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We show how geo log i cal and geo phys i cal stud ies con ducted in the Jas³o Foot hills, near Dukla, help con strain the gen e sis of
two mounds, un der stood as heaped piles of earth, cir cu lar in  plan view, lo cated in £êki Dukielskie (site 27 “Pod Kopcem”)
and Dukla (site 7). Eleven hand au ger holes yielded sed i ment sam ples for grain size anal y sis by la ser (with a Fritsch ap pa ra -
tus). Hand au ger holes were also made at sites in Wietrzno-Soœnina (site 29), and in £êki Dukielskie (site 5). Three of the
mounds (£êki Dukielskie sites 5 and 27 “Pod Kopcem”, Wietrzno-Soœnina site 29) are re vealed to be of nat u ral or i gin, i.e.
they are rock “lumps” cov ered with a thin layer of weath ered silty-clay de pos its. The fourth of the mounds (Dukla site 7) was
found to have an anthropogenic or i gin; given its di men sions, it can be con sid ered a late Neo lithic Corded Ware kur gan. The
geo log i cal anal y ses were com ple mented by GPR mea sure ments, which sup ported the ob ser va tions based on augering re -
sults.
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INTRODUCTION

In the last few de cades, sev eral dis cov er ies of kur gans, un -
der stood as burial mounds (anthropogenic em bank ments)
erected on a cir cu lar plan, have been made in the Carpathian
Foot hills (Machnik, 1966). Ex ca va tions of some of these
mounds have shown that they were erected over a long pe riod
of time, from the Neo lithic to the Mid dle Ages (Gancarski and
Machnikowie, 1986, 1990; Machnik and Sosnowska, 1996;
Zoll-Adamikowa and Ni¿nik, 1963). Among the  ex am ples re -
searched, which were sup posed to rep re sent earth mounds,
some were found to be of nat u ral or i gin, and so not re lated to in -
ten tional hu man ac tiv ity (e.g., Janowski, 1963; Sza³apata,
1963, 1964; Budziszewski et al., 2020). Thus, the iden ti fi ca tion
of anthropogenic and pre his toric mounds and their sep a ra tion
from nat u ral top o graphic fea tures can be dif fi cult.

In 2020, dur ing sur face ar chae o log i cal stud ies in the Jas³o
Foot hills, the gen e sis and geo log i cal struc ture of such mounds
was in ves ti gated.

One such form can be found in £êki Dukielskie, site 27
(“Pod Kopcem”), a sec ond ob ject is lo cated in
Wietrzno-Soœnina, site 29, and oth ers are lo cated in the for -
ested area of the £azy ham let in £êki Dukielskie, site 5, and in
Dukla, site 7 (all sites are lo cated in the Krosno dis trict of the
Podkarpackie voivodship). This pa per is fo cused on two of
these sites, £êki Dukielskie (site 27, “Pod Kopcem”) and Dukla
(site 7).

METHODS

Six hand au ger holes (di am e ter 5.5 cm) were drilled to iden -
tify the struc ture and gen e sis of the mounds. Four au ger holes
along a cross-sec tional line were made in the vil lage of £êki
Dukielskie (site 27) within one mound. Two au ger holes were
made into the mound de scribed as Dukla (£azy, site 7), whose
anthropogenic or i gins raised no doubts.

Dur ing the field work, mac ro scopic de scrip tion of the sed i -
ments was made that in cluded such lithological fea tures as
grain size, col our, or ganic mat ter con tent, con sis tency, plas tic -
ity and the pres ence of ag gre gates of marlstone pieces, car -
bon ate con cre tions, char coal and min eral clasts such as mica.
At site 27, £êki Dukielskie (“Pod Kopcem”), 26 sam ples were
col lected from fourauger holes. Fif teen sam ples were col lected
from au ger hole no. 1 from the kur gan em bank ment at the
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Dukla (£azy) site no. 7, nine of which were sub jected to grain
size anal y sis, per formed us ing a la ser method (with a Fritsch
ap pa ra tus) for sed i ment sam ples which, af ter dry ing and grind -
ing, were <1 mm in di am e ter. Sam ples con tain ing a frac tion
>1 mm were sub jected to sieve anal y sis. The par ti cle size dis tri -
bu tions are shown in Ta ble 1 and the top o graphic plans and
echograms in Fig ures 3–8.

The geo log i cal anal y ses were com ple mented with Ground
Pen e trat ing Ra dar (GPR) mea sure ments per formed along the
au ger hole sec tion lines. GPR data were ac quired us ing a De -
tec tor Duo GPR sys tem, equipped with two 250 MHz and 700
MHz shielded an ten nae (see e.g., Rajchel, 2017, and
Pasterkiewicz and Rajchel, 2017, for fur ther de tails). This was
to de ter mine whether it is pos si ble to iden tify the in di vid ual lay -
ers of par tic u lar geo log i cal for ma tions and to ob tain a more re -
gion ally based cross-sec tion of the study area.

THE RESEARCH AREA – BRIEF OVERVIEW 
OF GEOLOGY AND GEOMORPHOLOGY

The re search area with earth mounds is lo cated in the Outer 
Flysch Carpathians, on the bor der of the Jas³o-Sanok De pres -
sion and the Low Beskid Moun tains (Starkel, 1972a; Figs. 1 and 
2). Ac cord ing to the geomorphological di vi sion of Po land
(Gilewska, 1986), this area be longs to the foot hills of the Low
Beskid Moun tains, which in cludes the Jas³o–Sanok De pres -
sion. The re search sites are lo cated in the south ern part of the
Jas³o Foot hills, north of the town of Dukla. Hy dro graphi cally,
they be long to the Wis³oka River Ba sin (the subcatchment of
the right-bank Iwielka River stream, the £êcki Potok and the
Jasio³ka River). The Jas³o Foot hills, which form the south ern
part of Jas³o–Sanok De pres sion, are di vided into three smaller
units: the Faliszówka Pla teau and Pachanowa Up land Ridge,
bor der ing the Low Beskids Moun tains to the south, sep a rated
by the ¯migród Trough run ning lat i tu di nally, which be longs to
the Jas³o Ba sin (Starkel, 1972b). To the east, the re search area 
is lim ited by the Jasio³ka Val ley. On the Gen eral Geomorpho -

logical Map of Po land (Starkel, ed., 1980), the area in the south -
ern part of the Jas³o Foot hills is char ac ter ized by even ridges
and hum mocks with pre served el e ments of an older to pog ra -
phy: the foot hill level. The high est peaks on the ridge, ex tend ing 
south of £êki Dukielskie, reach a height of 534 m a.s.l. (Franków 
Moun tain), while in £êki Dukielskie and in the Wietrzno area, the 
heights of the peaks drop to 400–433 m a.s.l. The bot tom of the
£êcki Potok Val ley is at an al ti tude of 320–340 m a.s.l., and the
bot tom of the Jasio³ka Val ley is 310 m a.s.l.

In the bed rock of the Qua ter nary for ma tions in the re search
area, rock units be long ing to the Dukla and Silesian nappes of
Cre ta ceous–Paleogene age are found (Jankowski and
Kopciowski, 2006; Fig. 2). These rocks are rep re sented pre -
dom i nantly by less re sis tant shales and thin-bed ded sand -
stones, as well as thin- and me dium-bed ded sand stones and
shales of the lower Krosno lay ers (Jankowski and Kopciowski,
2014). The hills are formed by thick-bed ded sand stones and
shales of the lower Krosno beds, as well as shales, sand stones, 
cherts and marls as cribed to the menilite lay ers, which are more 
re sis tant to weath er ing and ero sion. Sand stones are usu ally
grey in col our, they weather eas ily, are cal car e ous and con tain,
in ad di tion to quartz, com mon mica flakes.

Morphotectonically, the re search area is lo cated in a lon gi -
tu di nal tec tonic de pres sion, i.e. the Cen tral Carpathian De pres -
sion (Œwidziñski, 1953). Sev eral folds de vel oped in the form of
over lap ping tec tonic slices, such as the Osobnica-Bóbrka-Rogi
fold with a NW–SE trend, may be found in this re gion. The
south ern limb of the fold dips to the SW and its north ern limb is
faulted. To the north of the Dukla and Magura nappes, the
Nowy ¯migród–Iwonicz–Rudawka Rymanowska tec tonic slice
can be seen in the re search area.

Qua ter nary de pos its over lie the flysch, in units of vary ing
thick ness which are di verse in terms of ge net ics, li thol ogy and
age. The larg est study area within the hum mocks and slopes of
the val leys is oc cu pied by weath ered loams (£êki Dukielskie
area) and loam with slope rub ble (solifluction-prolluvial) as well
as loess and loam de pos its of ae olian or i gin (Wietrzno area)
(Wójcik, 2003). On the slopes of the val leys, there are places
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Fig. 1. Geomorphological re gions in the area of Dukla and Nowy ¯migród (based on Starkel, 1972b and Gilewska, 1986)
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Fig. 2. Geo log i cal map of the sub strate to the Qua ter nary de pos its (af ter R¹czkowski et al., 1992)

Sam ple Depth
[cm]

Grain size

[mm]
Folk Warda Method

[phi]

2.00–8.00 0.125–2.00 0.002–0.125 poni¿ej 0.002 MEAN SORTING SKEWNESS KURTOSIS

D 1 18–22 0 11.02 73.79 15.2  6.500 2.523 –0.214 0.942

D 2 45–50 0 8.6 75.59 15.8  6.819 2.335 –0.220 1.073

D 3 86–90 2.13   3.99 77.5  16.39 7.178 2.105 –0.198 1.218

D 4 108–112 0   3.74 75.28 20.99 7.606 1.771 –0.094 1.042

D 5 140–144 0   4.92 79.96 15.12 7.030 2.016 –0.112 1.037

D 6 159–163 0   5.01 78.89 16.1  6.990 2.100 –0.127 1.030

D 7 163–167 0   7.56 79.07 13.37 6.595 2.236 –0.088 1.012

D 8 170–173 0   4.88 80.66 14.44 6.785 2.120 –0.075 0.989

D 9 180–183 0 12.99 75.15 11.86 6.065 2.491 –0.088 0.858

T a  b l e  1

 Re sults of grain size anal y sis, Dukla (£azy), site 7



with land slide colluvia marked on the geomorphological map of
the SMGP (Jankowski and Kopciowski, 2006). The bot toms of
the val leys are built of loams, clays with an ad mix ture of sands
(muds) as well as sands and grav els of flu vial ter races and
floodplains.

GEOMORPHOLOGICAL CHARACTERISTICS 
OF THE RESEARCH SITES AND GEOPHYSICAL,

AND GEOLOGICAL RESULTS

£ÊKI DUKIELSKIE, SITE 27 (“POD KOPCEM”)

The mound se lected for the re search is lo cated at an al ti -
tude of 387.9 m a.s.l., on the ridge flat within the lower part of a
slope fac ing north-east (Figs. 3 and 4). The ridge flat with a
slope of 5–6° is one of the arms of the el e va tion cul mi nat ing at
an al ti tude of 419.4 m a.s.l. The mound is ap prox i mately oval in
shape, ~40 m in di am e ter and 3 m in rel a tive height. It de scends 

to the south-west with a gently de scend ing (of a few de grees)
slope, and is lim ited by a steep slope to the north. In the geo log i -
cal pro file, at a dis tance of 20 m from au ger hole no. 1 and ~2 m
be low the top of the mound, there is a clear slope foot, cut by a
V-shaped val ley. The 4 au ger holes drilled along the cross-sec -
tional line (Fig. 5) il lus trate the mor phol ogy and in ter nal struc -
ture of the mound and the un der-slope flat ten ing, and con sti tute 
the ba sis for de ter min ing the gen e sis of both forms. Au ger hole
no. 1, lo cated at the top of the mound, re vealed the pres ence of
sandy silt with frag ments of sand stone, be long ing to the weath -
ered sand stone sub strate of the lower Krosno beds be neath the 
soil at a depth of 21–75 cm. Bore hole no. 2, lo cated on the slope 
of the mound, showed that the mound is made of a thin layer of
silt with sand stone de bris, 51 cm thick, sim i larly to au ger hole
no. 1.

In au ger hole no. 3 lo cated at the foot of the mound, the
thick ness of the loam de pos its pen e trated is 160 cm. Be neath
the soil, at a depth of 24–90 cm, there is grey-yel low clayey silt,
and ash-yel low sandy loam with mica from 90 to 118 cm. In the
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Fig. 3. Lo ca tion of earth mounds in cluded dur ing ar chae o log i cal re search

1 – £êki Dukielskie, site 27, “Pod Kopcem”; 2 – Wietrzno (Soœnina), site 29; 3 – £êki Dukielskie (£azy), site 5; 4 – Dukla (£azy) site 7; red 
dots mark the sites de scribed in de tail in the text
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Fig. 4. A top o graphic plan of the earth mound show ing lo ca tion of au ger holes and GPR pro file, 
£êki Dukielskie, site 27 (“Pod Kopcem”), Krosno dis trict



bot tom of the pro file from 118–136 cm, there is clayey silt with
an ad mix ture of sand and sandy clay from 136–160 cm.

In au ger hole no. 4, the suc ces sion pen e trated is 230 cm
thick. In the top of the se quence be low the soil at a depth of
17–127 cm, there is slightly clayey ash-grey loam, which
changes its col our at a depth of 45 cm to ash-yel low and tran si -
tions into silty clay (127–164 cm). Yel low-ash clayey loam
transitioning into silty clay with frag ments of weath ered slate
(tran si tion layer at a depth of 200–206 cm) and a flysch sub -
strate made of grey-black slate at a depth of 206–230 cm pre -
vail in the bot tom of the se quence, at a depth of 164–200 cm.
The au ger holes showed that the layer of loams (clay) de pos its,
which builds the mound near the wind power plant, orig i nated
by weath er ing. At the cul mi na tion of the mound, be neath the
weath ered loams with sand stone frag ments with a thick ness of
0.5–0.7 m, there is bed rock (flysch sand stone).By con trast, on
the un der-slope flat ten ing be low the mound, the thick ness of
loam de pos its in creases to 1.6 m, which is likely the re sult of
over lap ping of slope (prolluvial) or ae olian sed i ments onto the
weath ered rocks. The near est ex po sure of loam with rock rub -
ble on the slope of the east ern ex po sure was de scribed in the
vil lage of Wietrzno at Jasio³ka River (Wójcik, 2003). How ever,
the small thick ness of the lay ers at the foot of the mound and
the sim i lar ity in grain size of the sed i ments with the rocks form -
ing the bed rock (e.g. slates in au ger hole no. 4 and the loam lay -
ers de vel oped on them) sug gest that the sed i ments de scribed
are weath er ing prod ucts. The map of Qua ter nary for ma tions in
the Jas³o Foot hills in the area of Wietrzno, Rogi and Równe is

dom i nated by weath ered loams and loams of “var i ous gen e sis”
(Wójcik, 2003). How ever, in the ex pla na tions of the Nowy
¯migród 1:50,000 sheet of the De tailed Geo log i cal Map of Po -
land, sandy loams and silts, less of ten clay sed i ments of weath -
ered, slope and ae olian or i gin fall within one com mon sub di vi -
sion: loess-like loams and silts and weath ered silts, col lu vial
and ae olian silts (Jankowski and Kopciowski, 2014). These
1–2 m thick lay ers com posed of weath ered loams and re lated
sed i ments are not dis tin guished by ge ol o gists on 1:50,000 geo -
log i cal maps, where out crops of flysch rocks are shown.

GPR data were ac quired along the NW–SE sec tion line de -
fined by the four au ger holes. A num ber of mi nor anom a lies
were found in the re corded echogram (Fig. 6). Most of these re -
flect the geo log i cal units en coun tered dur ing the re search.
Around au ger hole no. 4, at a depth of 0.50 / 0.70 - 1.70 m, there 
is an anom aly that may orig i nate from the loam layer. Ad di tion -
ally, along the sec tion line from 0.0 m to ~44.0 m, at a depth of
~1.70 m to 2.30 m, a hor i zon tal anom aly orig i nat ing from the
rocky geo log i cal sub strate (slate) is ev i dent. The flysch sand -
stones found in bore hole no. 4 are in ferred to be pres ent at this
depth. They can be seen in an ex po sure lo cated in the im me di -
ate vi cin ity of the mound.

DUKLA (£AZY), SITE 7

The kur gan in Dukla (£azy), marked as site 7, is lo cated in
the for est on a broad ridge flat, which gently slopes to wards the
south-east (Ginalski and Muzyczuk, 1993; Figs. 3 and 7). The
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Fig. 5. Geo log i cal cross-sec tion of the mound at site no. 27 in £êki Dukielskie
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broad ridge is lim ited by the steep slope of a V-shaped val ley
(Jasio³ka trib u tary) to the south-west, and by a gently fall ing
slope of the Jasio³ka val ley to the east.

The kur gan is lo cated 365.9  m a.s.l., i.e. 55–56 m above
the Jasio³ka River. Based on geo detic mea sure ments, the rel a -
tive height of the fea ture was es ti mated at 1.2 m, with a di am e -
ter of ~20 m (Fig. 6). Au ger hole no. 1, drilled be low the cul mi na -
tion from the NW side of the top of the kur gan, doc u mented
lithologically di verse sed i ments and the pres ence of sev eral
lay ers of both nat u ral and anthropogenic gen e sis (Fig. 8).

Be low the soil, at a depth of 30–75 cm, there is grey-yel low
silty loam transitioning  into more dense light-brown clayey silt to
a depth of 105 cm. At a depth of 105–136 cm, there is a clay, a
gleyed level with ver ti cally de vel oped grey struc tures, prob a bly
root rem nants. Be low it there is grey clayey silt with dark black
ag gre gates of hu mus and grey clay ma te rial (136–150 cm), over -
ly ing a layer of silty loam with white frag ments of marl?
(150–163 cm), and char coal clus ters at a depth of 163–167 cm.
The bot tom of the pro file at a depth of 167–183 cm is made of
grey silty, rel a tively loose clay with white cal cium car bon ate (or
marl?) frag ments and many flakes of mica.

Nine sam ples were col lected from  au ger hole no. 1 for grain 
size anal y sis. The re sults of the anal y ses en abled de tailed de -
scrip tion of the lay ers iden ti fied and de ter mined which of them

are of nat u ral or i gin and which are the re sult of hu man ac tiv ity.
De pos its up to a depth of 136 cm show grad ual fin ing to wards
the bot tom, which is marked by an in crease in grain size (Mz
from 6.5 to 7.6 phi; Ta ble 1). Such a grain size dis tri bu tion may
in di cate the prev a lence of eluviation and illuviation pro cesses in 
the soil pro file. This is con sis tent with the in crease in the col loi -
dal clay frac tion (<0.002 mm) in the lower part of the layer ana -
lysed (Ta ble 1). The sed i ments at a depth of 136–173 cm are
char ac ter ized by a wide range in grain size and Mz =
6.6–7.03 phi. How ever, the de pos its at a depth of 173–183 cm
con tain the larg est sand con tent (0.125–2.0 mm), amount ing to
13%, in di cat ing the pres ence of sand stone de tri tus at the bot -
tom of the burial mound. Based on the mac ro scopic de scrip tion
of the sed i ments and the re sults of grain size an a lyzes, three
units in the mound’s pro file can be dis tin guished (Fig. 8).

The first up per unit in volves the nat u ral pro file of the Ho lo -
cene soil, in which sev eral ge netic lev els al tered by soil-form ing
pro cesses can be dis tin guished (in clud ing a level of hu mus ac -
cu mu la tion with mod ern plant roots, a level of wash ing and a
clay-loam level of gleying). This soil was formed within the kur -
gan em bank ment and de vel oped from the mo ment it was
erected and cov ered with veg e ta tion. The sec ond (mid dle) unit
con sists of clayey loam and silty grey de pos its with an ad mix -
ture of hu mus, car bon ate frag ments (marl?), and dark lay ers
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Fig. 7. Top o graphic plan of the earth mound show ing lo ca tions of au ger holes and GPR pro file, Dukla (£azy), site 7, 
Krosno dis trict



with char coal. These are anthropogenic lay ers,
which prob a bly de vel oped as a re sult of col lect -
ing plants and soil burnt out af ter fire by peo ple
who later used this ma te rial to build the kur gan.
The third, bot tom unit is grey/ash silty loam with
many mica flakes. This is weath ered loam con -
sti tut ing a nat u ral sub strate on which the kur gan
was built. The struc ture of the soil pro file is sim i -
lar to the pro files of kur gans erected by the Neo -
lithic peo ple of the Corded Ware cul ture in
Bierówka on Garb Warzycki (Gancarski and
Machnikowie, 1986; 1990; Komornicki et al.,
1990). Em bank ment lay ers from sim i lar times
are shaped in a sim i lar way, e.g. in the Ondavská 
Up land, on the Slo vak side of the Carpathians
(Gerlach, 2008; Machnik et al., 2008).

GPR con firmed the het er o ge ne ity of the in -
ter nal struc ture of the mound re corded in the
bore hole pro files (Fig. 9). Be neath a layer of
humic soil, clus ters of anom a lies are vis i ble, the
depth and ex tent of which can be fairly well
traced. They are as so ci ated with ac cu mu la tion
on the pri mary sur face of the ar ti fi cial em bank -
ment at a depth of up to 1.5 m. A con tin u ous un -
dis turbed layer runs at a depth of 1.5–2 m,
clearly dis tin guish able from the top zone (em -
bank ment). This can be as sumed to rep re sent a
layer of bed rock (sand stone). Fur ther more, there 
is a vis i ble con trast at the bound ary be tween
anthropogenic lay ers and in tact zones.

CONCLUSIONS

The au ger holes re vealed that at site no. 27
in £êki Dukielskie and in Wietrzno-Soœnina (site
29), con vex land forms lo cated on the ridge flats
are of nat u ral rather than anthropogenic or i gin.
These are “bumps” of the Krosno sand stone
cov ered in a thin layer of weath ered clay. The
mound at site no. 5 in £êki Dukielskie (£azy)
should be in ter preted sim i larly. The au ger hole
made into the mound in Dukla (£azy), site 7 pen -
e trated sev eral lay ers of loam (clay) sed i ments
be neath the soil con tain ing, hu mus ag gre gates
and char coal, which con firm their anthropogenic
gen e sis. These ob ser va tions were sup ported by
GPR pro files. It is shown that these top o graphic
are geo log i cally var ied. The anal y ses also
showed the struc ture of the deeper geo log i cal
lay ers and pre cisely de fined the level of the rock
layer. How ever, it is im pos si ble to de fine in ter nal
struc tures and bound aries be tween geo log i cal
lay ers based on GPR data alone. The geo log i cal
and GPR re sults from these ar chae o log i cal sites
have shown the util ity of both meth ods for con -
strain ing the gen e sis of earth mounds lo cated in
this re gion.
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part ment of Geo mor phol ogy of the Jagiellonian
Uni ver sity in Kraków for grain size anal y sis of
sam ples, and D. Rysz for pre par ing top o graphic
plans of the earth mounds.

Piotr Gêbica et al. / Geo log i cal Quar terly, 2021, 65: 61 9

2 
d

n
a 

1 
s

el
o

h r
e

 g
u

a 
n

o 
d

e
s

a
b 

7 
eti

s ,)
y

z
a

£( 
al

k
u

D 
ni 

d
n

u
o

m l
air

u
b 

e
ht f

o 
sr

 e
y

al 
e

ht f
o 

s
eli f

or
P .

8 .
gi

F



10 Piotr Gêbica et al. / Geo log i cal Quar terly, 2021, 65: 61

Fig. 9. Echogram from the AD pro file show ing lo ca tions of au ger holes (A) and in ter pre ta tion (B), Dukla, site 7 (£azy), 
Krosno dis trict
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