 m, which likely oc curred dur ing the 14th cen tury hu -
mid pe riod, pre ced ing the on set of the Lit tle Ice Age
(Maruszczak, 1988). It has been ob served that strong soil and
gully ero sion oc curred in south ern and cen tral Ger many dur ing
the lat ter half of the 14th cen tury, a time when ero sion reached
its peak lev els (Bork et al., 1998; Lang, 2003; Dotterweich,
2008). Ac cord ing to Bork (1989), the 14th cen tury marked the
most sig nif i cant pe riod of gully ero sion in Ger many in the sec -
ond mil len nium, re sult ing from ex treme pre cip i ta tion and con -
sid er able de for es ta tion dur ing the 13th cen tury col o ni za tion un -
der Magdeburg law. In East ern Cen tral Eu rope, col o ni za tion
pre dom i nantly oc curred in the 14th cen tury. Gully ero sion in
Slovakia was also noted dur ing the 14th cen tury
(Stankoviansky, 2003). In south east ern Po land, par tic u larly
within the sub-Carpathian loess pla teau, in Roztocze
(Œnieszko, 1995; Schmitt et al., 2006), and on the loess of the
Proszowice pla teau (Porêba et al., 2019), strong slope ero sion
was sim i larly ob served dur ing this pe riod.

The ra dio car bon date of char coal, 770–990 AD
(GdA-5866), may sug gest in ten sive land clear ance (burn ing
wood) by Slavic tribes in this area dur ing the Early Mid dle Ages
(Kulczycka-Leciejewiczowa, 1993). Nowolesie vil lage was first
men tioned in 1331 AD and Witostowice in 1290 AD (Lisowska,
2017). Set tle ments in this re gion were in su lar, lo cated close to
rivers, on fer tile soils up to 300 metres from the riv er banks. The
Fun nel Beaker set tle ment type is dif fi cult to re con struct in this
area (Kulczycka-Leciejewiczowa, 1993). How ever, the first
peo ple were not in ter ested in set tling or farm ing on the Strzelin
Hills, but were only com ing to ex ploit raw ma te ri als (Kulczycka-
Leciejewiczowa, 1993). At the be gin ning of hu man set tle ment
in the area, anthropogenic changes of the nat u ral en vi ron ment,
such as de for es ta tion, slope and soil ero sion and wa ter re gime,
were not strong, and hu man in ter fer ence in the sur round ing
area was weak and quickly re gen er ated. Set tle ments along the
O³awa River were scarce, in con trast to the Glubczyce Pla teau,
which had more set tle ments, likely due to the moun tain char ac -
ter of the rivers with fre quent floods and pe ri odic flood ing
(Zygmunt et al., 2006; Zygmunt, 2009; Poreba et al., 2012). Un -
like in other loess ar eas of Po land near the Moravian Gate or

the east ern Sudetes Forefields, where the first ag ri cul tural cul -
tures ap peared from ~6.0 ka BP to 5.5 ka BP (Kulczycka- Lecie -
jewiczowa, 1993; Kruk and Milisauskas, 1999), no clear traces
of early Neo lithic ac tiv ity have been found in this area. How ever, 
the col o ni za tion of Eu rope dur ing the Neo lithic pe riod, char ac -
ter ized by set tled life style, farm ing, and an i mal hus bandry, was
a grad ual pro cess that started in the south and pro gres sively
spread north wards, co in cid ing with global warm ing (Kruk et al.,
1996, Kruk and Milisauskas, 1999). Peo ple mi grated from the
south through the Moravian Gate and other pas sages within the 
Sudetes and the Carpathians, in search of fer tile soils and new
ar eas for cul ti va tion. De for es ta tion and land use re sulted in in -
creased soil ero sion (Œnieszko, 1985). Anthropogenic changes
have been ob served mainly on loess pla teaus of south ern Po -
land (Kruk et al., 1996). Deluvial de pos its, mostly formed as al -
lu vial fans, can be found in sys tems of small dry val leys as a re -
sult of anthropogenic ac tiv ity from the Neo lithic pe riod (Zygmunt 
et al., 2006; Zygmunt, 2009, Superson et al., 2014). In the re -
sult ing forms and set tle ments, one can of ten find a re cord of
changes in the use of land by hu mans. Sed i men tary struc tures
and soil lev els con tain a re cord of tem po ral and spa tial trans for -
ma tions of re lief (Dotterweich et al., 2012). How ever, rec og niz -
ing the im pacts of Neo lithic land clear ance and ag ri cul ture is
com pli cated by vari a tions in cli mate, but gen eral pat terns con -
cern ing in ter ac tions be tween the im pacts of land clear ance and
cli mate change are be gin ning to emerge. For ex am ple, slope
de pos its tend to re cord lo cal hu man land-use changes,
whereas the al lu vial stra tig ra phy of larger rivers tends to ini tially
re cord cli ma tic events (Houben et al., 2006; Dotterweich, 2008).

The spread of Neo lithic farm ing was closely as so ci ated with
lo cal clear ing around set tle ment sites, where there was a no ta -
ble shift in the dom i nant pol len to weeds and grain (Godlowska
et al., 1987; Brown, 1997). The geomorphic re sponses to these
clear ings ini tially led to lo cal ized ero sion and sed i men ta tion.
Sig nif i cant flu vial overbank de po si tion be gan at a later stage.
Lang (2003) de scribes a gen eral model in which de liv er ies of
anthropogenic sed i ment to larger floodplains in cen tral Eu rope
did not com mence un til the Iron Age and Ro man oc cu pa tion.
How ever, based on a sta tis ti cal anal y sis of 14C dates through -
out Ger many, Hoffmann et al. (2008) con clude that floodplain
sed i men ta tion in cen tral Eu rope started some what ear lier,
around 2.5 ka BP dur ing the Bronze Age. This pe riod co in cides
with pop u la tion growth, ex ten sive land-use changes, slope ero -
sion, and ep i sodes of cli mate change. The in ten sity of ag ri cul -
tural ac tiv ity and its mor pho log i cal im pacts on the loess re gions
of Eu rope were par tic u larly strong dur ing the Bronze Age. The
de gree of these changes var ied, be ing less pro nounced dur ing
the Neo lithic, Bronze, Iron, and Lit tle Ice Ages, and more sig nif i -
cant dur ing the Mid dle Ages and In dus trial Era. This vari abil ity
was also ob served in the re gion in ves ti gated (Superson et al.,
2016).

Dur ing the 3rd pe riod of the Bronze Age (3.3 ka BP) to the
be gin ning of the Iron Age (2.4 ka BP), the Lower Silesia re gion
was in hab ited by peo ple of the Lusatian cul ture. The cul tural ad -
vances dur ing this time are re flected in the many forts erected in 
the area, in clud ing the strong hold in Witostowice, which was
first es tab lished dur ing the Lusatian cul ture and later in the Mid -
dle Ages (Lisowska, 2017). The sec ond ob ject as so ci ated with
the Lusatian cul ture in the lit er a ture of the 20th was the pu ta tive
de fen sive foun da tion at the top of Mount Gromnik (Kaletyn,
1964; Kaletynowie and Lodowski 1968).

The in ter pre ta tion of the re sults ob tained is com plex. At the
bot tom of the pro file shown in Fig ure 4, the OSL dates may be
as so ci ated with the pe riod of val ley for ma tion.

Above this, there are gully de pos its, likely syn chro nous with
the ero sion ini ti ated in the Neo lithic. The col lu vial (slope) de pos -
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its are well-dated, span ning mod ern, me di eval and Neo lithic
times. The prob lem oc curs with the gully de pos its (proluvium),
where the date is the re sult of the source ma te rial’s age and in -
ef fec tive bleach ing of pre vi ous lu mi nes cence sig nal dur ing sed -
i men tary trans port. In cases such as the gully ero sion at
Szyczyce, Biedrzykowice and Bronocice (Porêba et al., 2013,
2018, 2019), trans port did not fa cil i tate sig nif i cant bleach ing,
pre serv ing the source ma te rial’s age. Con se quently, this de -
posit above mostly re flects Neo lithic soil ero sion sed i ment, re -
de pos ited here around the Mid dle Ages dur ing the pe riod of in -
creased hu man ag ri cul tural ac tiv ity in this area. The dates are
“Neo lithic” be cause the OSL sig nal was not re set dur ing
redeposition. Ex am in ing the dates and their dis tri bu tions
(Fig. 4), the orig i nal date of sed i ment has es sen tially been pre -
served. The vari a tion in dates and their some what in con sis -
tency vis-´-vis depth re sult from dif fer ent de liv er ies of pri mary
de posit trapped tem po rarily in sinks in up per parts of the gully
(Lang and Hönscheidt, 1999). There fore, the ap par ent in con -
sis tency be tween the OSL and 14C dates is mis lead ing. The pri -
mary con cern is that the 14C date is over 1100 years BP, while a
some what youn ger 14C date from the 13–14th cen tury was an tic -
i pated. At ~1.5 m depth, the grain size sug gests po ten tially
higher flow dy nam ics, with an in crease in coarser grains. Above 
this, there is a de posit dat ing back sev eral hun dred years, likely
ac cu mu lated dur ing the Mid dle Ages. The dates and their dis tri -
bu tions in Fig ure 6 in di cate a pos si ble last con tact with light, yet
the sed i ment was also re de pos ited. The grain size is slightly
finer, sug gest ing that the run off may have been gen tler than be -
fore, al low ing the sed i ment to bleach at least par tially dur ing
redeposition. In this layer (1.5–0 m depth), the con tent of heavy
met als (Fig. 5), such as Pb, is in creased. The darker layer be -
tween ap pears to rep re sent some slight sta bi li za tion and some -
thing like a hu mus level. Above the youn gest dates, there are
two OSL dates that have es sen tially re tained their orig i nal age,
where the grain size has vis i bly in creased (Fig. 4). On the other
hand, the layer where these two sam ples were col lected, from
~0.5 m depth, was added not ear lier than ~60 years ago. Upon
care ful in spec tion, these sam ples showed a slight trace of cae -
sium (Fig. 7). How ever, there are no sam ples with youn ger
ages in the data dis tri bu tion. This means that the sed i ments had 
to be in con tact with 137Cs-bear ing lay ers; the cae sium reached
them by mi gra tion and was then re de pos ited, with out the pos si -
bil ity of whit en ing the OSL sig nal, within an in ten sive, dy namic
pro cess and in con di tions of lim ited ex po sure to sun light. A
large sup ply of 137Cs took place around 1963 (test nu clear ex -
plo sions), which then suc ces sively de creased, with a fur ther
large sup ply (Chernobyl di sas ter). The lat ter de liv ery was highly 

spa tially vari able. The up per part of the soil prob a bly built up af -
ter Chernobyl, but we could not find a re cord of the pri mary de -
po si tion of 137Cs from the at mo sphere in the pro files stud ied.
Thus, it can be con cluded that the up per part was eroded and
re built. The in ten si fi ca tion of ag ri cul ture is not a uni form pro -
cess but rather an event-re lated pro cess com bined with in ten -
sive rain fall. In the case of this area, it is pos si ble that the event
was in 1997 (Malik et al., 2021). Based on the 137Cs re sults from 
the pro files, the cae sium peak in di cates that ~40 cm of sed i -
ment has ac cu mu lated af ter 1986.

CONCLUSIONS

Our study has in ves ti gated the re la tion ship be tween ag ri -
cul tural ac tiv ity and geomorphic pro cesses in loess ar eas of
south west ern Po land.

OSL dat ing of the de pos its fill ing gul lies dur ing or af ter their
for ma tion of fered an op por tu nity to es tab lish their chro nol ogy.
The sam ples dated by OSL were par tially un bleached, a phe -
nom e non re sult ing from the na ture of sed i ment trans port. Nev er -
the less, the OSL method al lowed the de vel op ment of a chro nol -
ogy, al beit a com plex one. Ad di tion ally, for the up per, con tem po -
rary sed i men tary layer, the 137Cs method was ap plied, pro vid ing
ad di tional in for ma tion. Pri mar ily, the 137Cs method en abled us to
as cer tain that we are deal ing with a con tem po rar ily re de pos ited
sed i ment, and also pro vided in for ma tion about the dy nam ics of
the ero sion and ac cu mu la tion pro cesses. Uti liz ing a com bi na tion
of multiproxy meth ods, in clud ing geomor pho logical, lithological,
and geo chron ol ogi cal anal y ses, we showed that the age of the
bot tom de pos its sug gests a Pleis to cene or i gin of the dry val ley.
The ini tial phase of gully fill ing was then linked to hu man ac tiv i ties 
dur ing the late Neo lithic/Bronze Age, char ac ter ized by de for es ta -
tion, slope wash, and land cul ti va tion. Af ter this pe riod, hu man
ac tiv ity less ened, lead ing to slope sta bi li za tion and veg e ta tion re -
cov ery. The next cy cle of ero sion and de po si tion be gan in the
Mid dle Ages and has con tin ued with vary ing in ten sity un til the
pres ent. Sed i ments from the Neo lithic and Bronze Age pe ri ods,
ini tially trapped in the up per parts of the gully branches, were
even tu ally trans ported to the lower parts of gully, con trib ut ing to
its infill in sev eral ep i sodes.

The up per most part of the sed i ment pro file, ~0.7 m thick,
cor re lates with ero sion and ac cu mu la tion over the past 200
years, as shown by the pres ence of 19th cen tury ce ram ics and
137Cs lev els. Over all, our study high lights the com plex ity of in -
ter pret ing en vi ron men tal changes in dy namic land scapes,
where many ex ter nal fac tors can be dif fi cult to iso late. The re -
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Fig. 7. Ac tiv ity of 137Cs in the up per part of the Nowolesie gully pro files (Nowolesie 1 and 1a) and close to the ex po sure
(Nowolesie 2)
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sults of lu mi nes cence dat ing, al though partly in com pletely
bleached due to the na ture of sed i men tary ac cu mu la tion in the
gully, al lowed for the cre ation of a chro nol ogy of the suc ces sion
fill ing the gully bot tom.

The find ings in di cate that changes of geomorphic pro -
cesses in the study area are strongly re lated to hu man ac tiv ity,
pre dom i nantly ag ri cul ture. The se quences of col lu vial
loess-palaeosoil dis cov ered at the bot tom of the gully show -
case phases of in tense hu man ac tiv ity, marked by both ac cu -
mu la tion and ero sion, as well as pe ri ods of stag na tion lead ing
to soil for ma tion.

The re sults ob tained al lowed us to re con struct en vi ron men -
tal changes over the Ho lo cene, in clud ing var i ous pe ri ods of ero -
sion and ac cu mu la tion at the gully bot tom and the trans port of

sed i ment from slopes to the val ley bot tom. Our find ings also
sug gest that there were phases of in ten sive hu man ac tiv ity, as
shown by the pres ence of col lu vial loess-palaeosoil se quences.
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