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Diamicton in Biesiekierz (cen tral Po land), whose age and or i gin has long pro voked de bate, is lo cated above un ques tion able
Eemian biogenic de pos its doc u mented by palynological and Cladocera anal y ses. Petro graphi cally, this diamicton shows
some sim i lar i ties to Warthanian till. Lithologically, it shows con sid er able weath er ing of the de posit, a pos si ble se lec tion of the 
com po nent min er als and ad di tion of dis persed biogenic mat ter. The re sults ob tained so far as well as the palaeomor -
phological sit u a tion in di cate that the diamicton is re worked till ma te rial, as are sand in ter ca la tions within it. Given the or ganic
con tent of this diamicton, we in fer that a long-term ag ri cul tural ex ploi ta tion of its im me di ate sur round ings was the main fac tor
be hind col lu vial re work ing and dis place ment oc cur ring above the Eemian biogenic de pos its in the fos sil de pres sion.
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INTRODUCTION

The Besiekierz site near £ódŸ (cen tral Po land) is well-
 known in the lit er a ture on Qua ter nary ge ol ogy due to the pres -
ence of till de pos its above the Eemian or ganic infill of the fos sil 
de pres sion (e.g., Klatkowa, 1972, 1993a; Janczyk- Kopikowa,
1991; Klatkowa et al., 1994; Miros³aw-Grabowska and Niska,
2005). How ever, the site is lo cated 50 km south of the gen er -
ally ac cepted max i mum ex tent of the Vistulian (Weichselian)
glaciations – LGM (Fig. 1). Anal y ses of the or ganic de pos its,
in clud ing palynological stud ies by Sobolewska (in Klatkowa,
1972) and Janczyk-Kopikowa (1991), and Clado cera anal y sis
by Miros³aw-Grabowska and Niska (2005) have cor rob o rated
its Eemian age. Un cer tainty, though, has sur rounded the or i -
gin and age of the diamicton, which cov ers the Eemian de pos -
its as a layer 1 to 2.5 m thick, and which is also found out side
of the fos sil de pres sion (Klatkowa, 1993a; Klatkowa et al.,
1994). Lithological anal y sis has showed that the de posit has
dif fer ent granulometric fea tures than typ i cal lodge ment till and
it is al most de void of cal cium car bon ate (Klatkowa, 1993a).

Re search into the diamicton at Besiekierz was un der taken
to de ter mine its or i gin, the con di tions of its de po si tion above
Eemian biogenic de pos its and the age of the (re)depositional

pro cesses. It was as sumed that the petrographic com po si tion
of the peb ble frac tion in the diamicton would be help ful in de ter -
min ing its po si tion in the Qua ter nary strati graphic pro file of cen -
tral Po land. And, anal y sis of the lithological char ac ter is tics
should in di cate what fac tors in flu enced the sed i ment af ter its
ini tial de po si tion. These in ves ti ga tions should re solve whether
this diamicton is pre served in its orig i nal po si tion, i.e. as a true
till above Eemian de pos its and be long ing to Weichselian gla ci -
ation, whether it is a re de pos ited Warthanian gla cial till, which
was re worked af ter the Eemian Inter gla cial. The re sults of this
re search should con trib ute to the so lu tion of a prob lem that is
rel e vant also for some other lo cal i ties in Po land, where Eemian
or Early Vistulian strata are over lain by tills or till-like de pos its at
sites lo cated out side the gen er ally ac cepted ex tent of the LGM
(see Morawski, 2001).

SITE LOCATION AND RESEARCH METHODS

The Besiekierz site (51°57’18.43’’ N, 19°27’56.45’’ E) is lo -
cated in the tran si tion zone be tween the £ódŸ Pla teau and the
Warszawa–Berlin ice-mar ginal streamway within the Wola
M¹kolska Plain. The fos sil de pres sion, filled with Eemian bio -
genic de pos its, is sit u ated about 60 m east of the edge of the
Moszczenica Val ley (Fig. 1). Sev eral bore holes have been
drilled in the de pres sion, cores be ing col lected for palaeo eco -
logi cal anal y sis. The ex po sure made in 2005 was lo cated in the
south ern part of the fos sil ba sin (Fig. 2), around 25 m south of
the open pit, the in ves ti ga tion site of Klatkowa (1993a). 
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In 2005, a 2.2-m-deep ex ca va tion was made. Small peb -
bles (>20 mm across) were ex tracted from a diamicton bed
1.3 m thick. These clasts were stud ied by means of petro -
graphic anal y sis us ing in di ca tor er rat ics via Lüttig’s method
(1958) mod i fied by Smed (1993), Vinx et al. (1997) and Czubla
(2001). In ad di tion, lithological anal y ses were car ried out, which 
sup ple ment the re sults of petrographic anal y ses made to con -
strain the or i gin of the diamicton (Czubla and Forysiak, 2006).
The de pos its sam pled from the ex ca va tion wall (Fig. 3) were
ana lysed in terms of grain size, quartz grain mor phol ogy and
cal cium car bon ate and or ganic mat ter con tents. Eleven sam -
ples were taken, of which seven sam ples were of diamicton.
Grain size anal y ses were ac com pa nied by de ter mi na tion of cal -
cium car bon ate (us ing the Vol ume Anal y sis – Scheibler
Method) and or ganic car bon (Tiurin Method) con tents. Other

anal y ses in cluded the use of Caileaux Method fur ther mod i fied
by Manikowska (1993) to ana lyse quartz grain abra sion.

RESULTS

LITHOLOGICAL FEATURES OF THE DEPOSITS

The diamicton is cov ered by a thin layer of sand, found un -
der neath the re cent soil ho ri zon (Figs. 3 and 4). The grain size
dis tri bu tion shows con sid er able vari a tion in the in ves ti gated
suc ces sion. Two lay ers were rec og nized within the sand de -
posit. The up per one is rep re sented by fine, slightly sorted sand
(Fig. 4). Quartz-grain abra sion anal y sis re vealed a large num -
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Fig. 1. Geo log i cal sketch of the Besiekierz area (af ter Klatkowa et al., 1994, mod i fied);
LGM limit on the lo ca tion map af ter Karabanov et al. (2004), Ehlers et al. (2011),

Marks (2011), Lindner et al. (2013) (sim pli fied) 



ber of rounded grains with a matt sur face, typ i cal of ae olian
sands in cen tral Po land that ac cu mu lated in the Late
Weichselian (Manikowska, 1993). The lower layer is formed by
poorly sorted sand with an ad mix ture of silt.

The diamicton was in some places sandy and it con tained
some in ter ca la tions of sand and grav els. Sam ples taken from
the diamicton show a bi- or tri-modal dis tri bu tion (Fig. 4). It con -
sists a rel a tively small per cent age (<20%) of clay/silt and a
prev a lence of sand  (47–62%). By con trast, in a typ i cal Wartha -
nian gla cial till in cen tral Po land, clay and silt con sti tute >50%
(Klatkowa, 1972, 1993b). 

Anal y sis of quartz grain abra sion in the diamicton has shown
the pres ence of round, matt grains (RM) rang ing from 24 to 39%, 
shiny grains (EL) rang ing from 21 to 30% (Fig. 4) and a con sid er -
able amount of cracked (C) and non-abraded (NU) grains. Such
pro por tions of the first two types are char ac ter is tic of glacigenic
sed i ments but the high pro por tion of type C and NU grains is in -
dic a tive of con sid er able dam age to the sed i ment.

A con sid er able pro por tion of the RM grains in the sands
found within the diamicton, as well as in the up per most layer of

the de pos its an a lysed, in di cate that the sed i ments had been re -
worked un der eolian con di tions (periglacial?). They may have
been lo cated in the fos sil de pres sion be fore the diamicton was
de pos ited, while the de pos its cov er ing the diamicton may have
been trans ported by wind ac tion from the Moszczenica ter race,
that was de for ested in the Ho lo cene. 

The de pos its ana lysed are al most com pletely decalcified.
Only a few sam ples showed a con tent of about 0.5% of cal cium
car bon ate (Fig. 4). The typ i cal cal cium car bon ate con tent in the
Warthanian gla cial till in the area of Besiekierz, by con trast,
ranges up to 10% (Klatkowa et al., 1994). In or der to de fine the
or i gin and age of the diamicton, it is nec es sary to ana lyse the
or ganic car bon con tent, car ried out for the first time at Besie -
kierz. Or ganic mat ter con tent ranged from 0.2 to 0.8%, in di cat -
ing that the en tire diamicton formed dur ing pedogenesis. Till age 
diamicton may well con tain even less or ganic mat ter. In the
Bronów site, a sim i lar till age diamicton, which over lies Ho lo cene 
or ganic de pos its (dat ing 14C to 2730 ± 50 years BP), con tained
only 0.1–0.2% of or ganic mat ter (Twardy et al., 2004). No such
ad di tions of dis persed or ganic ma te ri als have been iden ti fied in
pri mary lodge ment or melt-out tills in the £ódŸ area.

PETROGRAPHIC ANALYSIS

A to tal of 607 peb bles ex tracted from ca 4 m3 of diamicton
were used for the anal y sis of in di ca tor rocks. The con tent of
coarse gravel frac tion found in the de pos its ana lysed was rel a -
tively low. There was a con spic u ous ab sence of car bon ate
rocks, which are com monly found in morainic tills of cen tral Po -
land and which usu ally make up up to 35% of the Nordic rocks
to tal (Czubla, 2001). In ad di tion, the ma te rial ana lysed did not
con tain rel a tively fri a ble and sus cep ti ble to weath er ing lo cal
rocks (mudstones, fine-grained cal car e ous sand stones, Me so -
zoic chalky lime stones and chalk). This in di cates con sid er able
weath er ing of the ma te rial. The ab sence of rel a tively large er -
rat ics 1 dm across and more was also atyp i cal. Their pres ence
in morainic tills is not usu ally high any where in Po land, but they
nev er the less are typ i cally pres ent. 

Diamicton in Besiekierz (Central Poland) – how to avoid misinterpretation of superposition in Quaternary geology 631

Fig. 2. Besiekierz site

A – sketch of the bur ied Eemian de pres sion (af ter Klatkowa,
1993a); B – geo log i cal sec tion I–II (af ter Klatkowa, 1993a); 1 – me -
dium-grained sand, 2 – biogenic de pos its (peat, gyttja), 3 – fine-
 grained sand, 4 – silt, 5 – sandy diamicton, 6 – sand with gravel, 7 –
top soil; lo ca tion of geo log i cal sec tion I–II is marked on sketch (A)

Fig. 3. Diamicton in the Besiekierz ar ti fi cial 
pit ex ca vated in 2005

1 – sand (with in ter ca la tions of silt in the up per part), 2 – diamicton, 3 
– sandy diamicton, 4 – sand, 5 – ac cu mu la tion soil ho ri zon; S1–S7 –
in di cate the lo ca tion of sam pling points (in Figs. 3 and 4 only se -
lected sam ples are shown – those taken along the most ac ces si ble
pit wall); shovel length 50 cm (photo by Piotr Czubla)



The ab sence of car bon ate rocks made it im pos si ble to cal -
cu late petrographic co ef fi cients. The re li abil ity of such mea -
sures is here lim ited in any case due to the con sid er able weath -
er ing of the ma te rial and the atyp i cal grain size dis tri bu tion, to -
tally dif fer ent from the one used in stan dard lithostratigraphic
anal y ses of gla cial tills. The only co ef fi cient which can be re li -
ably cal cu lated is the O/K (O – sed i men tary rocks, K – crys tal -
line rocks or sum of ig ne ous and meta mor phic rocks) and it
stands at 0.26115. It is thus un usu ally low for till (e.g., Krzysz -
kowski, 1991, 1995; Czerwonka and Krzyszkowski, 1992,
1994; Lisicki, 2003) and again it stresses the role of chem i cal
weath er ing which has elim i nated car bon ate rocks.

Among Bal tic-Fennoscandian er rat ics al most 80% are made
up of crys tal line rocks in clud ing iso lated quartz crys tals de rived
from weath ered coarse-grained ig ne ous rocks or quartz veins.
The re main ing 20% con sisted mainly of Pro tero zoic (Jotnian)
and Cam brian sand stones. Crys tal line rocks are dom i nated by
vol ca nic rocks from the Dalarna re gion in Swe den and by fine-
 grained in tru sive rocks from the �land Is lands and sur round ing
area (Fig. 5). The per cent age of coarse- grained �land Rapakivi
gran ites is disproportionally small. They are usu ally just as fre -
quent as aplite gran ite from �land. How ever, given the con sid er -
able sus cep ti bil ity of coarse-grained rocks to phys i cal weath er ing 
(changes in tem per a ture lead to large stresses on the edges of
large crys tals) these were soon elim i nated from the rock ma te rial
orig i nally pres ent in the tills. Equally low is the per cent age of
meta mor phic rocks, which due to their tex ture (clear signs of fo li -
a tion or lam i na tion, al ter nat ing lay ers of dif fer ent com po si tion)
and min eral com po si tion (e.g., a high pro por tion of micas) quickly 
be come de stroyed in weath er ing. 

It is no ta ble that, dur ing the field work at Besiekierz, no rem -
nants of weath ered meta mor phic rocks rich in bi o tite were
found; these are char ac ter is tic of con sid er ably weath ered but
well (in situ) pre served re sid ual morainic de pos its, as for in -

stance, cer tain till beds in the open-cast mines at “KWB
Be³chatów” or “JóŸwin” at Kleczew near Konin (Czubla, 2001).
In the case of redeposition, the rock rem nants would at least be -
come scat tered or even wholly dis persed. At Besiekierz, such
rem nants must have been com pletely de stroyed. One can con -
clude that in ten sive weath er ing pro cesses must have oc curred
be fore the pos si ble redeposition of the diamicton. 

De spite cer tain meth od olog i cal res er va tions re lated to the
anal y sis of weath ered tills (Czubla, 2001), in di ca tor rocks were
iden ti fied and on this ba sis, the The o ret i cal Boul der Cen ter
(TBC; Lüttig, 1958) was cal cu lated. The pro por tion of in di ca tor
rocks proved to be un usu ally high, close to 15% of all Bal -
tic-Fennoscandian rocks, which in turn made up al most the en -
tire sam ple. This is, how ever, a sit u a tion typ i cal of weath ered
gla cial de pos its, where weatherable sed i men tary rocks with ex -
ten sive source ar eas (out crops) in the Bal tic re gion (use less for
this type of anal y sis) be come elim i nated. At the same time,
there is a rel a tive in crease in eas ily rec og niz able ex tru sive
rocks from the Dalarna re gion, which are highly re sis tant to
weath er ing. There is also an in crease in the pres ence of micro -
granites from the �land Is lands (Fig. 5).

The TBC of diamicton from Besiekierz has its geo graph ical
co or di nates j = 59.62° N and l = 16.71° E. This spot is sit u ated
near the TBC cal cu lated for youn ger Saalian (Warthanian) tills
from the Be³chatów open-cast mine, the £ódŸ area and the
east ern Wielkopolska Re gion (Czubla, 2001; Czubla and
Forysiak, 2004; Fig. 6). It may be con cluded that the diamicton
lo cated above the Eemian de pos its in Besiekierz dates from the 
youn ger Saalian (Warthanian) and it found its pres ent place as
a re sult of post-depositional and most prob a bly post-weath er ing 
re place ment. The slight shift of the TBC to the west may be at -
trib uted to pres er va tion of weath er ing-re sis tant Dalarna por phy -
ries from cen tral Swe den, while, at the same time, the more
sus cep ti ble east-Fennoscandian rocks were elim i nated. 
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Fig. 4. The re sults of lithological anal y ses of the de pos its ex am ined (cf. Fig. 3)

a – li thol ogy: 1 – sand (with in ter ca la tions of silt in the up per part), 2 – diamicton, 3 – sandy diamicton, 4 – sand, 5 – ac cu mu la tion soil

ho ri zon; b – grain-size co ef fi cients on the phi (j) scale (af ter Folk and Ward, 1957): Mz – mean di am e ter, d1 – stan dard de vi a tion, Sk –
skew ness; c – quartz-grain abra sion: RM – round, matt grains, M – me dial (be tween RM and EL) grains, EL – shiny, glossy grains, C –
cracked grains, NU – non-abraded grains; d – CaCO3 con tent; e – con tent of or ganic mat ter



DISCUSSION

Both the re sults of the ear lier re search and the new data
pre sented here, com pris ing lithological and petrographic anal y -
ses, as well as the palaeogeographic con text, rule out the pos -
si bil ity that the Besiekierz area was cov ered by the Weichselian
ice-sheet. Petera and Forysiak (2003) pro vided ev i dence that
the last ice-sheet could not cross the Warszawa–Berlin
ice-mar ginal streamway within the Ko³o Ba sin that stretches to
the north-west of the area in ves ti gated. 

When con sid er ing the lo cal sit u a tion of the Eemian or ganic
de pos its over lain by diamicton, the age and or i gin of the lat ter
are prob lem atic. An age re lated to the Warthanian Stage should 
be treated as the age of source ma te rial (sed i ment), which
moved over slopes to wards the fos sil de pres sion (ba sin). 

Lisicki (2003) re in ter preted the re sults of pet ro log i cal anal y -
ses of the fine gravel frac tion (pet ro graph i cal co ef fi cients) at the
Besiekierz site car ried out by Klatkowa (1993a) and com pared
these with the re sults ob tained for the youn gest till bed in the
sur round ing area (Klwowska Wola type k4, es ti mated as
“...older than the last Pleis to cene Gla ci ation...”). In his opin ion
the Besiekierz diamicton should be rec og nized as weath ered
deluvial (slope) sed i ment orig i nated from k4 till. A sim i lar in fer -
ence has been made also by Morawski (2001) based on anal -
ogy with the re sults of anal y ses car ried out on the east ern
Mazovia and Podlasie re gion. Mojski (2005) sug gested that the
de posit re sem bling gla cial till and cov er ing in dis put ably Eemian
de pos its was formed, most prob a bly, as a re sult of wa ter trans -
port over loaded with de pos its, in clud ing gravel frac tion.
Turkowska (2006) re ported the re sults of anal y ses con ducted
un til then at Besiekierz. She dis cussed the age and or i gin of the
till de pos its  with out, how ever, tak ing a stance on this is sue. 

Trans port of the till oc curred dur ing farm ing and it may be
linked to till age ero sion. Till age ero sion and the ac cu mu la tion of
till age diamicton is the con se quence of mo tion on slopes of sed -
i ment lay ers near the sur face dur ing plough ing. This leads to
the flat ter ing of slopes, the elim i na tion of small hills and the fill -
ing of small in te rior hol lows with till age diamicton of dis pro por -
tion ately large thick ness (Zaslavskiy, 1978; Brown et al., 1981;
Sinkiewicz, 1989, 1995, 1998; Govers et al., 1994; Twardy,
2003, 2008). Nu mer ous ex am ples of trans form ing small de -
pres sions by till age ero sion lead ing to their shallowing or even
com plete infill were pro vided by Sinkiewicz (1989, 1995, 1998),
Niewiarowski et al. (1992), Klimowicz (1993), Twardy (2002a)
and oth ers. The pres ent-day rate of till age ero sion is es ti mated
at a few mm per year (Sinkiewicz, 1998; Twardy, 2002b, 2008;
Zg³obicki, 2002; Szpikowski, 2005). Ac cord ing to Józefaciuk
and Józefaciuk (1984), dur ing 30 years of farm ing, there oc -
curred a trun ca tion of small land-forms of 3 to 3.5 m and at the
same time, the de pres sions were filled with sed i ment 1.5–2.0 m 
thick. Rodzik et al. (2008) es ti mated that since the Mid dle Ages, 
the low er ing of small ridges sep a rat ing dry denudational val leys
could lo cally reach 2 m.
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Fig. 5. Source ar eas of in di ca tor er rat ics rec og nized in dia -
micton at the Besiekierz site (the cir cle’s area cor re sponds to
the per cent age of er rat ics in an ana lysed stone sam ple);
graphic pre sen ta tion method (cir cle map) af ter Smed (1993)

1 – Rödö Rapakivi, 2 – �land Gran ite, Haga Gran ite, �land Rapakivi, 
�land Aplite Gran ite, �land Gran ite Por phyry, 3 – Brown Bal tic
Quartz Por phyry, 4 – Uppsala, Vänge and Arnö gran ites, 5 – Sala
Gran ite, 6 – Stock holm Gran ite, 7 – Glöte Por phyry, 8 – Särna
Tinguaite and Por phyry, 9 – Grönklitt and Grey Dalarna por phy ries,
�sby Diabase, 10 – �sen, Bredvad and K¯tilla por phy ries, Garberg
Gran ite, 11 – Blyberg Por phyry, Klittberg Ignimbrite and Por phyry,
Ränn¯s, Blyberg, Orrlok and other Dalarna ig nim brites and por phy -
ries, 12 – Öje Diabase and Melaphyre, Dala Sand stone, Digebergs
Sand stone and Con glom er ate, 13 – Venjan Por phyry, 14 – Järna
Gran ite, 15 – Siljan Gran ite, Siljan Rapakivi, Mänsta Por phyry, 16 –
Kinda Gran ite, 17 – Mariannelund Gran ite, Emarp, Nym¯la,
Fagerhult and Lönneberga por phy ries, 18 – Red Sm¯land Gran ites,
Vislanda Gran ite, Sm¯land Por phyry, 19 – Kalmarsund and Tessini
sand stones, 20 – Karlshamn and Spinkam¯la (Halen) gran ites, 21 –
Skolithos and Hardeberga sand stones, Kullaite, 22 – Red Cam brian
sand stones

Fig. 6. The o ret i cal Boul der Cen ter cal cu lated for diamicton at
Besiekierz against a back ground of se lected TBC’s of Mid dle
Po land (Be³chatów open-pit and £ódŸ re gion; Czubla, 2001,
mod i fied)



It is worth stress ing that till age ero sion did not lead to a
change in the struc ture of source sed i ment (till). Till age
diamicton, formed by the re peated mix ing of sed i ment dur ing
plough ing, has in gen eral a mas sive struc ture. As a re sult, sed i -
men tary struc tures are not iden ti fied or even searched for in till -
age diamicton. Such struc tures could ac count for the way in
which blocks were in tro duced into fine sed i ments. Most of the
coarse ma te rial was ex tracted from the bed by farm ing tools
pulled at ran dom through the sed i ments. The sandy interlayers
pres ent in the diamicton emerged due to weak run-off across
the cul ti vated sur face. The tilloid (till-like) tex ture was not greatly 
trans formed. A re duc tion in the con tent of clays was ob served,
which prob a bly moved to wards the cen tre of the ba sin. This 
can be seen in Klatkowa (1993a; see cross-sec tion in Fig. 2B,
sym bol 4). The polymodal na ture of fre quency curves is one of
the char ac ter is tics of till age diamicton de rived from till (Twardy,
2008). The elim i na tion of car bon ate rocks and the dis in te grated 
crys tal line rocks may be at trib uted to weath er ing and the de -
struc tion of blocks dur ing plough ing. In such an in ter pre ta tion,
the weath er ing may be short-term but nev er the less in ten sive
be cause it con cerned a layer of sed i ment right next to the sur -
face. An in crease in the con tent of C and NU quartz grains may
have been caused by shear stress when plough ing clayely soil
(Rousselot and Fischer, 2007). A lack of CaCO3 and an in -
creas ing car bon con tent are one of in di ca tors of till age dia -
micton (Twardy, 2008).

In the vi cin ity of £ódŸ, diamictons, the emer gence of which
is at trib uted to till age ero sion (sites at Bronów, Stroñsk,
Brodnia) were dated as Subatlantic by means of the 14C method 
(Twardy et al., 2004; Twardy, 2008). Marked shallowing of the
small fos sil ba sin in Besiekierz prob a bly started in me di eval
times. Due to tech no log i cal im prove ments, it be came pos si ble
to cul ti vate clayely ar eas by means of iron ploughs drawn by an -
i mals. The oc cur rence of nu mer ous lo cal ar chae o log i cal sites
from me di eval times has been de scribed (Twardy, 2008). It
should be em pha sized that this farm ing took place in a small
shal low ba sin with an orig i nal sur face layer of older Vistulian
sands of un known or i gin, 0.5–0.6 m thick (Klatkowa, 1972;
Klatkowa et al., 1994). Thus, cul ti va tion took place on solid and
sta ble ground which may have been pe ri od i cally wet. The re lief

did not hin der the farm ing be cause the area was only gently un -
du lat ing and small, shal low bas ins sep a rated by till “hill ocks”
added va ri ety to it (Klatkowa, 1993a; Fig. 2B). The up per sand
layer, over ly ing the diamicton, was prob a bly formed by re de -
pos ited sandy ma te rial dur ing de for es ta tion that took place in
the 19th and 20th cen tu ries (Twardy, 2008).

CONCLUSIONS

The prob lem of the Besiekierz site can not be re solved us ing 
purely geo log i cal and strati graphic cri te ria. Fol low ing re search
by the dis cov erer of this site (Klatkowa, 1972, 1993a) and anal -
y ses car ried out in de pend ently by dif fer ent re search ers, the age 
of the or ganic infill of the fos sil de pres sion and the diamicton
has been de ter mined as Eemian and Warthanian, re spec tively.
It is equally nec es sary to de fine the na ture of the geomorpho -
logical pro cess which led to the move ment of the gla cial de pos -
its by col lu vial pro cesses to wards the cen tre of the ba sin with out 
af fect ing its tex ture or struc ture. The data in di cate that this was
con nected with long-term ag ri cul tural use of the land sur round -
ing the site: par tic u larly with till age ero sion co-oc cur ring with dif -
fer ent kinds of weath er ing pro cesses. The ar chae o log i cal ev i -
dence sug gests that this pro cess took place in the course of in -
ten sive farm ing over at least a few hun dred years. Most prob a -
bly, it was pre ceded by ear lier weak run-off pro cesses and by
long-term chem i cal and me chan i cal weath er ing pro cesses. The 
trun ca tion of the gently un du lat ing land scape near Besiekierz
may be con sid ered as the re sult of many cen tu ries of “till age
planation” (Sinkiewicz, 1995) which com prises rapid trun ca tion
of small con cave land forms, trun ca tion of scarps and short nar -
row slopes, the flat ten ing of slopes and the fill ing of small de -
pres sions. 
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