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The Eu ro pean loess pro files pro vides ev i dence of changes in cli mate in the last gla cial cy cle. The fi nal stage of loess ac cu mu la tion took
place in the youn gest part of the last gla cial (28 to 12 ka BP). Loess ac cu mu lated in two pe ri ods: from 28 to 18 ka BP and from 18 to 13 ka
BP. These two stages were sep a rated by a short phase of weaker ae olian ac tiv ity and weak pedogenesis (ini tial tun dra gleyed soils). The
loess sed i men ta tion rate can be de fined as a mass ac cu mu la tion rate (MAR ex pressed in g/m2/year). This value was cal cu lated by Frechen 
et al. (2003) for sev eral dozen loess sites across west ern and cen tral Eu rope. In this pa per we cal cu late the MAR for sev eral loess sites in
Po land and Ukraine. The MAR dis tri bu tion across Po land and Ukraine is un even in these two in ter vals. The MAR val ues os cil late be -
tween 100 to sev eral thou sand g/m2/year. They mark edly in crease eastwards, which may be ex plained by the lat i tu di nal gra di ent of
periglacial cli mate in the LateWeichselian (= Late Vistulian). The MAR dis tri bu tion along a N–S trend con firms its large range in west -
ern and cen tral Eu rope. How ever, the most east erly pro files (Pol ish and Ukrai nian ones) show less vari able thick nesses as the MAR was
sta ble at a rel a tively low level from sev eral hun dred to more than a thou sand g/m2/year. This sta bil ity of the MAR char ac ter ized both
loess-form ing in ter vals in this part of Eu rope.
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INTRODUCTION

The cli ma tic con di tions that ex isted in the Pleis to cene
periglacial zone in Eu rope were re flected in the ac cu mu la tion
of loess. The clearly de lim ited loess zone on this con ti nent
(Fig. 1) con sists of a num ber of ar eas where loess is ei ther part
of land scape or con sti tutes a pre dom i nant el e ment. The for mer
in cludes the loess of west ern Eu rope, where it oc curs as patches 
that tend to be small, are fre quently iso lated and are usu ally not
very thick, with no tice able hi a tuses in the suc ces sions, in par -
tic u lar in lower parts of the pro files. Cen tral Eu ro pean loess
cov ers are more con tin u ous and up to a dozen or so metres
thick. In south ern-cen tral and east ern Eu rope, loess is wide -
spread, con tin u ous and lo cally over 40 m thick; fur ther more,
these de pos its fre quently show strati graphic con ti nu ity
(Ró¿ycki, 1986; Maruszczak, 1991a; Mojski, 1993). 

Eu ro pean loess de pos its pre serve ev i dence of cli mate
change in the Pleis to cene. Changes in the last gla cial cy cle,
which took place in ca. the last 120 000 years from the end of

the Eemian to the Ho lo cene, are the best and most pre cisely re -
corded. This is be cause loess de pos its of this in ter val are the
most com pletely pre served and the most wide spread. As re -
gards the rhythm of global cli ma te changes in this in ter val as re -
flected in the sta ble ox y gen iso tope com po si tion of deep-sea
de pos its, loess and palaeosol ho ri zons may be cor re lated with
the cor re spond ing stages and substages (OIS 5–2).

The Weichselian loess usu ally rests on Eemian Inter gla cial
for est soil (OIS 5e). In the early gla cial in ter val this sub strate
was cov ered by fur ther de pos its, cor re spond ing to the OIS 5d–a 
substages, which were formed al ter nately dur ing the cold and
warm fluc tu a tions of the Herning (5d), Amersfoort and BrØrup
(5c), Rederstall (5b) and Odderade (5a) stadials and inter -
stadials. OIS 4 per tains to the first ma jor ep i sode of se vere cli -
mate in the Weichselian. In the youn ger part of the gla cial, in
OIS 3, i.e. in the Interpleniglacial, a se ries (ca. a dozen) of small 
cli mate fluc tu a tions with weakly ex pressed warm ings were
noted in Eu rope; the most sa lient ones are termed the Oerel,
Glinde, Moershoofd, Hengelo and Denekamp (Behre, 1989).
In Po land, Mojski (2005) refered to the Interpleniglacial part of



gla ci ation as the Grudzi¹dz Interstadial that he fur ther di vided
into an older and a youn ger part. The lat ter in cludes at least
eight phase-interphase cli ma tic fluc tu a tions, two of which were 
iden ti fied in Po land: an older one of Hengelo age and a youn -
ger one of Denekamp age (Mojski, 2005). OIS 2, the youn gest
part of the last gla cial, is the next phase of rad i cal cli mate cool -
ing, the max i mum ex tent of the last Scan di na vian ice sheet in
North ern Eu rope (Mojski, 1993; Marks, 2005; Figs. 1–3) and
very in ten sive periglacial pro cesses.

OBJECTIVE AND METHOD

Gen er ally speak ing, loess ac cu mu la tion in Po land, with
some hi a tuses, lasted for approx. 550 000 years (Maruszczak,
2001b) while in Lower Aus tria, the Hun gar ian Low lands and
Ukraine, loess cov ers had been form ing since the
Eopleistocene (Mojski, 1993; Gozhik et al., 1995; Boguckyj
and £anczont, 2005). Ad di tion ally, in view of the re duced

thick nesses and lithological fea -
tures of older lay ers in par tic u lar, it 
can be de duced that loess cov ers
were af fected by ero sion, de nu da -
tion and gla cial exaration in ar eas
cov ered by ice sheets at dif fer ent
times (Mojski, 2005). The loess
age may be de ter mined directly,
inter alia, by lu mi nes cence dat ing.
Dat ing of the top and basal parts of 
individual loess lay ers of ten
suggest a rel a tively short time for
their for ma tion (Fedo rowicz,
2006).

The fi nal stage of loess ac cu -
mu la tion took place from 28 to
12 ka BP (Maruszczak, 1985,
1991b, 2001b; Frechen et al.,
2003). The cli mate of this in ter val
was the most con du cive for loess
deposition in the en tire Vistulian
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Fig. 1. Dis tri bu tion of loess cov ers in Eu rope (ac cord ing to Wojtanowicz, unpubl.)

The max i mum ex tent of the last Scan di na vian ice sheet is by Mojski (1993) and Marks (2005)

Fig. 2. Lo ca tion of loess sites dis cussed in the pa per and con tain ing loess de pos ited in OIS 2, in -
clud ing the type of geomorphological vari a tion (ac cord ing to Frechen et al., 2003, mod i fied and

sup ple mented with the au thors’ own data from Po land and Ukraine)



(£anczont and Wojtanowicz, 2000). This loess there fore usu -
ally has the larg est thick ness of any of the youn ger loess beds. It 
formed un der se vere cli ma te con di tions with arid ity in creas ing
grad u ally with time. Gen er ally, loess patches in east ern Eu rope
are more ex ten sive, con tin u ous and thicker than in west ern Eu -
rope (Maruszczak, 1991a), which may be ex plained by the
east wards-in creas ing continentality of cli mate. The loess is lo -
cally bi par tite. 

Se ri ous dif fi cul ties arise when one at tempts to de ter mine
the rate of loess ac cu mu la tion over this in ter val. These re sult,
for in stance, from the un cer tainty as to whether or not loess is
com plete at any given site, which might have been af fected by
var i ous ero sive pro cesses, both dur ing and af ter sed i men ta tion.
Thus, loess beds may in clude many gaps/hi a tuses, their thick -
ness be ing con se quently re duced. De spite this, there have been
fre quent at tempts to es ti mate this value. There are dif fer ences
in how the sed i men ta tion rate value is pre sented. Maruszczak
(Maruszczak, 1991b, 2001b) pro vided an av er age loess ac cu -
mu la tion rate in Po land in mm/year, while Frechen (Frechen et
al., 2003) de scribed the min eral mass ac cu mu la tion rate
(MAR) in m2/year on the ba sis of loess re search in west ern and
cen tral Eu rope (43 sites in 7 coun tries). 

The re sults pub lished by Frechen et al. (2003) in spired the
au thors to cal cu late the MAR for loess pro files in Po land and
West ern Ukraine, and to com pare them with the val ues ob -
tained for west ern and cen tral Eu rope. The same fa cies scheme
of loesses was used. Al to gether seven Pol ish and Ukrai nian
loess sites were ana lysed. TL ages, which are the main start ing
point for our cal cu la tions, were ob tained in the Gdañsk Uni ver -
sity lab o ra tory. 

In to tal, the anal y sis of loess TL re sults cov ered 50 sites
from var i ous Eu ro pean coun tries: France, Bel gium, Ger many,
Aus tria, the Czech Re pub lic, Slovakia, Hun gary (Frechen et
al., 2003), Po land and Ukraine (our re search) (Fig. 2 and Ta ble
1A–D). The com mon fea ture of these sites is the pres ence of
loess that ac cu mu lated in the youn ger part of the Plenivistulian. 
Syn thetic de scrip tions of the pro files from the first seven coun -
tries are given by Frechen et al. (2003). The re main ing sites are
dis cussed in de tail by Boguckyj and £anczont (2002),

£anczont and Boguckyj (2002),
and Fedorowicz (2006). The thick -
ness of loess from the last gla cial,
given in Ta ble 1A–C, was es ti -
mated on the ba sis of data pub -
lished by Frechen et al. (1997,
1999, 2001, 2003). 

MAR CALCULATION

Frechen et al. (2003) con tains
dat ing re sults of 43 Eu ro pean loess 
sites. Most lu mi nes cence ages
were cal cu lated by Frechen over
the last 15 years. The re main ing
dates were ob tained by Wintle,
Lang and Zoller. The age anal y ses
used var i ous ma te ri als, both min -
eral and or ganic ones, in clud ing

loess, an i mal re mains and char coal. Lu mi nes cence dat ing was 
used to date loess and loess-like de pos its, and ra dio car bon
dat ing was used for or ganic ma te rial (Ta ble 1A–C). The larg -
est amount of data co mes from the re gion of the Rhine and
Dan ube val leys. Sev eral sam ples were col lected from var i ous
depths in the sites, the mor pho log i cal set ting of de po si tion
hav ing been ac counted for. Three ba sic re lief el e ments were
taken into ac count: pla teau, slope and ter race (Fig. 2). Thus,
there is loess of pla teau, slope and ter race topofacies. Six of
43 sites cov ered by the ex am i na tion per tained to the pla teau
ar eas, and these were marked on the map as: 39, 1, 18, 40, 21,
8 and 23. One site: 6, Sa bles d’Orles Pins in French Brittany,
was clas si fied as a cliffed sea shore.

Three loess types were dis tin guished (cf. Maruszczak, 1972): 
ae olian loess with lit tle or no redeposition (1) and two loess types 
(2, 3) whose ae olian ac cu mu la tion was ac com pa nied by var i ous
syn- or postsedimentary slope pro cesses (Fig. 3):

— pri mary/ini tial loess: in most cases uni form, weakly
strat i fied, yel low ish brown, po rous, calcareous, silty,

— deluvial loess: lam i nated-strat i fied, re de pos ited as a re -
sult of slope deluvial and/or col lu vial pro cesses,

— loess re de pos ited by solifluction pro cesses.
To cal cu late the MAR of min eral ma te rial con tained in

loess we used the for mula ap plied by Kohfeld and Har ri son
(2003) to deep-sea sed i ment, ice core and loess. This spec i fies
the mass of loess dust fall ing and ac cu mu lat ing on the sur face
(1 sq cm or 1 sq m) dur ing the year. The for mula ac counts for
the ac cu mu la tion rate spec i fied on the ba sis of at least two lu mi -
nes cence ages on sam ples collected from the same layer.

MAR = AR × f × BD

were: MAR — mass ac cu mu la tion rate (g/cm2/year), AR — ac cu mu la tion
rate (cm/year), f — co ef fi cient spec i fy ing the con tent of ae olian ma te rial in
the sam ple (for loess f= 1), BD — bulk den sity (g/cm3).

The av er age bulk den sity (BD) is as fol lows: 
— for Chi nese loess 1.48 g/cm3 (Kohfeld and Har ri son,

2003), 
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Fig. 3. Site lo ca tion and dom i nant loess fa cies at the sites dis cussed in this pa per
(ac cord ing to Frechen et al., 2003, mod i fied and sup ple mented

 with the au thors’ own data from Po land and Ukraine)



— for Eu ro pean loess 1.65 g/cm3 (Frechen et al., 2003).
In the cal cu la tions a bulk den sity of BD=1.65 g/cm3 was

adopted af ter Frechen (2003).
In this pa per the set of MAR val ues cal cu lated by Frechen

et al. (2003) for loess from west ern and cen tral Eu ro pean sites
was ex tended by more MAR val ues com puted through lu mi -
nes cence ages for the Pol ish and Ukrai nian sites on the ba sis of
our own re search and on other re search.

WESTERN AND CENTRAL EUROPEAN
 LOESS PROFILES

Eemian palaeosol (re ferred to in this area as Rocourt af ter
the Bel gian site (4) where it was iden ti fied) is mod er ately com -
mon at loess-palaeosol sites in north west ern France and Bel -
gium (Ta ble 1A). At the French site of Saint Sauflieu (7) it is
over lain by a palaeosol cor re lated with the BrØrup and
Odderade interstadials, OIS 5d–a (Behre, 1989). The ter mi nal
part of OIS 5, dated at 73 ka BP, is marked by the for ma tion of
steppe soil iden ti fied in two suc ceed ing pro files at this site. A
late gla cial loess bed, de pos ited from 18 to 13 ka BP, has also
been doc u mented at Saint Sauflieu and it is of slope fa cies. In
the French Villiers-Adam pro file (9) loess formed on an
Eemian palaeosol be tween 55 and 35 ka BP. There are or ganic
interbed above the loess. The up per part of the pro file in cludes
loess ac cu mu lated be tween 25 and 20 ka BP. The Sa bles
d’Orles Pins site (6) is lo cated in the zone of a ma rine cliff edge. 
This site in cludes Late Pleniglacial Loess de pos ited in two
phases: an older one from 26.4 to 19.7 ka BP and a youn ger one 
from 17.8 to 15.9 ka BP. Late gla cial loess oc curs also at the
Saint Romain site (8). This loess was dated by A. Wintle et al.
(1984) at 16.4–12.6 ka BP. The slope loess sam ple from the
Villiers-Adam site (9) lo cated in the Osie River val ley yielded
an age of 23.5 ka BP (Frechen et al., 2003). At the Bel gian site
of Harmingnies, loess-palaeosol de pos its from the last inter gla -
cial-gla cial in ter val have the larg est thick ness, reach ing 5 m
(Frechen et al., 2001a). The Rocourt palaeosol is over lain by
de pos its with Early Weichselian palaeosols where five cli ma tic 
os cil la tions are re corded, which are re lated to OIS 5d–a. Ar ti -
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T a  b l e  1

Lo ca tion of loess sites with in for ma tion about loess thick ness
and dat ing meth ods used for MAR calculation

Lo ca tion Site (coun try) Loess thick ness 
[m] (OIS 2)

Dat ing
method

 A — loess sites in NW Eu rope 

1 Harmingnies (B)  5.00 (1.80) OSL

2 Kesselt (B)  4.70 (1.50) TL

3 Remicourt (B)  4.00 (2.20) OSL, TL

4 Rocourt (B)  3.00 (2.00) TL

5 Achenheim (F)  3.00 (1.60) TL

6 Sa bles d’ Orles Pins (F)  3.50 (2.40) OSL

7 Saint Sauflieu (F)  1.80 (2.30) OSL, TL

8 Saint Romain (F) 10.20 (1.40) TL

9 Villiers-Adam (F)   4.20 (1.50) OSL

B — loess sites in cen tral-west ern Eu rope 

10 Wiesbaden (D)     4.20 (3.50) OSL

11 Bobingen (D) ?     (2.45) OSL

12 Böckingen (D) 2.50 (2.20) OSL

13 Bönnigheim A (D) 2.80 (1.40) OSL

14 Bönnigheim B (D) 5.20 (3.00) OSL

15 Elsbachtal (D) 4.40 (1.80) OSL

16 Garzweiler-Sòd (D) 6.00 (4.20) OSL

17 Grafenberg (D) 13.50 (10.50) OSL

18 Kärlich (D) 1.90 (0.50) TL

19 Köblenz-Metternich (D)  9.60 ( 8.50) OSL

20 Mainz-Weisenau (D) ?  (4.40) OSL

21 Nussloch (D) 11.30 (9.90) OSL, AMS,
14C

22 Ockenfels (D) 9.50 (7.30) OSL

23 Remagen-Schwalbenberg
(D) 3.10 (2.60) OSL

24 Schweinskopf (D) 1.30 (0.40) OSL

25 Tönchesberg (D) 1.90 (1.45) TL

26 Wallertheim (D) ?     (1.90) TL

27 Wannenköpfe (D) ?    (1.60) OSL

C — loess sites in cen tral Eu rope 

28 Dolni Vestonice (Cz) 5.80 (5.30) OSL, 14C

29 Kutna Hora (Cz) 4.20 (1.70) OSL

30 Zemechy (Cz) 4.40 (2.50) OSL

31 Altheim (A) 2.00 (0.50) OSL

32 Grubgraben (A) 7.00 (1.00) 14C

33 Gunderding (A) 3.50 (2.40) OSL

34 Stillfried (A) 2.00 (1.00) TL

35 Stratzing (A) 1.30 (0.40) TL

36 Trindorf (A) 3.50 (1.90) OSL

37 Wels (A) 2.00 (0.70) TL, 14C

38 Willendorf II (A) 3.20 (1.55)
14C, AMS-

14C

39 Albertirsa (H) 3.50 (2.60) OSL

40 Mende (H) 4.30 (2.20) TL, OSL,
14C

41 Paks (H) 6.00 (5.30) OSL

42 Cosaoutsi  (R) 14.00 (3.40) 14C

43 Mituc Malu  (R) 6.65 (3.34)
14C,

AMS-14C

D — Pol ish and Ukrai nian loess sites 

44 Bia³y Koœció³ (Pl) 6.55  (3.50) TL, OSL

45 Dankowice (Pl) 9.30 (5.80) TL

46 Ksiêginice Ma³e (Pl) 8.55 (5.60) TL

47 Dybawka (Pl) 13.35 (6.70) TL, OSL

48 Tarnawce (Pl) 6.65 (1.50) TL, OSL

49 Zarzecze (Pl) 3.80 (2.35) TL

50 Halyè (Uk) 3.44 (3.44) TL, OSL, 14C

The thick ness of loess was es ti mated on the ba sis of data pub lished by A —
Frechen et al. (2001, 2003), B — Frechen et al. (1999, 2003), C — Frechen 
et al. (1997, 1999, 2003); the list of ra dio met ric meth ods used in MAR cal -
cu la tions is ac cord ing to Frechen (2003); B — Bel gium, F — France, D —
Ger many, Cz — Czech Re pub lic, A — Aus tria, H — Hun gary, R — Ro ma -
nia, Pl — Po land, Uk — Ukraine; dat ing meth ods: OSL — op ti cally stim u -
lated lu mi nes cence, TL — thermoluminescence, AMS — ac cel er a tor mass
spec trom e try, 14C — ra dio car bon



facts of the Mous terian Cul ture from the Mid dle Palaeo lithic
were dis cov ered in the lower part. The Mid dle Weichselian is
rep re sented by three lay ers. The lower one is cor re lated with
OIS 4 and con tains an interstadial steppe soil. The mid dle one
con sists of loess with a dis tinct tun dra gley ho ri zon while the
high est layer re flects cli mate os cil la tions con nected with the
Moershooft and Denekamp interstadials. Frechen et al.
(2001b) cor re lated the mid dle and up per lay ers with  OIS 3.
The Up per Weichselian (OIS 2) is rep re sented by the next three 
lay ers. Be sides these sites, in this part of Eu rope there are no
other sites known where the strati graphic con ti nu ity of Up per
Weichselian loess-palaeosol se quence has been pre served. 

In Bel gium at Kesselt (2) the de pos its of the last gla cial are
only ca. 2.7 m thick. Two intra-loess palaeosols sep a rated by a
thin loess layer were ra dio car bon dated at 37 260±1850 ka BP
and 22 270±380 ka BP. At the Rocourt site (4) the Eemian
palaeosol is over lain by a bi par tite loess 4 m thick. Ac cord ing
to Wintle (1987), the lower loess part was de pos ited from 42 to
36 ka BP and the up per one be tween 17.1 and 13.2 ka BP.
Pleniglacial loess was ex am ined in de tail by Frechen (Frechen
et al., 2003) at the Remicourt site (3). The age of this loess was

es ti mated at 25.8–18.7 ka BP. 
In South ern Eng land loess de pos its are found along the

southeast ern sea coast and in the Thames val ley. In di vid ual lu -
mi nes cence ages ob tained for a num ber of sites show that loess
ac cu mu la tion took place in three pe ri ods: be fore ca. 170 ka BP
and in the in ter vals 125 to 50 ka BP and 23 to 10 ka BP. TL
ages of late gla cial loess ob tained by Wintle (1981) at a few
sites fall within the range of 18.8 to 13.0 ka BP.

Eemian palaeosol is also a key ho ri zon at cen tral Eu ro pean
sites (Ta ble 1B) lo cated in the Rhine val ley. It is found in
Tönchesberg (25) and KØblenz–Metternich (19) (Boenigk and
Frechen, 2001). At the Tönchesberg site, the Blake
palaeomagnetic event dated at 117 ka BP has been found in a
cher nozem ly ing di rectly on Eemian for est soil. Both sites con -
tain four Early Weichselian palaeosols with a to tal thick ness of
4 m, i.e. sim i lar to the thick ness of de pos its that ac cu mu lated
later in the Mid and Late Weichselian. At the bound ary be -
tween OIS 5a and 4 there is a thin marker layer of sandy silt. Its
coun ter parts are also found at some loess sites in Al sace, the
Rhine val ley, and Moravia (Frechen et al., 2003). In the Mid
Weichselian dur ing OIS 3, loess formed in two phases in the in -
ter val 45–25 ka BP. It has been found at the sites men tioned
above as well as at Remagen-Schwalbenberg (23). In the Late
Weichselian, loess ac cu mu lated in two phases: 24–20 ka BP
and 17–13 ka BP. These two loess beds oc cur at Tönchesberg
(25), KØblenz-Metternich (19), and Schweinskopf (24). 

The fi nal phase of the Weichselian was marked by cli ma te
de sta bi li sa tion. Many loess sites in Bel gium, Neth er lands, and
the Rhine val ley show a sed i men ta tion gap cor re spond ing to
this phase. Late gla cial loess has been ob served at fewer sites in 
the north ern part of the Rhine val ley than in the south ern part.
Most loess has been af fected by redeposition (re worked loess);
there are also traces of solifluction and deluvial pro cesses,
found in the Grafenberg (17) and Garzweiler-Süd (16) sites. 

As re gards South ern Ger many and Al sace, brown Eemian
palaeosol has been found at the fol low ing sites: Nussloch (21),
Böckingen (12), Bönnigheim (13 and 14) and Achenheim (5)
(Frechen, 1999). The Nussloch (21) site con tains a 2 metre bed

of Mid dle Weichselian loess sep a rated by two tun dra gley soils
and a 2 metre bed of Up per Weichselian loess, also sep a rated
by a tun dra gley soil. The re main ing sites con tain Mid dle
Weichselian loess with two palaeosols. The Up per parts of the
pro files in clude Up per Weichselian loess beds 5 m thick with
tun dra gley interbeds. Two loess beds sep a rated by three
interstadial steppe soils oc cur on an Early Weichselian
palaeosol at an other site, Mainz-Weisenau (20). The to tal
thick ness of the de pos its is 4 m. 

As re gards Aus tria, the Czech Re pub lic and Slovakia (Ta -
ble 1C), the last gla cial de pos its show that cli ma tic con di tions
were sim i lar to those in South ern Ger many. An inter gla cial
palaeosol (PK III in the Czech Re pub lic) is over lain by three
cher nozem soils, which to gether form a  soil suc ces sion marked 
as PK–II and cor re lated with OIS 5c–5a. It is over lain by Mid -
dle Weichselian loess cor re lated with OIS 3. Lu mi nes cence
ages of sam ples col lected from this loess range from 53.4 to
36.5 ka BP (Frechen et al., 1999). The palaeosol (PK I in the
Czech Re pub lic) over ly ing the loess was formed in the
Denekamp (Frechen et al., 1999); it is over lain by Up per
Weichselian loess. Lu mi nes cence ages of these de pos its range
from 29.5±1.5 to 17.1±3.0 ka BP; thus, they re fer to the first
older ac cu mu la tion stage of the Late Pleniglacial. Ac cord ing to
Frechen et al. (1999), the ac cu mu la tion rate of this loess ex -
ceeded 1 mm/year.

Hun gary’s main loess source was al lu vial sed i ments of the
Dan ube and its trib u tar ies. In the Hun gar ian Low land the lower 
part of the loess se quence, re ferred to as the Mende-Basaharc,
cor re sponds to the older part of the last gla cial. Steppe and for -
est-steppe soil ap prox i mately 2 m thick, of a Basaharc type,
formed in the BrØrup Interstadial in the in ter val 75–70 ka
(Mojski, 1993). Next a loess bed up to 10 m thick was formed.
Its ac cu mu la tion rate has been es ti mated to have been on av er -
age ca. 0.13 mm/year in the in ter val 77–45 ka BP (Frechen et
al., 1997). Such a rapid ac cu mu la tion rate is ex plained by the
abun dance of source ma te rial in the Dan ube and the Cisa River
val leys. At that time Po land and Ukraine did not ex pe ri ence
such con di tions. This was in the in ter val 45–40 ka BP when
for est-steppe cher nozem soil, that of ten con tains char coal, was
formed (the MF1 ho ri zon in Hun gary). Loess beds ac cu mu -
lated in the in ter val OIS 3–2; these are sep a rated by the h2 ho ri -
zon (Denekamp) and the h1 ho ri zon (Frechen et al. 1997,
Frechen et al., 2003).

MAR OF WESTERN AND CENTRAL
EUROPEAN LOESS

The ac cu mu la tion of Up per Weichselian loess has been
di vided into two in ter vals from 28 to 18 ka BP (Up per
Pleniglacial) and from 18 to 13 ka BP (late gla cial) (Frechen et 
al., 2003). These two stages were sep a rated by a short phase
of weaker ae olian ac tiv ity. In loess pro files this phase is of ten
rep re sented by an ini tial tun dra gleyed soil (Nassböden)
(Freising 1957; Zöller and Semmel, 2001). With re gard to the
in ter val 28–18 ka BP, MAR cal cu la tion re sults for pri mary
loess (Fig. 4) fall within the range of 100 g/m2/year and
7000 g/m2/year. The high est val ues were ob tained for ar eas
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lo cated along the Rhine River sys tem in West ern Ger many,
e.g. Wallertheim (26 — ter race, 6930 g/m2/year) and
Nussloch (21 — pla teau, 1213–6129 g/m2/year). The low est
ac cu mu la tion rate (93–450 g/m2/year) was re ported in Bel -
gium at Kesselt (2 — slope), Remicourt (3  — slope), Rocourt 
(4 — ter race), and in East ern France at Achenheim (5 —
slope). With re gard to the in ter val 18–13 ka BP, MAR val ues
(Fig. 5) fall within the range of 200 and 450 g/m2/year for ar -
eas lo cated in France along sea shores and along the Seine
banks, and are sig nif i cantly higher for ter races of the Rhine
and Dan ube, i.e. reach ing val ues of 800–1600 g/m2/year and
even of 1600–3200 g/m2/year. The low est MAR val ues were
noted in Aus tria (32 — Grubgraben), the Czech Re pub lic (28
— Dolni Vestonice) and Hun gary (41 — Paks). De tailed re -
sults are given in Fig ures 4 and 5 for both in ter vals (cited in
Frechen et al., 1997, 1999, 2003).

The above data in di cate that MAR val ues, hence the ac cu -
mu la tion rate, mark edly in creased eastwards, which, as al ready
noted, may be ex plained by the lat i tu di nal gra di ent of the
periglacial cli mate in the Late Pleniglacial that was chang ing
east ward from a mar i time cli mate (on the At lan tic coast) to a
more dry/con ti nen tal one. The cli mate-de pend ent spa tial vari a -
tion of loess ac cu mu la tion rate was also in flu enced by a re gional
fac tor, which is re flected in a clearly higher rate of loess ac cu mu -
la tion in ar eas lo cated along large river sys tems, in par tic u lar the
Rhine. This was cer tainly as so ci ated with the abun dant sup ply of 
loose, eas ily de flated sed i ment along river val ley floors. These
sed i ments were then rap idly ac cu mu lat ing from braided rivers
strongly loaded with sus pended mat ter fed by Al pine moun tain
gla cier melt wa ter. Small thick nesses of loess that ac cu mu lated
on slopes in the west ern part of Eu rope may be ex plained by lo -
cal fac tors since ac cu mu la tion was ac com pa nied by more in ten -

sive redepo sition in a more hu mid
cli mate. It may be sup posed that
slope an gle, as pect and lo ca tion in
re la tion to ma jor wind di rec tions
were im por tant fac tors. 

POLISH AND UKRAINIAN
LOESS

Pol ish loesses oc cur in the
tran si tion zone be tween west ern
Eu ro pean and east ern Eu ro pean
loesses (Maruszczak, 1991a). The 
loess of the last gla cial cy cle
(Youn ger Loess — LM) is fre -
quently fully de vel oped, with out
any hi a tuses. The most rep re sen ta -
tive loess se quence is found in the
east ern part of the South Po land
Up lands (Maruszczak, 1991b).
Four loess beds are sep a rated by
three interstadial palaeosols
(marked as Gi): the bot tom
palaeosol on the low est youn ger
loess cor re sponds to the Odderade
Interstadial (Gi/LMn), the mid dle
one on the lower LM cor re sponds
to the Glinde or Oerel interstadials
(Gi/LMd), while the top one on the 
mid dle LM is as so ci ated with the
Denekamp Interstadial (Gi/LMs)
(Maruszczak, 1985, 1991a,
2001a). The up per LM (LMg) is
the most typ i cal and uni form loess, 
of a char ac ter is tic straw-col our,
and with the high est con tent of
car bon ate. It usu ally con sti tutes
more than half of the en tire thick -
ness of youn ger loess cov ers. Typ -
i cally one, and less fre quently two
or three, gley ho ri zons are found
within it.
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Fig. 4. Mass ac cu mu la tion rates for Eu ro pean loess ac cu mu lated dur ing 
the Up per Pleniglacial pe riod (28–18 ka BP)

Data from  Frechen et al. 2003 sup ple mented by the au thors’ own re sults from Pol ish and Ukrai nian sites

Fig. 5.  Mass ac cu mu la tion rates for Eu ro pean loess ac cu mu lated in the Late Gla cial pe riod
(18–13 ka BP)

Data from Frechen et al. 2003 sup ple mented data by the au thors’ own re sults from Pol ish and Ukrai nian sites



The loess of the South Po land Up lands con sti tutes the west -
ern fron tier of Ukrai nian loess, which forms the cen tral-west -
ern part of the large loess area called the east ern Eu ro pean loess 
prov ince and con sid ered to be one of the larg est such ar eas in
the world. Ukraine has a few ar eas with ex ten sive and thick
loess cov ers in the west ern part of the coun try
(Volhynian-Podolian Up lands and East Carpathian Fore land),
in the Dnie per Val ley, and in the vi cin ity of the Black Sea
coast. In the west ern part of Ukraine loess-palaeosol se quences
of last gla cial fre quently show a com plete strati graphic pro file
and start from the bot tom with the Horohiv soil suc ces sion.
Next one may ob serve Up per Pleis to cene Loess with the
Dubno set of palaeosols and the Rivne and Krasyliv ini tial ho ri -
zons in the top loess lay ers, re ferred to as the up per bed of the
Up per Pleis to cene Loesses (Boguckyj, 1986). In terms of
lithological fea tures and thick ness, the youn gest bed is sim i lar
to the LMg in Po land. At pres ent, the loess stra tig ra phy in
West ern Ukraine is stud ied in con sid er able de tail by dis tin -
guish ing the fol low ing lay ers: inter gla cial Horohiv palaeosol
and a suc ces sion of early gla cial Kolodiiv palaeosols (OIS 5),
loess (OIS 4), loess-sep a rated Dubno 2 and Dubno 1 palaeosols 
(OIS 3), loess cor re lated with OIS 2, with the Rivne and
Krasyliv ho ri zons.  

It is dif fi cult to un am big u ously de ter mine which of these
2–3 ho ri zons of weak gleying oc cur ring in the Pol ish and
Ukrai nian loess se quences of the Up per Plenivistulian can be
dated at about 18 ka BP. It is pos si ble that in the Ukrai nian
loess pro files the Rivne ho ri zon de vel oped at that time. Traces
of the East Eu ro pean Gra vet tian set tle ment are lo cally found at
this ho ri zon (Boguckyj and £anczont, 2002, 2003; Cyrek et al., 
2005; Fedorowicz, 2006; £anczont and Boguckyj, 2007).  

The anal y sis cov ered a few loess sites from SW and SE Po -
land and one site from the west ern part of Ukraine (Ta ble 1D),
in all of which pri mary loess is found: 

— SW Po land, loess sites in the Sudeten Fore land:  Bia³y
Koœció³ — 44, Dankowice — 45, Ksiêginice Ma³e — 46;

— SE Po land, loess sites in the Carpathian Foot hills and
Fore land: Dybawka — 47, Tarnawce — 48 and Zarzecze —
49;

—  NW Ukraine, loess site in the East Carpathian Fore land: 
Halyè — 50. 

Typ i cal loess oc curs in the Sudeten Fore land, occuring as
two patches on the right-bank part of the Oder Ba sin (Jary et
al., 2004a, b). The Dankowice and Bia³y Koœció³ sites are close 
to each other (less than 5 km apart), and lie near Strzelin in the
mar ginal fore land of the Sudetes. They rep re sent a rel a tively
con tin u ous out crop that cov ers the hilly pla teau on the Ma³a
Œlêza and Os³awa interfluve; this loess may be clas si fied as pla -
teau fa cies. The Ksiêginice site is lo cated in the vi cin ity of
Sobótka far ther within the fore land of the Sudetes, ca. 25 km
NW from the above-men tioned out crops.  It rep re sents small
loess patches of slope fa cies on the Bystrzyca and Œlê¿a
interfluve (Fig. 2). 

The Dybawka and Tarnawce sites (Dynów Foot hills) rep -
re sent loess that forms a con tin u ous cover on the Pleis to cene
ter races of the San River (£anczont, 1993; Komar and
£anczont, 2002). Loess ac cu mu lated on the broad flat sur face
of the youn ger ter race (the so-called mid dle ter race) at a height
of 225 m a.s.l. in Dybawka and on the older ter race (the  “high

ter race”) at Tarnawce (250 m a.s.l.) while youn ger loess ac cu -
mu lated on slopes (Fig. 2). At Zarzecze (the Fore-Carpathian
loess pla teau) the pro file is lo cated in the side of the Mleczka
River val ley (the San Ba sin) within an ero sional/denudational
val ley (£anczont and Wojtanowicz, 2005).

The Halyè site is lo cated in the East Carpathian Fore land
in a re gion called Halyè Prydnistrov’ja. The loess ana lysed
oc curs on Pleis to cene ter race IV (290 m a.s.l.), which may be
cor re lated with the high ter race of the San in terms of age. It is
a unique site be cause it en ables eval u a tion of thick ness
changes in the youn ger loess across the ter race (the ex ca va -
tion is in a large brickyard). Loess thick ness var ies con sid er -
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T a  b l e  2

TL ages of the sam ples col lected from Pol ish and
Ukrai nian loess sites

Sam ple
Depth

[m]

Lab. No.

UG

TL age

[ka BP]

Z 1

Z 2

Z 3

DA 3

DA 4

DA 5

DA 6

DA 7

DA 8

DA 9

TA 1

TA 2

DN 1

DN 2

DN 3

DN 4

DN 5

DN 6

DN 7

BK 1

BK 2

BK 3

BK 4

KM 1

KM 2

KM 3

KM 4

KM 5

KM 6

KM 7

KM 9

KM 10

KM 11

KM 12

KM 13

H.IC.1

H.IC.2

H.IC.3

H.IC.4

H.IC.5

1.00

1.80

2.30

2.75

3.45

4.40

5.15

6.45

7.35

7.95

1.60

2.80

1.20

2.05

2.80

3.50

4.10

4.65

5.30

0.60

1.00

2.00

3.00

1.15

1.75

2.20

2.60

2.95

3.55

4.25

5.15

5.55

6.30

6.50

7.35

1.54

2.00

2.52

2.90

3.44

5706

5707

5708

5689

5690

5691

5692

5693

5694

5695

5666

5667

5883

5884

5885

5886

5887

5888

5889

5771

5772

5773

5774

5733

5734

5735

5736

5737

5738

5739

5741

4742

5743

5744

5745

5630

5631

5632

5634

5635

22.1±2.6

25.5±3.1

29.6±3.2

11.6±1.6

12.9±1.6

10.4±1.4

14.6±1.6

15.0±1.8

23.0±2.9

15.8±2.0

12.8±1.4

16.8±1.5

20.0±2.2

14.3±1.5

23.8±2.8

21.9±2.5

14.5±1.9

23.7±2.8

21.8±2.4

18.8±2.3

14.2±1.9

16.9±2.1

15.2±2.1

 8.3±1.1

15.0±2.2

13.0±2.1

12.6±2.1

13.7±2.3

12.0±2.2

14.9±2.3

15.8±2.5

15.8±2.5

17.4±2.6

40.8±5.3

10.9±1.7

17.4±2.6

19.0±2.9

20.8±3.4

21.8±3.5

26.4±4.0

Z — Zarzecze, DA — Dybawka, TA — Tarnawce, DN —
Dankowice, BK — Bia³y Koœció³, KM — Ksiêginice Ma³e, 
H.IC — Halyè (IC ar chae o log i cal site); lab o ra tory sym bol:
UG — Gdañsk Uni ver sity



ably on this ter race, from 10 m to ca. 3 m over a dis tance of
0.5 km. The loess clearly cov ers and masks an older, var ied
Eemian re lief on the sur face of ter race IV. The pro file ex am -
ined is as so ci ated with a pos i tive el e ment of this for mer re lief
and the loess has its min i mum thick ness here (£anczont and
Boguckyj, 2002).

MAR OF POLISH 
AND UKRAINIAN LOESS

The MAR was cal cu lated for loess from the youn ger part of 
the Pleniglacial of the last gla cial (Up per Plenivistulian), i.e.
OIS 2. All TL ages were ob tained by Fedorowicz (Ta ble 2)
(Fedorowicz, 2006). The LMg ac cu mu la tion rate in Po land has
been es ti mated at ca. 0.5 mm/year, and at 0.8–1.0 mm/year in
the phase of most rapid ac cu mu la tion (Maruszczak, 1991b,
2001b). The loess was de pos ited gen er ally con tin u ously with a
clearly de fined in ter rup tion be tween 18 and 17 ka BP.

With ref er ence to west ern Eu ro pean re sults, we also con -
sid ered two depositional in ter vals: the first/older one from 28
to 18 ka BP and the sec ond/youn ger one from 18 to 13 ka BP.
MAR ac cu mu la tion rates were cal cu lated sep a rately for each
in ter val (Ta ble 3). 

The loess dust ac cu mu la tion rate (AR in the Kohfeld and
Har ri son for mula) spec i fied by Maruszczak (1991a), which
amounts on av er age to ca. 0.5 mm/year, cor re sponds to a MAR
of 830 g/m2/year. The MAR double when the ac cu mu la tion
rate was in the high est. 

MAR val ues ob tained for the sites range from ca. 200 to
more than 3 000 g/m2/year. The Dankowice loess yields the
low est value (215 g/m2/year); the Tarnawce and Zarzecze
loesses have very sim i lar val ues rang ing from 473 to
495 g/m2/year. The MAR val ues of Ksiêginice and Dybawka
loess are also very sim i lar (1 084–1 100 g/m2/year). The Bia³y

Koœció³ loess has a MAR value three times higher. At Halyè,
where loess ac cu mu lated from 26.4 ka to 17.4 BP, the MAR
value reaches 193 g/m2/year in the lower part and
473 g/m2/year in the up per part of the pro file. The lat ter is sim i -
lar to the MARs ob tained for Tarnawce and Zarzecze. 

It may be de duced from the TL ages ob tained for the
Sudeten Fore land pro files that at two dis tant sites (Bia³y
Koœció³ and Ksiêginice Ma³e) loess mainly ac cu mu lated in the
sec ond/youn ger time in ter val and that this pro cess was very fast 
(the MAR is 1100 and 3300 g/m2/year). How ever, in re spect of
the third site at Dankowice, which is lo cated near Bia³y
Koœció³, ac cu mu la tion was very slow (215 g/m2/year) and took
place in both time in ter vals (Ta ble 3). 

The dis tance be tween the Dybawka and Tarnawce sites in
the Carpathian Fore land is small (ca. 1 km) as is that be tween the
sites near Strzelin in the Sudeten Fore land. There is ev i dence of
loess ac cu mu la tion in the sec ond/youn ger time in ter val; how -
ever, the Dybawka MAR was twice as high as the Tarnawce
MAR. The for mer site is lo cated nearer the val ley bot tom than
the lat ter site and the sites also dif fer as re gards the topofacies of
ac cu mu lated loess (ter race topofacies and slope topofacies, re -
spec tively). In re spect of Zarzecze, it seems that LMg ac cu mu la -
tion took place only in the first/older time in ter val; its rate was
not high and was sim i lar to the Tarnawce value. At Halyè, loess
sed i men ta tion took place at a sim i lar time (first/older in ter val)
and at a sim i lar rate to that at Zarzecze. 

TL and OSL ages were ob tained for the same sam ples from
four sites: Dankowice, Dybawka, Tarnawce and Halyè
(Fedorowicz, 2006). The ages, which were ob tained for the
same sam ples with us ing lu mi nes cence meth ods (TL and
OSL), in di rectly pro vide in for ma tion about the pe riod of grain
ex po sure to sun light dur ing de po si tion. Grain ex po sure to sun -
light for a few hours leads to fast ze ro ing of the OSL sig nal and
a slower re duc tion of the TL sig nal. Short ex po sure (even for a
few sec onds) leads to OSL ze ro ing and only a slight re duc tion
of the TL sig nal. There fore, sim i lar TL and OSL dat ing re sults

point to long ex po sure of the grains
un der anal y sis; when TL dates are
older than OSL dates, it means that
the ex po sure time was shorter. The
sam ples from the first three sites
show very sim i lar or even iden ti cal
TL and OSL ages (Ta ble 3). It is
only at the Halyè site where TL ages 
are older than OSL ages
(Fedorowicz, 2006). 

The Pol ish sites in the Sudeten
Fore land and the Ukrai nian site are
sit u ated at ca. 500 km apart. At this
dis tance the vari a tion in LMg loess
thick ness is not very large (Ta ble
1D) and does not show any di rect
re la tion to the geo graphic zone (and
the palaeoclimatic gra di ent). The
larg est loess thick ness, up to 6 m,
was ob served at Dankowice,
Ksiêginice Ma³e and Dybawka
while the small est one of ca. 2 m is
at Tarnawce and Zarzecze. Halyè
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T a  b l e  3

Mass of ac cu mu lated LMg loess [g/m2/year] at the Pol ish and Ukrai nian sites

No.
Site Geo graph ical

co or di nates

Range of TL ages (ka BP) 

ob tained for OIS 2 loess 

against the Vistulian loess

MAR (g/m2/year)

TL OSL

44 Bia³y Koœció³
ë=17°01’30’’E 

ö=50°43’35’’N
18.8–14.2

82.6–14.2
3 300 nd

45 Dankowice
ë=17°00’40’’E,

 ö=50°43’15’’N
23.8–14.3

63.5–14.3
215 199

46 Ksiêginice Ma³e
ë=16°45’15’’E

ö=50°51’40’’N
15.0–8.3

63.8–8.3
1 100 nd

47 Dybawka
ë=22°41’20”E

ö=49°47’15’’N
15.8–10.3

76.4–10.3
1 084 1 188

48 Tarnawce
ë=22°41’06’’E

ö=49°47’40’’N
16.8–12.8

82.6–12.8
495 495

49 Zarzecze
ë=22°32’05’’E

ö=49°59’50’’N
25.5–22.1

72.4–22.1
485 nd

50 Halyè
ë=24°12’12’’E

ö=49°01’51’’N
26.4–17.4

26.4–17.4
473 272

nd — means that OSL dat ing was not car ried out



con tains ev i dence of large thick ness vari a tion in the youn gest
lay ers within the same re lief form (ter race).

The thick ness of LMg loess cov ers and con se quently
MAR val ues have there fore been af fected by re gional and by
strictly lo cal con di tions. These cre ated a com bi na tion of fac -
tors that en cour aged or hin dered sed i ment ac cu mu la tion,
which re sulted in the large vari a tions in ac cu mu la tion val ues
ob served. Be sides the re lief (slope an gle and ex po sure), the
prox im ity of po ten tial source ar eas, and the loess-form ing
wind di rec tion, these fac tors should also in clude the sup port -
ive role of orographic mod i fi ca tion of winds (e.g. the tun nel
ef fect), and the rel a tive height of de po si tion above the val ley
bot tom (ver ti cal ex tent of ac cu mu la tion) if the lat ter was the
main “pro ducer” of min eral mass.

FINAL REMARKS

The east ward growth of loess cover con ti nu ity and thick -
ness in Eu rope is a gen eral pat tern caused by the for mer
east-west cli mate gra di ent (Maruszczak, 1991a); how ever, this
was mod i fied by a com plex in ter re la tion of lo cal fac tors. These
led to large dif fer ences in the thick ness of loess lay ers of the
same age even within one out crop. These fac tors in cluded the
abun dance of ma te rial from lo cal source ar eas, mor pho log i cal
con di tions, in clud ing di rect subloess re lief, and orographic
con di tions, no ta bly the ori en ta tion in re la tion to loess-form ing
wind di rec tions. The main di rec tion of loess-form ing winds in
the ex ten sive fore land of the Sudetes and the Carpathians in the 
youn ger depositional in ter val is gen er ally as so ci ated from the
WNW with a lo cal com po nent from the SW in the Halyè
Dniester Ba sin (Chlebowski et al., 2004, Nawrocki et al.,
2006). As early as in the 19th cen tury Rehman (1891) pro posed 
that loesses in the south ern part of the Sandomierz Ba sin ac cu -
mu lated from north-west erly winds. 

Both di rectly af ter ac cu mu la tion and/or sub se quently (in
par tic u lar dur ing the dis ap pear ance of per ma frost) slope pro -
cesses de vel oped un der new cli ma tic con di tions. Their im pact
on the loess cover de pended on slope in cli na tion and as pect. As 
a re sult, the MAR dis tri bu tion is un even, dif fer ing be tween the

two tem po ral ranges: 28–18 ka BP (Fig. 4) and 18–13 ka BP
(Fig. 5). The MAR dis tri bu tion in a N–S di rec tion in di cates its
large range in west ern Eu rope (Frechen et al., 2003). How ever,
the most east ward sites (39, 40, 46, 47, 48, 49, and 50) show a
con sis tent pat tern were the MAR value was sta ble at a rel a -
tively low level from sev eral hun dred to more than one thou -
sand g/m2/year. The MAR sta bil ity per tains to both time in ter -
vals in this part of Eu rope.

The MAR val ues os cil late be tween 100 and sev eral thou -
sand g/m2/year. The set of MAR val ues do not show a clearer
ar range ment that would al low the au thors to de ter mine cer tain
spa tial reg u lar i ties. Sites where MAR val ues were re ported as
high in the first in ter val and small in the sec ond in ter val may be
ad ja cent to sites where these re la tions are re versed. In most
cases the sites con tain de pos its from only one of the
depositional in ter vals dis tin guished by Frechen et al. (2003).
Only in five cases (sites 12, 14, 32, 28 and 44) was there iden ti -
fied loess whose lu mi nes cence ages fall within the two in ter -
vals (Figs. 4 and 5). 

Lu mi nes cence ages ob tained from sam ples of loess that
cor re late with OIS 2 in Po land and Ukraine, form se quence of
val ues from 26.4 ka BP to sev eral thou sand years. Some of
these be long to the older in ter val of loess ac cu mu la tion that
took place from 28 to 18 ka BP, e.g. in Zarzecze or Halyè.
This may mean that de po si tion was lo cally slower in the youn -
ger ac cu mu la tion phase; how ever, at these very sites (in par -
tic u lar at Zarzecze) one can not ex clude the pos si bil ity that the 
youn gest lay ers have been par tially mod i fied by postglacial
changes.  In some pro files (e.g. at Dankowice) the loess ages
ob tained fall within both in ter vals. The ages ob tained for the
re main ing pro files (e.g. Ksiêginice Ma³e, Dybawka) may be
al lo cated to the sec ond/youn ger in ter val of loess ac cu mu la -
tion that oc curred from 18 to 13 ka BP. 
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