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ABSTRACT

The development of conceptions on the stratigraphy of loesses in Poland was
discussed with particular consideration of a correlation with the glacial cycles.
Against this background, the newest version of the stratigraphic scheme was
presented. This version takes into consideration the latest paleomagnetic investiga-
tions and datings by the radiocarbon and thermoluminescence methods. This
scheme was correlated with corresponding elaborations for loesses in West and
East Europe. There are distinguished: a) residua of weathered oldest loesses (LN)
from the periods previous to the Mazovian=Holsteinian—>Mindel/Riss Interglacial;
b) older loesses (LS) dated for 310/300—135/130 ka BP, from the periods of the
Odranian and Wartanian glaciations=Saalian I and II—->Riss I and II, which were
correlated with 180 stages of deep-sea deposits: 8—7—86; c) younger loesses (LM),
dated for 100—15/12 ka BP, from period of the Vistulian—Wiirm glaciations, which
was correlated with 80 stages: 5—4—3—2. Paleogeographic analysis of these units
of the first and also of second rank was carried out mainly on the basis of the
results of lithologic and paleopedologic investigations of loesses and cryogenic
structures occuring within them. An analysis of LM proves that their deposition
with many breaks took place, i.e. as a result of extreme events mainly. Stages
of the development of permafrost, and also the average deposition rate of LM
and its changes in the glacial cycle were determined; indices of LM thickness and

of the deposition rate were compared with those determined for other Eurasia
regions.

* This work was partially financed by the Committee of Quaternary Re-

searche of the Polish Academy of Sciences. This grant was designed for datings
of loess samples.
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This paper deals with proper loesses, i.e. without loess-like deposits
of various origin. Therefore, only those silt deposits were taken into
consideration, in the formation of which eolian factor played a signi-
ficant role. To avoid any doubts such deposits can be defined as typical
(proper) loesses.

Typical loesses occur only in the southern part of Poland. They form
abundant patches, at least several metres thick, groupped mainly in
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Fig. 1. Distribution of loesses in Poland (according to H. Maruszczak 1976, partly
supplemented) and limits of the Saalian and Vistulian inland ice
1 — covers of proper lvesses thicker than 2—3 m and characterized by a specific
relief; 2 — covers of silty and clayey periglacial deposits with thin patches of
eolian loesses which in some places are geomorphologically unrecognizable; 3 —
boundaries of mountainous areas; 4 — limits of the maximum extent of inland
ice of the Saalian glaciations: O — Odranian (Saalian 1), W — Wartanian (Saalian
II); 5 — limits of inland ice of the Vistulian glaciation: L — Leszno=Brandenburg
stage (maximum), Pz — Poznan=Frankfurt stage, Pm — Pomeranian stage
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three regions of the South-Polish Uplands: Lublin, Sandomierz and Kra-
kow. Outside these uplands, the loesses are noted in the forelands of the
Carpathian and Sudety Mts (Fig. 1).

The patches are composed of beds of different age, among which the
younger loesses of the Vistulian predominate. The older loesses (Saalian)
and the oldest ones (Elsterian) are usually covered by them, occupy
smaller areas and are not so thick. Therefore, geological maps present
mainly the distribution of the Vistulian loesses. Extents of these loesses
are almost the same as of the primary ones formed as a result of accu-
mulation; this is suggested by geological and geomorphological investi-
gations. It makes then the basis for a paleographic interpretation of
these extents, especially from the point of view of sedimentary environ-

ment of loessy silt during the last glaciation (H. Maruszczak 1969b,
1980a).

The distribution of typical loesses in southern Poland proves many
regularities. They are connected mainly with a hypsometric level of 200—
350 m, and their thickness decreases in the direction of the upper limit
of this level. From the point of view of paleogeography more important
is the fact that the thickness and largeness of loessy patches increase
from west eastwards. The maximum total thickness of all loesses of
different age is about 10 m in the west and increases to 40 m in the
east. This differentiation is less distinct if only the Vistulian loesses are
analyzed — their maximum thickness in the west reaches 9 m and 22 m
in the east. Accordingly, the presence of loesses in the landscape is more
distinct in the east than in the west. From this point of view the loesses
of eastern Poland are very similar to the vast loessy regions of south-
-eastern Europe, whereas those in western Poland to the loessy regions
of western Europe. With respect to these regularities, the most important
for stratigraphical and paleogeographical investigations are the loess pro-
files which occur in south-eastern Poland (Fig. 2).

DEVELOPMENT OF STRATIGRAPHICAL CONCEPTIONS
DURING THE LAST HUNDRED YEARS

Discussions on stratigraphy and paleogeography of Polish loesses were
initiated a hundred years ago. After the idea of continental glaciations
had been established, this subject was undertaken at first by W. Nal-
kowski (1887) and J. Siemiradzki (1888). They both considered
loess as interglacial deposits; the former connected it with the last inter-
glacial whereas the latter with the interglacial separating two glaciations
in the Polish territory. Substantial data on loesses had not been collected

2 Annales, sectio B, t. XLI



18 Henryk Maruszczak

Fig. 2. Distribution of loess profiles in south Poland
1—4 explanation see Fig. 1; 5 — location of the main sections: H — Horodlo, J —
Jarostaw, K — Komaréw Gorny, L. — Latyczow, L. — Lopatki, N — Nieledew,
No — Nietulisko Male, O — Obrowiec, Od — Odonéw, S — Sandomierz, Sz —
Szczyglice, W — Wozuczyn, Wa — Wachock, Z — Zlota, Zw — Krakow-Zwierzyniec

until starting the work on the Geological Atlas of Galicia 1 :75 0000.
Amongst the geologists engaged in this large collective work, most
attention to loesses seems to have been paid by A. M. Lomnick i (1895,
1897, 1898). According to the opinions of this author, loesses could be
divided into two beds of various ages. The older, distinctly stratified
loesses with molluscs remains were connected with the middle stage of
the diluvial period. The younger, typical eolian non-stratified loesses were
considered as steppe-period deposits of the upper diluvial stage (A. M.
Lomnicki 1898).

Several years later a paper of N. I. Krishtafovitch (1902) was
published; it contained among other things a very profound study of
the loesses in the Lublin Upland. He distinguished in that area also two
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loesses of different ages. The older were located in his scheme under
the till of Glaciation II (named the Saxonian — the equivalent of the
present Elsterian). The younger, considerably better preserved and ty-
pical loesses were expected to have been deposited during the inter-
glacial after Glaciation Il and during Glaciation III (Polandian —
Mecklemburgian, i.e. the equivalent of the present Saalian).

In the mentioned as well as in many other papers of this early period,
the stratigraphy of loesses was defined on the basis of an analysis of
their relation to glacial, glacifluvial and fluvial deposits. S. Lence-
wicz (1916) was the first who pointed out that the inter-loessy paleo-
sols can be used as a criterion to distinguish the beds of different ages.
However, he did not use this criterion extensively due to the lack of
real data. In spite of noticing the inter-loessy paleosols, S. Lencewicz
did not put forward univocally a connection of the loess deposition with
either interglacials or glaciations. A distinct connection of deposition of
loesses was already noted in the papers of Lr. Sawicki (1922) and
J.Samsonowicz (1924).

Not until the thirties, stratigraphy of loesses was significantly based
on paleopedological criteria. They were fully and consistently applied by
Lk. Sawicki (1932), the author of the first Polish study especially
sacrificed to stratigraphy of loesses. Basing on investigations of paleosols
and archeological facts, he distinguished in the Sandomierz area the older
loesses (LR II) connected with the second advance of the Riss ice sheet,
as well as lower and upper younger loesses (L I and L II), corresponding
with two earlier advances of the Wiirm ice sheet (W; and Wy,).

In all later works a criterion of paleosols was accepted as the basic
one in studies on stratigraphy of loesses. During the fifties this criterion
was used to distinguish only the deposits that corresponded with the last
glaciation or with several partial” glaciations referred to the Wiirm
period. Thus, only the eolian lower and upper loesses were distinguished
(A. Jahn 1950, 1956), or older loesses and lower and upper younger
loesses (W. Pozaryski 1953). Older loessy beds, not representing the
typical subaerial loesses were still distinguished on the basis of analysis
of their relation to glacial deposits.

During the sixties the studies on paleosols allowed to distinguish
usually four loesses of different age: one from the last but one glaciation
(Riss) and three from the last glaciation (Wiirm). In papers of that time
a careful attention was paid to a typological variability of soils, corres-
ponding to interglacials and interstadials (J. E. Mojski 1961, 1965b,
J. Jersak 1965, 1969). Then the most important results on Poland’s
scale were those of J. E. Mojski for the Hrubieszow area. A particular
attention was paid by him to the section at Nieledew, studied previously
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by many authors and known in foreign papers (J. E. Mo jski 1965a,
1969). During the seventies two interglacial soils of various age were
distinguished, and thus the loessy beds representing three glacial cycles
of various age, respectively. Taking the interstadial soils into account,
the number of stratigraphic units of the lower rank increased at that
time to 5—6 (J. Jersak 1973) or 8—9 (H. Maruszczak 1976,
1980b).

The newest schemes distinguish the following stratigraphic units of

loesses correlated with large glacial cycles (H. Maruszczak and
J.Butrym 1984):

1. Oldest loesses LN (Elsterian). They are weathered silty-clayey
deposits, the stratigraphy and origin of which cannot be univocally de-
fined. Their top layers form the substrate of a well developed inter-
glacial soil.

2. Older loesses LS (Saalian). They are already much better pre-
served, with layers of non-weathered loesses. Amidst them, there are
2—3 distinct soils of interstadial rank that divide the loesses into: lowest
(LSn), lower (LSd), middle (LSs) and upper (LSg) ones. Inside the least
transformed, carbonate upper older loesses there are beds of poorly de-
veloped interstadial soils and soil sediments. They allow us to divide LSg
into 3—4 stratigraphic horizons. The top LSg layers form the substrate
of a well developed interglacial soil, known from many exposures.

3. Younger loesses LM (Vistulian). The best preserved typical loesses,
only slightly transformed by weathering processes. They comprise three
interstadial soils that divide them into: lowest (LMn), lower (LMd),

middle (LMs) and upper (LMg) loesses. Top layers of LMg form the
substrate of the Holocene, recent soils.

CORRELATION OF LOESSES WITH GLACIAL CYCLES

In older papers the deposition of loesses was usually correlated with
final phases of glaciations and with interglacials. It was Lk. Sawicki
(1932) who stated on the basis of detailed analyses of numerous loess
sections that the deposition of loesses was much longer. He supposed it
to have generally occurred in three phases during every glacial cycle.
The first and the third phases (ice sheet advance and retreat) are re-
presented by a deposition of stratified deluvial and solifluction loesses.
On the other hand the second phase, i.e. the maximum extent of an ice
sheet, corresponded with the formation of typical eolian loesses.

More detailed considerations of the correlation of loesses with a
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glacial cycle are presented by A. Jahn (1950, 1956). He stated that
a proper genetic approach to loess types and their separation from other
periglacial deposits required studies on the cyclicity of deposition.
According to this author, "a cycle of loess accumulation” occurred mainly
during the maximum extent and retreat of the ice sheet (A. Jahn 1956,
p. 448). At the same time he paid a particular attention to the second
part of the loessy cycle when a role of the eolian factor decreased. In
such a situation, a secondary solifluction and deluvial accumulation could
develop on a larger scale, especially on cooler slopes. A strong emphasis
put on the role of loess deposition during the retreat phases of a glacia-
tion makes the idea of A. Jahn different from other earlier and later
presented opinions known from the European literature.

A possible reference of the upper layers of younger loesses to the
retreat phases of the Vistulian ice sheet was decidedly opposed by S.
Z.Rézycki (1961, 1972). Amidst the beds of younger loesses, he
referred the lower ones (together with two paleosols) to steppe-tundra
coolings that preceded the advance of the ice sheet into the territory of
Poland. Only the upper bed of younger loesses was connected by him
with the ice sheet advance, the maximum extent of which occurred
during the Leszno Stage (about 20 ka BP). Thus, unlike A. Jahn, S. Z.
Rézycki underlined a particular role of accumulation during older phases
of the glacial cycle. It was expressed in his stratigraphic subdivision of
the last glaciation in Poland: he distinguished three older loessy”

stadials and only two younger as the "glacial” ones (S. Z. Rézycki
1972).

Another approach to the cyclicity of loesses was presented lately by
J.Jersak (1977). He took into account not only the processes of loess
accumulation but also of their degradation and particularly, weathering
and pedogenetic transformations. Therefore, this approach to cyeclicity
was similar to that presented earlier by J. Kukla (1969). Here we
rather see ’a cycle of development of a loessy cover” than the cycle of
loess deposition. Such a cycle is divided by J. Jersak into two parts.
During the first one (A), corresponding with the climax, i.e. pleniglacial
phases, aggradation prevailed. The second one (B) that comprised the
final phases of a glaciation with interglacials and the initial phases of
the next glaciation, the degradation was the principal process. Therefore,
this cycle is of the paleogeographic or even, paleopedologic type and does
not correspond with stratigraphic cycles of glacial or periglacial de-
position during the glaciations.

At the paleogeographic (paleopedologic) approach to the loessy cycle,
a full evolution of events in Poland cannot be reconstructed by the last
cycle. The older loesses are more poorly preserved and so, have not been
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sufficiently investigated; for this reason they cannot be univocally in-
terpreted. Investigations have proved that they represented a single de-
positional cycle (H. Maruszczak 1980b, H. Maruszczak et al
1984), but the results of the most recent TL datings indicate the two
probable cycles to be recorded. None of them has enough data for a valid
reconstruction. Both the older cycles are expected to have not been de-
veloped in full as the younger, i.e. the last cycle. Thus, the older loesses
should be, at least for the time being, described from the point of view
of sedimentologic cyclicity rather than in a paleogeographic way.

FOUNDATIONS OF LOESS CHRONOLOGY IN POLAND

The earliest attempts of loess datings were undertaken on the basis
of geologic and geomorphologic criteria. A. Jahn (1956) connected the
deposition of younger loesses with the Pleniglacial, during the Late
Glacial, at the end of accumulation, only secondary loesses and loessy
deluvia were formed. According to H. Maruszczak (1961) a
complex analysis of the loessy relief suggested that the deposition
of a primary eolian loess has still occurred during the Late Glacial,
the Middle Dryas inclusive. In the Alleréd, i.e. about 12 ka BP,
the loessy covers started already to be cut by erosion and denudation
(dry erosive-denudation valleys). Similar conclusions were drawn from
investigations of bones found in the upper beds of younger loesses.
Datings of these remains made by the FCI/P/Coll method in the sixties
and seventies by dr. Tadeusz Wysoczanski-Minkowicz from the Labora-
tory of Quaternary Geology, Polish Academy of Sciences, proved their
age of about 15—16 ka BP (H. Maruszczak 1976, 1980a). Thus, these
results corresponded in general with radiocarbon datings of bone re-
mains and charcoal pieces from the upper beds of younger loesses in
the neighbouring countries (J. Kukla 1969, M. Pécsi et al. 1977,
A.A. Velichko and T.D. Morozova 1975).

In the seventies the radiocarbon datings of older beds were done, i.e.
of middle and lower younger loesses (K. Mamakowa and A. Sro-
don 1977, J.Wojtanowicz and J. Buraczynski 1978, H. M a-
ruszczak 1980a). As these datings were based on analyses of humus
acids, various doubts arose. It was particularly found that age sequences
are sometimes opposite to the location of samples in the studied sections.
These facts proved that the humus of paleosols should have been "reju-
venated” after their formation, due to filtration of fresh humus acids
during the Holocene (K. Mamakowa and A. Srodon 1977). For
this reason, studies of older beds of loesses were still based mainly on
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datings of bone remains by the FCl/P/Coll method and more recently, on
results of paleomagnetic investigations done in the seventies (P. T u-
cholka 1977). Particularly the reversed polarity (Blake event) in the
lowest beds of the younger loesses enabled to date the beginning of their
deposition for 110—100 ka BP. Similarly, symptoms of reverse polarity

Table 1. Stratigraphic subdivision of the loesses in Poland
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(Chegan event) in lowest beds uf older loesses enabled to define the
beginning of their deposition for about 280 ka BP (H. Maruszczak
1980a, b).

In the seventies and eighties, datings of numerous loess samples were
done by the thermoluminescence method (TL). The analyses needed for
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such datings are done by dr. Jerzy Butrym from the Department of Phy-
sical Geography, Maria Curie-Skiodowska University of Lublin. The re-
sults are compared with those from other laboratories. Therefore, the
analyses of 20 samples collected together proved a significant con-
currence with the results of the Institute of Geological Sciences,
Ukrainian Academy of Sciences of Kiev (V. N. Shelkoplyas et al
1985). On the other hand, they are much different from the results of the
laboratory of the Cambridge University (A. G. Wintle 1981). It should
be underlined that in the laboratories of Lublin and Kiev, the coarser
grain fractions of loesses are analyzed. Whereas in the Cambridge labo-
ratory a finer grain size is analyzed. Thus the differences are expected
to result from the analyzed grain size of loesses. Other possible reasons
for these differences can be concluded on the basis of two papers pre-
senting the methodical problems connected with TL datings (J. Butrym
1985, H. Proszynska-Bordas 1985).

Datings of younger and older loess beds of various age by TL method
in the laboratory of Lublin are similar to the results by other methods
and also to paleomagnetic analyses of loesses and other Pleistocene de-
posits studied in other European regions. It is proved by the published
data (J. Butrym and H. Maruszczak 1984, H. Maruszczak
and J. Butrym 1984, H Maruszczak et al. 1984). For this reason,
the limiting of the time intervals for stratigraphic horizons of Polish
loesses (Table 1, Fig. 3), presented in the following chapter is first of
all based on TL datings from Lublin laboratory.

DESCRIPTION OF PRINCIPAL LITHOSTRATIGRAPHIC UNITS
OLDEST LOESSES LN (AGE OVER 350—300 ka BP)

Sediments of this age are known up to now only in highly weathered
forms. Therefore, they cannot be easily defined from genetic and stra-
tigraphic points of view. They have been subjected not only to strong
weathering during a long period but also to degradation. The intensity
of the latter was high as during the Sanian (=Elsterian II) glaciation
almost the whole loessy zone of southern Poland was within the ice
sheet extents and still a considerable part of it during the Odranian
(=Saalian I) glaciation (Fig. 1). In some older papers this unit was
distinguished, at least partially, as "submorainic” or “intermorainic”
loesses.

Interglacial soil formed on oldest loesses GJ3a/LN.
The TL age of this soil is 330-—310 ka BP. Much the same, 350—320 ka
BP, was defined by the K/Ar method the age of the interloessy soil of
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the Ariendorf Interglacial from Kirlich section in Rhineland (K. Brun-
nacker et al. 1982). Hungarian travertines of the Holsteinian Inter-
glacial were dated by the Th/U method for more than 300 ka BP (G.
J.Hennig et al. 1983). Similarly, by the Th/U method, was defined
the age of interglacial calcite speleothem in North America: in Rocky
Mountains for approximately 350 and for 320—275 ka BP (R. S. Har-
mon et al, 1977), and in Minnesota for 290—270 ka BP (R. S. Live-
ly 1983).

Until now, soils of this age were investigated only in Nieledew, Orze-
chowce, Wozuczyn and possibly Kolonia Zadebce sections, which are
situated outside the maximum extent of the Saalian I (=Odranian)
glaciation. It is a leached brown soil or lessivé soil with distinct and
abundant symptoms of a pseudogley type. A degree of its development
cannot be easily defined on the basis of paleopedologic criteria as, among
others, its parent deposits are intensively weathered. Investigations of
clay minerals seem to suggest that its development is less far advanced
than the youngest interglacial soil, i.e. of the Eemian age. Most probably
it has been ”stopped” in the development stage of a leached brown soil
(K. Konecka-Betley and H. Maruszczak 1986). In B ho-
rizons of this soil there are distinct epigenetic pseudomorphs of the small
ice lenses structures typical for a permafrost. A chronologic position of
this soil, best defined at Nieledew on the basis of TL datings (Fig. 4)
and paleomagnetic investigations, proves it to have been developed
during the last considerable warming of the long-lasting Mazovian
(= Elsterian/Saalian=Holsteinian=Likhvinian) Interglacial (Table 1). In
the neighbouring European regions there are well developed interglacial-
-rank soils that represent probably the older warmings during this in-
terglacial (GJ3b, GJ3c, GJ3d). TL datings of the Lublin laboratory (so
comparable with one another) allow to expect that the successive older
soils of this interglacial occur at Krukienice in the Ukraine, near PreSov
in Slovakia and the PD, soil at Paks in Hungary (H. Maruszczak
and J. Butrym 1984). Thus, the Mazovian Interglacial seems to have
been a polycyclic interval from a paleopedologic point of view as well
as from a variability of organic deposit units (S. Z. Rézycki 1961,
1972). The polycyclic Mazovian Interglacial defined in this way cor-

responds to oxygen isotope stages from 11 to 9 (N. J. Shackleton
and N. D.Opdyke 1973).

OLDER LOESSES LS (310/300—135/130 ka BP)

They are much better preserved and considerably varying in their
lithostratigraphy. As the interglacial-rank soil has been lately found
within them, they can be considered to represent probably the two glacial
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cycles (Odranian=Saalian I and Wartanian==Saalian II) in southern
Poland.

Lowest older loess LSn (310/300—280/270 ka BP). It is not
very thick but is weathered and highly clayey with numerous gleyfica-
tion symptoms. It contains many secondary carbonates, particularly as
very large concretions (Nieledew). These beds at Nieledew were found
to contain a reverse magnetic polarity of the Chegan event (Fig. 3).

Weathering-soil bed sg-Gi/LSn (280—270 ka BP). It is com-
posed of layers with symptoms of poor pedogenesis, locally passing into
an initial gley soil of the type (Ag)-(Bg).

Lower older loess LSd (280/270—260/255 ka BP). It is usually
weathered but less and with weaker gleyfication symptoms. There are
secondary carbonates, mainly as rhizocoles and fine concretions.

Interstadial soil Gi/LSd (260—255 ka BP). Poorly developed
gley soil or chernozem-like soil (initial chernozem of Nieledew — Fig. 4).

Middle older loess LSs (255—230/225 ka BP). It occurs as
the typical non-weathered or weathered loess, with various forms of
secondary carbonates (pseudomyceliums, rhizocoles). Their considerable
part is influenced by the later pedogenesis.

Interglacial-type soildeveloped on middle older
loess GJ2/LSs. The TL age of this soil is 235—225 ka BP. The same
age, 1.e. 228 ka BP was proved by the Th/U method for travertines from
Bilzingsleben referred to the Riigen Interglacial (J. Gtazek et al.
1980). By the Th/U method was also defined the age of Hungarian tra-
vertines for about 200 ka BP, which corresponds with the last but one
interglacial (G. J. Hennig et al. 1983), and the age of calcite spe-
leothem in North America for 235—185 (R. S. Harmon et al. 1977)
or for 240—220 ka BP (R.S.Lively 1983).

In previous papers of H. Maruszczak (1980), the less developed
interstadial-rank soils were related to this period. The TL datings of
loesses from Lopatki (Fig. 7), Orzechowce (Fig. 5) and Odonéw sections,
as well as field works at Obrowiec (L. Doleck i 1985a) and at Szczy-

I — oxygen isotope stages; II — paleomagnetic events diagram compiled only with
regard to the results of studies of the Polish loesses; Il — loesses stratigraphy
scheme; IV — interloess cryogenic structures of the fissure types (' V) and ice wedge
types (V): upper part of the signatures approximately designate full growth period
of structures and their lower parts — age of the oldest layers which reach these
structures. Letter symbols of stratigraphic units of loesses: L — loess, M —
younger, S — older, N — oldest, g — upper, s — middle, d — lower, n — lowest.
Letter symbols of soil units: G — soil, H — recent (Holocene), J — fossil inter-
glacial soil, i — fossil interstadial soil, sg — soil sediments, g — symptoms of the
development of pedogenesis
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glice (J. Rutkowski and Z. Snieszko 1985) proved that besides
such soils there also more developed ones. Among the latter there are
three principal genetic horizons of forest soils, usually of a leached brown
type. In their B horizons there also pseudomorphs of small ice lenses
structures connected with permafrost. Investigations of larger exposures
indicate that the more advanced forest soils formed a mosaic pattern with
less developed bi-horizon soils. Among the latter degraded (leached) cher-
nozem with specific, "breided” or 'tongue-like’” pseudomorphs of the con-
tractional crack structures are distinguished (Fig. 4) *. It is not unlikely
that the more advanced, i.e. three-horizon soils occur only on some relief
elements, particularly on slopes with southern exposition. Thus, it seems
that a typical environment of temperate forests has not been fully de-
veloped in southern Poland. Was it then the too short period or quite
a cool one? Therefore, this interglacial was "incomplete” as if an
embryonic one (cool interglacial?). Just this feature can be undoubtedly
the explanation for numerous controversies and a discussion for dozens
of years on the stratigraphic rank of the interval between the Saalian I
and the Saalian II. In the stratigraphic horizon of the Saalian I/Saalian
II, interstadials or interglacials have been therefore distinguished. More
and more numerous papers have appeared lately in which this interval
is considered for the interglacial: Lublin=0dranian/Wartanian (A. Sr o-
don 1969, S. Z. R6zycki 1980); Treenian=Drenthanian/Warthanian
documented particularly on the basis of paleopedologic criteria (H.
Stremme 1982); Odintsovian= Dnieprian/Moscovian (N. S. Cebot a-
reva 1982). This embryonic interglacial corresponds to the oxygen

isotope stage 7 (probably the substage 7a or 7c, with regard to the applied
subdivision into three or five parts).

Earliest upper older loess LSg4 (225—200/195 ka BP). It
forms a thin weathered clayey gleyed bed, locally in the lower part with
secondary carbonates as small or big (e.g. Odonéw) concretions. In the
Orzechowce section these layers record a very short-lasting reverse po-
larity (Jamaica?) event or excursion.

* J. A Liverovskiy (1974) named these recent soils as "tongue cherno-

zems”. After his data they occur especially in the forest-steppe zone of the western
Siberia and the steppe zone of the Siberia-Kazakhstan borderland. The fissure-
-tongue structures themselves are connected with an intesive summer drying and
strong winter freezing.

Fig. 4. Thermoluminescence chronology of the younger and older loesses of the
section at Nieledew (after J. Butrym and H. Maruszczak 1983, H. Maruszczak et al.
1984; partly modified)

Explanation of the stratigraphic diagram — see Fig. 7
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Weathering-soil bed sg-Gi/LSg4 (200—195? ka BP). It in-
dicates features of an initial gley or brown, poorly marked soil. In the
Odonoéw section in the bottom layers of this bed an evidence of the
reverse magnetic polarity (also Jamaica excursion?) was found.

Early upper older loess LSg3 (195—180/175 ka BP). It is
composed of non-weathered typical loess or weathered loess with
secondary carbonates (pseudomyceliums, rhizocoles, small concretions).
During its deposition ice wedge polygons developed, with horizontal size
of several metres and wedges about 0.5 m wide. Pseudomorphs of these
ice wedges prove that in this time a sporadic or discontinuous per-
mafrost occurred.

Bed of initial pedogenesis g-sg/LSg3 (180—175? ka BP). It is com-
posed of layers of carbonate loesses with quite distinct gleyfication
symptoms.

Middle upper older loess LSg2 (175—160? ka BP) and
late upper older loess (160—135/130 ka BP). They are carbonate
typical loesses or weathered loesses subjected to later pedogenesis. Their
upper layers are considerably degraded and with hiatuses in some sections.
That is why no pseudomorphs of indubitable ice wedges have been found
in these stratigraphic beds. In some sections they are probably separated
by a gleyfication horizon.

Interglacial soil developed on upper older loess
GJ1/LSg. This soils was TL dated for 130/125—115/110 ka BP. These data
differ from the time interval of the last interglacial, still accepted by
many authors and defined for about 130—70 ka BP (S. Z. Rézycki
1972, 1. P.Gerasimov and A. A.Velichko et coll. 1982, R. J.Ful-
ton 1984). However, the results of the investigations in Poland prove
that the deposition of younger loesses began already about 100 ka BP,
and well developed soils of the Eemian Interglacial were degraded and
transformed in cool climate already from about 110 ka BP. So, these
results are consistent with the latest results of the deep-sea sediment
analyses, which indicate that climate deteriorated rapidly and drastically
about 115 ka BP (W. Dansgaard and J. C. Duplessy 1981, C.
Pujol and J.C. Duplessy 1983). The symptoms of rapid deteriora-
tion in this period were also found on the basis of palynological investi-
gations of the known peat bogs in Grand Pile and Les Echets in France
(G.Woillard 1979,J.P.Beaulie and M.Reil 1984).

In this interglacial forest soils of larger thickness were formed,
which were more developed than the Holocene soils. They were investi-
gated in several sections, so it is possible to define their typological
differentiation more exactly. The lessivé soils are the predominating,
zonal type; besides them there are mainly brown and leached brown
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soils. All these soils indicate usually the symptoms of gleyfication that
could develop in general during the later, cooler and wetter phases of
the earliest Vistulian. At the end of the Eemian, the forests got looser.
According to K. Mamakowa (1985), during the Late Eemian phyto-
climatic phase Carpinus—Corylus—Alnus R PAZ (regional pollen
assemblage zone) a participation of herbs in Poland increased gradually
to 30%. This author considers it to be accompanied by symptoms of soil
degradation. In some loessy sections they are very distinct as upper
horizons of the Eemian forest soil are reduced. The responsible soil
erosion developed also in the next phase, during the earliest Vistulian.
The interval when this forest soil developed corresponds with the oxygen
isotope substage 5e. In spite of its relatively short duration, there was
a temperate climate in Poland, slightly warmer than during the Holo-
cene. From a paleogeographic point of view this period was a typical,
monocyclic interglacial.

Interstadial soil horizons, superimposed in earliest Vistu-
lian (115/110—100 ka BP). A distinct cooling that started the earliest
Vistulian (=the transitional period Eemian/Vistulian EV), corresponded
in Poland with vegetation communities of the Gramineae—Artemisia—
Betula nana R PAZ type. According to K. Mamakowa (1985) they
represent the cool stadial EV1. Probably in this time, the older generation
of contraction cracks that cut the horizons of the Eemian soil was formed
(Fig. 3). The cracks are filled with light-coloured material from the
upper horizons of this soil and form polygons with horizontal dimensions
of several metres. From the genetic point of view they were interpreted
as the cracks with primary mineral infilling developed at vast seasonal
frozen ground and mean yearly temperature of about +1/—1°C (H. M a-
ruszczak 1980a). During the following interstadial, i.e. phytoclimatic
phase EV2 Betula—Pinus R PAZ, thick turfy soil horizons developed
on a substrate of a forest soil in a boreal climate. These horizons are
distinct not only for their considerable thickness (to 0.3—0.5 m) but also,
for their intensive colour resulting from a high content of humus (to
1.0%). Such superimposed disharmonious (if referred to the forest soil)
turfy horizons are wrongly considered for chernozems (e.g. J. Jersak
1973). Together with the forest soil they are defined by J. Jersak
(1973) as the soil complex of the Nietulisko type. It corresponds with
the soil complex Stillfried A of the West European authors and the
Mezin complex of the East European authors. During the "superposition”
of the turfy horizon the climate was quite cool, with mean yearly tem-
peratures about 0°C in the final phase. It is probably suggested by
a younger generation of contraction cracks with primary mineral in-
filling. Such cracks cut also the horizons of the Eemian forest soil but
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are filled with dark-coloured sediment from humus turfy horizons. The
interstadial EV2 is referred by K. Mamakowa (1985) to the inter-
stadial Amersfoort s. 1. (Amersfoort+Brorup), distinguished in western
Europe. The described events from the earliest Vistulian should be re-
lated to the oxygen isotope substages 5d and 5c.

YOUNGER LOESSES LM (100—15/12 ka BP)

They represent a single full glacial cycle. Due to good conservation
of their cover, which enables comprehensive investigations, a succession
of events during this cycle can be already reconstructed more precisely
(Fig. 3). Therefore, finding of erosive hiatuses and breaks in loess de-
position of this age is facilitated in definite sections. The most recent
datings prove that there are considerably more gaps than expected
previously.

Lowest younger loess LMn (100—80/75 ka BP). It is usually
a thin clayey loess. In some sections it is weathered or replaced by
products of denudation of the underlying soil complex (e.g. section at
Sandomierz — Fig. 6). In the Komaréw Gorny section, this stratigraphic
horizon contains the layers with a reverse magnetic polarity of the Blake
event (Fig. 3 and 4). This loess is connected with the phytoclimatic cool
stage EV3 Gramineae—Artemisia—Betula nana R PAZ. The deposition
rate was in that time very small, below 0.04 mm a year on the average
(H. Maruszczak 1986). This layer is to be referred to the oxygen
isotope substage 5b.

Weathering-soil bed sg-Gi/LMn (80—75 ka BP). It is consti-
tuted of poorly developed or initial brown soils or chernozem-like soils.
They were probably formed during the phytoclimatic interstadial EV4
Pinus—Betula R PAZ referred lately by K. Mamakowa (1985) to
the interstadial Odderade of the West European authors. TL datings
allowed to relate this horizon with the oxygen isotope substage 5a.*

Lower younger loess LMd (80/75—42/37 ka BP). This loess
is usually clayey and poor in carbonates, with quite numerous interbeds
indicating symptoms of more intensive pedogenesis. In this bed there are
pseudomorphs of ice wedges, to 0.5—0.7 m wide and to 2—3 m height.
These wedges cut the underlying beds and reach even the upper horizons

¢ Continental deposits from Odderade Interstadial are dated by C method for
60—55 ka BP; so the results differ distinctly from the latest oxygen isotope
substage 5a data (W. Dansgaard and J. C. Duplessy 1981). According to
G. Kukla and M. Briskin (1983) 14C data for this interstadial are too young

by ca 15 ka because of undetected contamination which rejuvenate organic
substance under examination.
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of the Eemian soil. Sizes of wedges and horizontal dimensions of polygons
(of 10—15 m), formed by them, prove their formation in a discontinuous
permafrost when mean yearly temperatures were equal from —2 to
—4°C (H. Maruszczak 1980a). Probably the oldest layers of this
loess were already deposited in open vegetation communities of the
stage EV5 Gramineae—Betula nana R PAZ. They have been gradually
transformed in a cooler and cooler climate into typical steppe-tundra
communities during the lower Pleni-Vistulian. A mean accumulation rate
of these loesses was equal 0.06—0.10 mm a year. Basing on TL datings
this loess should be referred to the oxygen isotope stage 4, and partly 3.

Weathering-soil bed sg-Gi/LMd (42—37 ka BP). They are
poorly developed or initial interstadial soils of subarctic brown, gley or
bog types, or only gleyed layers of a non-weathered loess. Horizons of
this soil indicate locally symptoms of distinct solifluction mass-wasting
but also contain traces of other structures connected with a permafrost.
The latter are mainly the traces of contraction cracks in polygonal
patterns with horizontal dimensions to 1—2 m and of small ice lense
structures.

Middle younger loess LMs (40/37—30/28 ka BP). It is relati-
vely thin but already more typical, with a mean content of carbonates.
Pseudomorphs of ice wedges are noted inside it, with their sizes similar
as in the bed LMd; these wedges cut the underlying interstadial soil.
Thus, this loess was also deposited when a discontinuous permafrost was
present. A mean deposition rate of the loessy silt was already higher
and equal about 0.2 mm yearly whereas during the maximum phase
reached even 0.3 mm a year. This loess should be referred to the younger
part of the oxygen isotope stage 3. _

Weathering-soil bed sg-Gi/LMs (32—28 ka BP). It is similar
to the described bed, formed on LMd. In general it is not so well de-
veloped and more frequently replaced by soil sediments or layers of
a gleyed loess. Layers of bog sediments included on the basis of radio-
carbon datings into this stratigraphic unit, contain pollens typical for
tundra plant communities with local patches of forest-tundra vegetation
(K. Mamakowa and A. Srodon 1977, H. Maruszczak 1980a).
As the mentioned radiocarbon datings were done for the humus acids,
then the age defined on them can be considerably lower than the real
one. Thus, these bog sediments can correspond to the subarctic soil de-
veloped on LMd. Both subarctic soils: Gi/LMd and Gi/LMs together with
the middle younger loess correspond stratigraphically with the Inter-
pleniglacial period of the Vistulian.

Upper younger loess LMg (28—15/12 ka BP). It is the most
typical and homogeneous loess, with a lightest colour and a highest
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carbonate content. It usually constitutes slightly more than a half of the
total thickness of younger loesses. Amidst its layers there are 1-—3 poorly
gleyed horizons that presumably indicate a more intensified pedogenesis.
The bed of this loess is cut by pseudomorphs of large ice wedges of the
following dimensions: a) width to 1.0 m, b) height to 4.0—5.0 m, c) ho-
rizontal dimensions of polygons to 20—25 m. In some sections the lower,
fissure-derived parts of these wedges reach even the Eemian forest soil.
Wedge sizes prove that the main deposition phase of this loess occurred
when a continuous permafrost was present; thus, mean yearly tempe-
ratures reached presumably from —5 to —8°C (H. Maruszczak
1980a). According to severe climate and sharp continental features the
deposition rate of a loessy silt was considerably higher than during the
preceding periods: on the average it was equal 0.5 mm a year whereas
during the phase of maximum intensity reached 0.8—1.0 mm a year. The
upper younger loess was therefore deposited during the maximum extent
of the Vistulian ice sheet, i.e. during the upper Pleni-Vistulian (Pleni-
glacial s.s.), correlated with the oxygen isotope stage 2.

Holocene soil developed on younger loess GH/LM
(12/10—0 ka BP). From the typological point of view it is mainly the
lessivé-type soil (zonal type) as well as forest brown or leached brown
and forest gray soil. It is usually about 1.5 m thick, slightly less than the
soil of the Eemian Interglacial age. This fact as well as poorer pedo-
genetic transformations of horizons B prove that during the Holocene
the climate in the Polish territory was cooler than during the Eemian
Interglacial.

SEDIMENTARY ENVIRONMENT AND TRENDS OF CHANGES
IN A GLACIAL CYCLE BASED ON INVESTIGATIONS
OF YOUNGER LOESSES

Loesses are commonly considered as sediments of the extraglacial
zone, which comprise a relatively best preserved record of phenomena
occurring in glacial cycles. However, if attempts of more detailed re-
constructions of these phenomena are undertaken the loessy sections are
found to enclose various stratigraphic hiatuses. Some of the latter are
easily noticeable, especially if they are represented by erosion surface
that cut the inter-loessy paleosols. Such hiatuses are most abundant in
more intensively dissected loessy areas as it was indicated in numerous
Polish papers (among others J. E. Mojski 1965, H Maruszczak
1974). But they are indistinct if erosion surfaces cut the beds without
the paleosols. In these cases a high homogeneity of loesses makes it
difficult or even impossible to detect the hiatuses. Besides the hiatuses
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marked by erosion surfaces there are also those that correspond with
longer breaks in sedimentation and they are more difficult to be found.

The latest results of chronostratigraphic investigations prove that
even the best preserved and most widely distributed younger loesses
enclose the hiatuses, indistinct in structural investigations. Such hiatuses
are especially common in loesses of delluvial and eolian facies, and more
rare in loesses of limnic-alluvial facies. Thermoluminescence datings
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Fig. 7. The loess section at Lopatki
Legend of loess profile diagrams: Granulation — grain size distribution; Md —
median grain size;, C — humus content; CaCO; — carbonate content; Fe,Oy —
iron oxides content; Mcl — opaque heavy minerals contents; McII — indices of
the transparent heavy minerals composition; McIII — transparent heavy minerals
composition. Letter symbols of transparent heavy minerals: C — zircon, R —
rutile, G — garnet, A — amphiboles; O — most resistant minerals; S — medium
resistant minerals; N — non-resistant minerals. Letter symbols of stratigraphic
units of loesses: L — loess, M — younger, S — older, N — oldest, g — upper, s —
middle, d — lower, n — lowest. Letter symbols of soil units: G — soil with well
developed genetic horizons, H — recent (Holocene) soil, J — fossil interglacial soil,
i — fossil interstadial soil, sg — soil sediments, dg — soil deluvia, (g) — symptoms
of the development of pedogenesis. Graphic signatures: 1 — Holocene and inter-
glacial soils; 2 — interstadial soils; 3 — soil sediments and poorly developed inter-
stadial soils; 4 — non-weathered, carbonate loesses; 5 — weathered, carbonate-free
loesses and deluvia of fossil soils; 6 — resistant heavy minerals; 7 — medium
resistant heavy minerals; 8 — non-resistant heavy minerals; 9 — main hiatuses
(gaps) among stratigraphic units of sections
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allow to find these hiatuses, indistinct from the morphologic-structural
point of view, if they are chronologically shorter than several dozen
thousands of vears. This is supported by the results of studies of the
sections at Lopatki (Fig. 7), Orzechowce (Fig. 5) and Nieledew (Fig. 4:
a hiatus at the contact of the beds e; and e,;). The hiatuses noted in the
Lopatki section are also univocally supported by the results of paleo-
magnetic analyses. The latter allow to record more numerous “short-
-lasting” hiatuses, being probably hardly several hundred years long
(H Maruszczak and M. Tkacz 1987). Such short-lived hiatuses
cannot be found by using the TL method with its present dating me-
thodology.

An occurrence of numerous stratigraphic hiatuses results in big errors
in attempts of indirect datings of definite loess beds by evaluation of
the mean deposition rate. The paper of M. Pécsi (1972) can be an
example in which a mean deposition rate of younger loesses in Hungary
was calculated on the basis of radiocarbon datings of their upper beds.
Results of such calculations were then extrapolated to lower beds of these
loesses and in this way, among other things the age of the interstadial
soil BA could be defined for about 60 ka BP (M. Pécsi et al. 1979).
The later TL datings proved that this soil is about 20 ka older (H. M a-
ruszczak 1986). The effect of using a similar criterion to estimate the
duration of the whole glacial cycles as proposed lately by A. A. Ve-
lichko (1981) is also inaccurate. The calculations of this author were
based on the assumption that the deposition of loesses during the main
phases of a glacial cycle was regular. The latter was supposed to have
resulted from a sedimentation of silt transported in the air as a suspend-
ed matter, similarly as in the marine water environment (A. A. Ve-
lichko et al. 1987). Investigations of the Polish loesses do not support
such an idea of sedimentation.

Just the pattern itself of distribution of loessy covers in Poland con-
tradicts the suspension of uniform deposition of silt. The covers form
patches, frequently well isolated and connected only with the areas of
more diversified, moderate relief (Fig. 1). Close to these patches and
amongst them there are vast flat zones without loesses and with no
traces of their occurrence at any time in the past (H. Maruszczak
1969b, 1985).

The grain size composition of the Polish loesses also quite univocally
proves that the predominant part of their sediment was not carried out
in suspension. In this way only the silts below 0.005 mm in diameter
are transported in the higher layers of the atmosphere and at larger
distances. This is proved among other things by measurements of
atmospheric silts deposited also at present in south-eastern Poland, once
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every several or several dozen years when large silt storms occur in the
Ukraine (J. Wojtanowicz and A. Zinkiewicz 1966). On the
other hand a mean loess grain is considerably larger, usually 0.025—
0.035 mm. The volume of such a grain is 100—1000 times greater than
that of the "suspended” eolian silts (H. Maruszczak 1969). A pre-
dominant part of the loessy sediment was then transported by lower
atmospheric currents, i.e. in a similar environment as dune sands. In
agreement with the grain size the transport has not occurred at several
metres above the land surface as in the case of dune sands, but probably
reached several hundred metres and at distances of a dozen to several
dozen kilometres. It is indicated not only by the results of grain size
analyses but also by many other physical and chemical properties of the
loessy sediment. All these features prove significantly that the younger
loesses are the autochthonic sediments not only in a zonal scale but also
in a regional one (H. Maruszczak 1969a, b, 1985).

Such predominant type of transport and deposition of the loessy silt
was originally irregular. These phenomena developed on a larger scale
probably once every several years, only at suitably strong winds and
in the season of the year, during which the parent materials could be
easily transported. The presented interpretation seems to be fully agree-
able with the results of palynologic analyses of loesses. The latter prove
that in central and eastern Europe the loesses were deposited during the
last glaciation at the presence of well developed and quite rich steppe-
-tundra vegetation. This vegetation existed even during the most severe
climate of the upper Pleniglacial (K. Mamakowa and A. Srodon
1977, N.S. Bolikhovskaya 1984, B. Urban 1984).

The conclusion on the irregular deposition of loesses can be also
drawn from the analysis of the loess structure. Even the most typical
variants of the upper younger loesses indicate usually a fine lamination.
The laminae are generally at least 1—2 mm thick and frequently con-
siderably more. Therefore, these thicknesses are several times as large
as the indices of the mean deposition rate, defined in Poland for about
0.5 mm a year for the younger upper loesses. To avoid misunderstandings
one should underline that thicknesses of the laminae themselves cannot
be treated as the direct indices of the type and intensity of eolian
accumulation. They are most frequently the laminae that have been
formed during washing of the fresh (non-consolidated) silt during more
intensive spring floods or substantial summer rainfalls. Discontinuities
and numerous erosive "micro-cuts” are the characteristic features of la-
minae. Such cuts represent short-lasting hiatuses in loessy sections, cor-
responding with the mosaic pattern of micro-patches with predominant
erosion and deposition on slopes. A mosaic pattern is characteristic in
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the same time not only for valley slopes but also for flat watershed or
terrace zones. Such flat areas covered with loess indicate in Poland a
fine-wavy relief with numerous convex and concave mesoforms (H. M a-
ruszczak 1985). Thus, the watershed zones cannot be assumed to have
the loessy sections without greater stratigraphic hiatuses. In eastern
Europe where such watershed zones are vaster, such geomorphologic
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Fig. 8. Diagram of the intensity of accumulation of Vistulian loesses in southern
Poland and central Hungary. While calculating the accumulation rate of loess silt
in Poland the average thickness of the particular stratigraphical units were taken
into account and in Hungary the thickness determined for the representative loess
profile at Mende. Stratigraphy of Polish loesses after H. Maruszczak (1980) and
Hungarian loesses after M. Peécsi (1982)
Letter symbols and stratigraphical index of loesses in Hungary: L, .. Ly — young
loess series; RCh — recent chernozem; MF — Mende Upper interstadial paleosol;
BD — Basaharc Double interstadial paleosol; BA — Basaharc Base interstadial
paleosol; MB — Mende Base soil complex (last interglacial)

locations may possess more complete loessy sections as it is accepted by
A.A.Velichko et al. (1987).

Despite the conclusion on the irregularity and discontinuity of the
loessy sedimentation, it seems reasonable to calculate its mean rate in-
dices. But they should rather be used mainly for comparisons and pa-
leogeographic reconstructions than for chronostratigraphic analyses.
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What are then the paleogeographic conditions of loess deposition in
Poland?

Mean indices of deposition rate of the whole younger loessy beds are
equal about 0.1 mm a year for the time interval of 110/100—12 ka BP.
They are typical for the areas in which a total thickness of these loesses
is about 10 m. They are 2—3 times smaller for the areas of the lowest
loess thicknesses. They can be also over twice as large in the case of
loessy patches that are located at morphologic escarpment zones. In such
zones the largest thicknesses of the younger loesses are noted near Hru-
bieszé6w where they are over 20 m (L. Dolecki 1985). Approximately
usually 7—10 m mean thickness of loesses is typical for the central part
of a vast zone with such sediments in eastern Europe. However, it con-
siderably decreases southwards and is equal only about 2 m at the Black
Sea (I.P.Gerasimov and A. A. Velichko et coll. 1982). A very
similar thickness is also noted in the Loess Plateau in China as most
frequently it reaches about 10 m if only the Chinese younger loesses,
named the "Malan loess” are concerned (Zhang Zonghu 1984, Wen
Quizhongand Zheng Honghua 1985). As their age is defined
by the TL method for 120/110—10 ka BP (Li Huhou 1985), a mean
deposition rate was not much different than that estimated for the Polish
younger loesses. Thus, our loesses are similar to those in the most
classical regions of Eurasia as regards their deposition rate.

The deposition rate of younger loesses varied considerably in time.
Due to TL datings a more detailed analysis of the rhythm of this varia-
tion could be done (H. Maruszczak 1986). It proves that during the
preliminary deposition phase, i.e. in the early Vistulian and the lower
Pleniglacial, the mean rate was hardly equal 0.06—0.10 mm a year.
During the Interpleniglacial it increased to about 0.2—0.3 mm a year
and to 0.5 mm a year in the upper Pleniglacial. It distinctly decreased
during the interstades as indicated by the presence of layers with pedo-
genetic transformations (Fig. 8). A very similar rhythm of sedimentation
was reconstructed in a similar way also for the Hungarian loesses. The
results of a suitable analysis were, however, accepted only from the
loessy sections Mende and Paks, in which the younger loesses are un-
commonly thick. This fact is being explained by the presence of an
exceptionally rich source of loessy silt in the Danube alluvia, coming
from a vast drainage basin. Therefore, in comparison of results (Fig. 8)
for the Polish loesses based on analyses of average thickness and for the
Hungarian loesses based on data from extremely thick sections, the
emphasis should not be given the values of the indices of deposition in-
tensity but the rhythm of changes.

Changes of the deposition rate of the loessy silt illustrate well the
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varying geographic conditions in a glacial cycle. During the upper Pleni-
glacial this rate was at least 5 times as large as during the lower one,
which undoubtedly proves a specific character of the relatively short,
culminant phase of a glacial cycle. A great similarity of the rhythm re-
constructed for the Polish loesses of a periglacial zone with continuous
permafrost and for the Hungarian ones, coming in fact from outside of
this zone, proves that this rhythm depended on general factors, ruling
the changes of the macroscale glacial cycle.

An analysis of the physico-chemical properties of younger loesses and
first of all of the cryogenic structures and soils within them, allows to
define some features of geographic conditions of the successive deposition
phases. It indicates a general trend of grain size variation, showing a
decreased content of the colloidal fraction, and of the chemical composi-
tion with a particular rise in the carbonate content. These observations
prove a diminishing role of the chemical component of the weathering
processes and an increasing dryness (continentalization) of the climate in
the successive phases of the cycle. A decreasing content of the colloid
fractions proves probably not only the decreasing role of chemical
weathering. It seems to suggest the changes in the content of the far-
-distance grains (part of the finest grains of the loess body come from this
transport). During the lower Pleniglacial the relative role of such grains
was higher as conditions for incorporating and transport of grains of the
loessy basic fraction were less favourable for the local sources. A more

Graphic signatures: 1 — humus horizons of the chernozem type; 2 — other well
pronounced humus horizons; 3 — poorly pronounced humus horizons; 4 —
leached horizons: a) — well pronounced, b) — poorly pronounced; 5 — upper,

more intensly coloured portion of brown-earth and illuvial horizons; 6 —
middle, less intensly coloured portion of brown-earth and illuvial horizons; 7 —
lower portion of illuvial horizons with irregular brownish and yellowish streaks;
8 — deluvia of chernozem type horizons; 9 — soil sediments with symptoms of
initial humus horizons: a) well pronounced, b) poorly pronounced; 10 — soil
sediments with browning evidence; 11 — mineral-peat lenses in swampy soil; 12 —
spotty concentrations with increased humus or iron manganese compounds content;
13 — gleying symptoms; 14 — carbonate loess; 15 — carbonate-free loess (decai-
cified). Letter symbols of stratigraphic units of loesses: L. — loess, M — younger,
S — older, g — upper, s — middle, d — lower, n — the lowest. Letter symbols
of soil units: G — soil with well developed genetical horizons, H — recent (Ho-
locene) soil, J — fossil interglacial soil, i — fossil interstadial soil, sg — soil
sediments, dg — soil deluvia, (g) — symptoms of the development of pedogenesis.
Numerical symbols of pseudomorphs of cryogenic polygon structures: I — cracks
with primary seasonal ground filling of the older (a) and younger (b) generations
from the earliest Vistulian; II — wedges primarily with ice, and secondarily with
mineral filling from the lower Pleni-Vistulian; III — also from the Interpleni-
-Vistulian; IV — also from the upper Pleni-Vistulian (Pleniglacial sensu stricto)
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distinctly marked predominance of the grain size of local origin in the
upper Pleniglacial does not mean a limited intensity of the far-distance
transport but only a drop in its relative participation.

More substantial conclusions of paleogeographic nature come from
the analysis of cryogenic structures. They indicate that during the early
Vistulian (110/100—75 ka BP) a strongly developed seasonal frozen
ground occurred in cooler stages in southern Poland at mean yearly tem-
peratures about 0°C. This seasonal frost is marked by pseudomorphs of
small polygons with fissures with a primary mineral infilling (Figs 3, 9).
On the other hand during the interstade warming the temperatures were
several degrees higher and, therefore, a poorly developed seasonal frost
did not leave any visible traces. During the lower Pleni-Vistulian (75—
42 ka BP) sporadic and later discontinuous permafrost gradually de-
veloped, at mean yearly temperatures from —1/—2 to —4/—5°C. It is
documented by pseudomorphs of small ice lense structures of ground ice
and by fine wedges with a primary ice infilling (Fig. 9). During the
Interpleni-Vistulian (42—28 ka BP) a discontinuous permafrost probably
still existed. It is suggested by the fact that pseudomorphs of cryogenic
structures, as in the lower Pleniglacial, occur in suitable loessy horizons.
During the interstade warmings permafrost did not rather disappear
either. It is indicated by the features of the tundra soils formed in that
time, which usually show symptoms of gleization from the top and not
only within the concave but also convex relief elements. Thus, it is to
be expected that gleization was connected with the occurrence of an
impermeable substrate, i.e. permafrost. During the upper Pleni-Vistulian
(28—15/12 ka BP) discontinuous permafrost was gradually transformed
into a continuous one at mean yearly temperatures from —5 to —8°C.
It is documented by traces of large ice wedges that developed in the
second part of this period. Melting of ice of these structures, marking
a destruction of permafrost occurred locally still before the end of loess
deposition. This phase is marked by gleization horizons that cover the
pattern with polygons with large ice wedges, occasionally visible just
under the Holocene soils. But in most sections the large wedges "enter”
the layers that are transformed by the Holocene pedogenesis (Fig. 9). The
diagenesis of these layers is so high that a more detailed reconstruction
of the events in the interval 15—12 ka BP is impossible.

The rhythm of events reconstructed on the basis of the analyzed
cryogenic structures in the younger loesses of Poland is similar to that
reconstructed for eastern Europe (I. P. Gerasimov and A. A. Ve-
lichko et coll. 1982). These similarities are particularly distinct if
referred to the upper Pleniglacial. Some differences in approach to the
lower Pleniglacial can result from separate chronostratigraphic interpre-
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tation (H. Maruszczak, A. A. Velichko et al. 1982). The simi-
larities in the development of the events in Poland and eastern Europe
result undoubtedly from the action of general factors on a global scale.
Some differences can result from changes of the permafrost in time as
well as in space. The latter was not only arranged in zonal pattern from
north to south but also in a provincial system from west to east. In
Poland the latter changes can be noted not only by the analyses of
cryogenic structures. They are also proved by results of analyses of the
thickness, properties and facies of loesses in the Sudetic foreland near
Wroclaw and in south-eastern Poland near Hrubieszéw (H. Marus z-
czak 1969a, 1985, J. Jersak 1985). Differences of climatic conditions
reconstructed on this basis were in these far areas during the Pleniglacial
close to those of the present days. In the Wroclaw area the present
climate indicates the predominance of maritime features and in the Hru-
bieszow area there is a distinct component of the continentalization.
Therefore, even during the Pleniglacial the influence of the ice sheet did
not predominated the global relations of the maritime and continental
impacts in the mid latitudes of Europe.
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STRESZCZENIE

We wstepie omowiono rozwo6j pogladéw na stratygrafie lesséw. W najstarszych
opracowaniach ustalano ja na podstawie analizy powigzan tych utworéw z glinami
zwalowymi kolejnych nasunie¢ ladolodéw, poézZniej gléwnie na podstawie badan
gleb kopalnych rangi interglacjalnej oraz interstadialnej. Zreferowano takze nowsze
koncepcje korelacji lesséw z cyklami glacjalnymi.

Na tym tle przedstawiono aktualng wersje schematu stratygraficznego. Opra-
cowano ja z uwzglednieniem nowszych wynikow badan paleomagnetycznych i da-
towan metoda '‘C, a przede wszystkich licznych datowan metoda termoluminescen-
cyjna (TL.), wykonanych przez dr. Jerzego Butryma w laboratorium Zaktadu Geo-
grafii Fizycznej UMCS. Opracowany w ten sposéb schemat (Fig. 3 i Tab. 1) sko-
relowano z odpowiednimi opracowaniami dla lessow Europy zachodniej i wschod-
niej. Datowania TL umozliwily takze korelacje ze stadiami izotopowymi tlenu (}80)
osadow glebokomorskich. W schemacie wyrézniono:

1. Lessy najstarsze (LN) z okresow poprzedzajacych interglacjal Mazovian=
Holsteinian=Likhvinian. Nie mozna ich obecnie zroznicowa¢ pod wzgledem stra-

4 Annales. sectio B. t. XLI
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tygraficznym, gdyz zachowaly sie one szczatkowo i tylko w postaci zwietrzalej.
Silna ich degradacja wigze sie z tym, ze cala strefa wystepowania lessow w Polsce
byla w zasiegu ladolodu Sanu=Elstery II=0ki, a duza jej czes¢ takze w zasiggu
ladolodu nastepnego zlodowacenia. Na warstwach LN rozwinieta jest gleba lesna
rangi interglacjalnej (GJ); w wystgpujacych nad nig warstwach lessow w Nie-
ledwi stwierdzono oznaki odwrotnej polarnosci magnetycznej (zapewne Chegan
event). Na tej podstawie oraz odpowiednio do wynikéw datowan glebe te (GJ3a/LN)
mozna wiazaé¢ z interwatem 330—310 ka BP.

2. Lessy starsze (LS) datowane na 310/300— 135130 ka BP, a wiec reprezentu-
jace cykle glacjalne Saalianu—Rissu. S3 one znacznie lepiej zachowane, w tym
takze w postaciach niezwietrzalych. Mozna wiec zréinicowaé je pod wzgledem
stratygraficznym. Uwzgledniajagc wystepowanie wsréd nich gleb kopalnych podzie-
lono je nastepujgco:

a) Lessy starsze najnizsze (LSn), 310/300— 280/270 ka BP; rozwinieta jest na nich
glejowa gleba interstadialna.

b) Lessy starsze dolne (LSd), 270—260/255 ka BP, z rozwinietg na nich inter-
stadialng glebg glejowq !ub typu inicjalnego czarnoziemu.

c) Lessy starsze srodkowe (LSs), 255—230/225 ka BP. Rozwiniete sg na nich
gleby czarnoziemne wylugowane, ktorym dawniej przypisywalem range intersta-
dialng. Datowania TL ostatnich lat wykazaly jednak, ze do tej jednostki straty-
graficznej nalezy zaliczy¢ takze lesne gleby brunatne wytugowane, ktore dawniej
interpretowano jako mlodsze i reprezentujyce ostatni interglacjal.

Datowania TL s$wiadczg, ze tak wyodrebniona kolejna Srédlessowa gleba rangi
interglacjalnej (GJ2/LSs) powstata w interwale 235—225 ka BP, odpowiadajacym
7a substadium 180. Z takim datowaniem zdaje sie byé¢ zgodne stwierdzenie w war-
stwach lessow nadleglych oznak odwrotnej polarnosci magnetycznej (Biwa Il event
lub Jamaica excursion?). Przypisywanie temu interwalowi rangi interglacjalnej
jest jednak kontrowersyjne. W Polsce obecnie paleobotanicy raczej nie wigzg z nim
sukcesji roslinnych typowych dla klimatu umiarkowanego. Tylko niektéorzy wy-
odrebniajg wiec ten okres jako interglacjal Lublinian=Treenian=0dintsovian
Dzieli on dwa odrebne nasuniecia ladolodow Odry (=Saale I) i Warty (=Saale II).
Przyimujac taki poglad — jako uzasadniony z paleopedologicznego punktu widze-
nia — warstwy LSn, LSd i LSs traktuje lacznie jako odpowiadajace cyklowi gla-
cjalnemu Odranian=Drenthenian=Dnieprian. Wyniki datowan TL pozwalajg sko-
relowaé je ze stadiami 180: 8 i 7 (jego czescig dolng).

d) Lessy starsze gérne (LSg), 225—135/130 ka BP. Wystepujg wsréod nich tylko
stabe oznaki pedogenezy, w postaci poziomow oglejenia, ktore tylko miejscami prze-
chodzg w inicjalne gleby glejowe. Dzielg one te lessy na cztery jednostki straty-
graficzne, oznaczone symbolami: LSg4, LSg3, LSg2 i LSgl. Podane sg pierwsze,
wstepne wyniki ich datowania metodg TL.

Warstwy LSg w obecnej wersji podzialu prezentuja wiec cykl glacjalny War-
tanian=Warthanian=Moscowian. Mozna je skorelowa¢ ze stadiami 80Q: 7 (czes¢
gorna) i 6. W ich stropie wystepuje dobrze wyksztalcona interglacjalna gleba lesna
(GJ1/LSg), przewaznie typu lessivé. Powstala ona w Eemianie, w interwale 130,/125—
115/110 ka BP odpowiadajacym 5e substadium !0. Goérne poziomy tej gleby lub
produkty jej denudacji oraz stabej akumulacji lessowej sg przeksztalcone w migz-
szy, natozony poziom humusowy typu darniowego. Odpowiada on interstadialowi
Amersfoort (okoto 110—100 ka BP) z najwczesniejszego Vistulianu. W tych war-
stwach wystepujg oznaki odwrotnej polarnosci (Blake event).
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3. Lessy mlodsze (LM), datowane na 100—15/12 ka BP, akumulowane podczas
ostatniego cyklu glacjalnego, tzn. Vistulianu—Wiirmu. Sa one najlepiej zachowane
i zbadane w licznych profilach. Dzieki temu wczesniej ustalona ich stratygrafia nie
ulegla zmianom w rezultacie datowan metoda TL. Podzielono je nastepujaco:

a) Lessy mlodsze najnizsze (LMn), 100—80/75 ka BP. Rozwiniete sa na nich
inicjalne gleby brunatnoziemne lub podobne do czarnoziemnych, odpowiadajace
wczesnoglacjalnemu interstadialowi Odderade.

b) Lessy mlodsze doine (LMd), 75—42/37 ka BP, reprezentujace dolny pleni-
glacjal. Rozwiniete s3 na nich slabo wyksztalcone subarktyczne gleby brunatne,
glejowe lub bagienne, paralelizowane z interstadialem Hengelo.

c¢) Lessy mlodsze srodkowe (LMs), 37—30/28 ka BP, reprezentujace interpleni-
glacjal. Rozwiniete sa na nich gleby podobne jak na LMd, sparalelizowane z in-
terstadialem Denekamp.

d) Lessy mtodsze gérne (LMg), 28—15/12 ka BP, odpowiadajace gérnemu ple-
niglacjalowi. Wykazuja one wszystkie cechy reprezentatywne dla najbardziej ty-
powego lessu. Gorne ich warstwy s3 zmienione przez procesy glebotworcze, ktore
zaczely sie rozwija¢ od poznego glacjalu. Na warstwach LMg rozwinieta jest wspéi-
czesna gleba lesna (GH/LMg), przewaznie typu lessivé, reprezentujaca okres ho-
locenu.

Dzieki dobremu zachowaniu LM wyniki ich badan daja podstawe do rekon-
strukcji zdarzen w ostatnim cyklu glacjalnym. W najwczesniejszych etapach tego
cyklu, tzn. we wczesnym Vistulianie, na obszarze Polski w najchlodniejszych okre-
sach srednie roczne temperatury spadaly do okoto 0°C. W warunkach silnie roz-
winietej zmarzliny sezonowej powstawaly wowczas szczeliny mrozowe z pierwot-
nym wypelnieniem mineralnym, tworzace poligony o matych wymiarach. W dolnym
pleni-Vistulianie rozwinela sie wieloletnia zmarzlina wyspowa i nieciagla. W takich
warunkach, przy temperaturach srednich rocznych rzedu —2/—4°C, powstawaly
poligony kontrakcyjne sredniej wielkosci, z pierwotnym wypelnieniem szczelin typu
klinbw lodowych. Taka zmarzlina prawdopodobnie trwala z pewnymi fluktuacjami
w interpleni-Vistulianie. W gornym zas pleni-Vistulianie, przy s$rednich tempera-
turach rocznych rzedu —5/—8°C, rozwinela sie ciagla zmarzlina wieloletnia, z du-
zymi poligonami wielkich klinéw lodowych.

Odpowiednio do warunkéw klimatycznych zmienialo sie tempo akumulacji LM:
od ponizej 0,06 mm/rok w najwczesniejszych fazach Vistulianu, do 1,00 mm/rok
w niektéorych fazach goérnego pleni-Vistulianu. W ciagu calego ostatniego cyklu
glacjalnego przecietne tempo akumulacji wynosito okoto 0,1 mm/rok i bylo podobne
jak w klasycznych regionach lessowych Eurazji. Akumulacja nastepowala jednak
nierytmicznie, prawdopodobnie z licznymi przerwami, gléwnie podczas krétkotrwa-
lych ekstremalnych zdarzen wystepujgqcych raz na kilka lat.

PE3IOME

B camom nauyajie cTaTbM PacCMaTPUBaeTCA 3BOJIIOUMA MHEHMI KacaloLMXCA CcTpa-
Turpacdumu néccoB. B caMbix ApeBiux paborax ona OCHOBbIBaJlaCh pe3yJjbTaTaMu M3-
ydyenusa cmA3ei 3Tux obpa3oBaHMii C MOpeHaMM oOuepeaHbIX HAJBUIOB JeIAHMUKOBOro
[OKpoBa, MO3JHEe rjaBHbIM OOpa3oM la OCHOBe MCCJIeOBaliuii TOPM3OHTOB MCKOMae-
MbIX nouB. OOCymOalOTCA TaKXXe 110BejlliMe MONbITKU COMNOCTaBJEHUA JECCOB C ria-
UMAJTBHbBIMU LMKJAMU.

Ha stom ¢poHe npeacraBiisieTcs iiOBeHllas BepPCHMA CTPaTUrpaduiecKoi CXeMbl.
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OHa pa3paboTana Ha OCHOBe IMNOCJE€ANUX MaJIeOMarixTHbIX MCCJIEI0BaHUIA MU pPanuo-
yriiepoAHbIX NaTUPOBOK, a raaBubIM o6pa3om TepMonioMiiecueHTHbIX (TJI) naTuposok
nposegennbix aAp. KO. Byrpumom B naboparopumu Otaeneinina gusmuueckon reorpacpmu
Yuusepcurera Mapuu Cknonosckoi-Kiopu B Jobaune. 31y cxemy (Fig. 3, Table 1)
comnocTaBJIell0 C COOTPETCTBYIOIMMM paboTamMy MNpuUMenseMbIMU Ceifvac AJA JIECCOB
3anafaion u Boctoulion EsBponsl. PeaynbraTbl Muorux TJI 1aTMPOBOK MCMNOJb30Balbl
IJA COTMOCTaBJEHUA CX€Mbl C U30TOMHO-KUCIOPOaHbIMU (1¥0) ApycaMu riy60KOBOAHBIX
OKeaHMYEeCKUX OCaAKOB. B cxeMe BbIenAOTCA:

1) Jléccw1 cambre apeBnme (LN), u3 BpeMeH npeauecreBylolux Ma30BeLKOMY =
=ToabluTenicKkoMy = JIUXBUHCKOMY MEXKJEeOHUKOBMIO. VX HEBO3MOXKHO pacCCJIOUTh
cTpaTurpaMuecKy, TaK KaK COXPalHMJIUCL B OCTAaTOMHOM M TOJLKO B BbIBETPEJIOM
Buge. Takoe COCTOsAIIMEe XapaKTepHo AJA 30Hbl pacnpocTtpanenusa jnéccoB B Iloxbure.
OHa MoAHOCTBIO HaXOAMJaCh B NpejejiaxX HACTyNJeHuA JIeAHUKA BPEMEHM OJieieHEeHUHA
Cana=3ancrepbl I1=0ku, a yacTuuiio B npenejax oyepeanioro oneneHenus. Ilog Bo3-
nencTBueM 9Tux JennukoB LN cuabiio gerpaauMpoBanuchb. MX BepXHME CJIOU B HEKO-
TOPbIX pa3pe3ax npeobpazosaiibl B JIECHYIO TOYBY MeXJeZHMKOBOro panra (GJ).
Cpeayn NECCOBBIX CJOEB PacrnoJjioXKeiliblX Bbllle€ 3TOM NO4YBLI B pa3pe3ze HenexeB 06-
Hapy’KeHOo npu3iakyu obpaTiionn nHamariuyveuioctu (BeposaTiio Yeran sseut). Ha ston
ocHOBe M cooTBeTrcTBellHO TJI naTupoBkaM nepuon o6pa3oBaiHMA BCIIOMAHYTON IOYBBI
onpenenderca B 330—310 Thic. Jer TOMy na3aj.

2) Jléccel apeBHue (LS) po3pactom 310,300—135/130 TbiC. J€T T.H., OTBevalolue
riaguManbibIM LUMKJIaM oJjeaeHenua 3aaje—Pucc. Ony M1Oro jaydile coOXpaHeHbl, Aa-
e BCTpevaloTCsA B HEBbIBeTpeJoM Bupe. I[Io3ToMy BO3MOXKHO MX CTpaTuUrpapuyecKu
paccaouTe. Ha ocHOBaiuyu mM3yuelus MCKOMaeMbIX MOYB ITO pacCjoeHue npeacTaBida-
ercA caeaymoumm obpaszom:

a) Jléccbr apeBuMe camble numxHue (LSn), 310/300—280/270 ThIc. JeT ToMy Has3ang,
BEpXHME MX CJOM mpeobpa3oBalilible B MHTEPCTAaAMAJIbHYIO TJE€EBYH IIOYBY.

6) Jléccer papeBuue Huxkume (LSd), 270—260/255 Toic. JeT TOMy Ha3al, ¢ MHTEp-
CTaAMaJIbHOM TIJIeeBO) IOYBOIt MAM TUNA MHULMAJBHOTO 4YepPHO3eMa.

B) Jléccel apeBume cpeaHue (LSs), 255—230/225 Thic. JeT ToMy Ha3aA. Ha uux
o6pa3oBaJuch TraaBHbIM 06pa3oOM JerpagupoBaHHble YepHO3eMHble ITOYBbI, KOTOpble
aBTOP paHIlbe paccMaTpuBaJl KaK MHTEpPCTaaualbHble. Ho nocnenuue pe3yJsbTaThbl
TJI naTMPOBOK CBMAETENBLCTBYIOT O TOM, YITO B 3Ty CTpaTMrpaddMuUecKylo eaMHMIy
HYX1O0 BKJIIOYUThL TOXe IO4YBbl Oypble Jieciible BhbILEJIOYEHHbIe, KOTODble paHblle
paccMaTpMBalIMCh KaK MJajuimue, OTBevalolMe MOCHefHEMY MelKJeIHUKOBMIO.

Hosble TJI naTMPOBKM CBUAETEJbLCTBYIOT O TOM, YTO TaK ONpejeJIeHHAA MCKonae-
MasA noyBa MeXJeaHMKOBOro pasra (GJ 2/L.Ss) obpa3sosasach B nepmop 235—225 Tbic.
JIleT TOMY Ha3ajl, OTBeYaloluMii M3IOTOMI0-KMCJOPOAHOMY mnojaapycy 7a uam Tc. Ka-
JKeTCA, 'ITO 3TO NMOATBEPIKAaeT ObHapyrkenuue NMpu3HakKoB O06paTHOM HaMariiM4eHHOCTH
(BepoAaTHo BuBa II 9BeHT, Mau cobuitue JIxamaiika?) B Te€X CINOAX JECCOB, KOTOpLI®
BBICTYNalOT Bblllle paccMaTpuBaeMoyt nouBbl. OpHAKO onpejeseHue nepuoga ee obpa-
30BaliuA BO3OyxnaeT coMiieHusa. B ITonbuie ¢ 3TMM nepuoaoM OOLIYHO e CBA3bLIBAeT-
cA naneodop THUMMYNLIX AJA yYMEPEHHOro Kiaumata. TOJIbKO HEeKOTOpble mnasico6o-
TaHUKYU BBIJIEJIAIOT 3TOT nepuoja Kak Jlobauuckoe=Tpeelie =0OaMHIOBCKOEe MeIKJEeIHU-
KoBue. OHO pa3fiesifeT nBa OTREJbHBbIX HaABUTA JiefeHyKa onenenenua Oxpwr (=3a-
ane I) u Baprel (=3aane II). [IpuuuMaa TakKOe MHEHME KaK MajeonenosIOrM4ecKu
obocioBanHoe, cnou LSn, LSd u LSs paccMaTpMBaeM COBMECTHO KaK OTBEuaoOLLIMe
rnagualbHOMy UMKy ojeneHenua Oxapbi=JIpeHte=Juenpa. Ha ocuosaumu TJI pa-
TUPOBOK MOXIIO MX COMNOCTaBJATHL C M3OTOMHO-KUCJIOPOAHBLIMU ApycamMyu 8 m 7 (HMXK-
HAA ero 4acTb).
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r) Jlécce! ppeBnmne pepxiue (LSg), 225—135/130 Thic. ner ToMy Ha3lan Cpeam Hux
obHapymeHO TOJbKO NpPM3HaKu NMoupoobpa3oBaHuA, rinaBHbIM obpa3omM B Buae TOpU-
301TOB OrJleelMUs, KOTOPble MECTaMM MMEIOT YeDTbl MHMIMAJbIBIX TjeeBbiXx nouB. OHu
paca4eHsAoT ITH JIECCHI Ha UeTbipe cTpaTurpaduieckme emminnbl 0603Ha1eHHbIe KaK:
LSg4, LSg3, LSg2 u LSg 1. IIpeacraBnelbl nepBble BCTYyNUTEJblble PE3yJbTaTbl MX
naTupoBanua mMeronoMm TJI.

Cnou LSg B paccMaTpuMBaeMol cxeMe cTpaTurpacduiecKoro IeleHMUA OTBevaloT
rjauyMajlbHOMY UMKAy onenenenus Baprbi=MockBbl. MOX110 MX COMOCTaBJIATbL C W3-
OTONHO-KUCIOPOAHbIMY ApycamMu 7 (BepxinaAa uactb) U 6. CaMble BepXiiue CJIOM npe-
o6pa3zoBanbl B XOpOUIO pPa3BUTYI0 Jecnylo nousy (GJ 1/LSg), raaBubiM 06pa3zom
ncesromoa3oancrToro TMna. O6bpa3zopanach ona B [MOCJ€Aliee, 33MCKOe MeXJeaHUKOBHe,
B mepuop 130/125—115/110 TeiC. NeT TOMy Ha3ajl, OTBEYMAaIOUIMt MIOTOMHO-KMCJIODOA-
HOMY moasapycy Se. Bepxiie ropu30HTbI 3TOM ITOuYBbLI, MJIM MPOAYKThI MX Ppa3pylue-
HUA C NPUMECAMM CBeXeji JECCOBON Nblayu npeobpa3’oBanuch B MOLHbIE HAaJOXKeHHbIe
TYMYCOBble MOPH3OHTLI (COBCEM HETMIIilible AJIA JIECHbIX ITOYMB) AEPHOBOIO THMNa. ITHU
nocnenxme OTBEYAlOT MHUTEPcTaauany amepcgoopr (oxono 110—100 Thic. ner TOMYy
Ha3aj) U3 Ha4yaJlbHONO BPEMEHM MOCHEAHEro, 3HAUMT BUCIAMICKOro oseaenenns. Cpe-
A cnoeB Toro BpemeHu obHapyxenbl npusnaky obpaTHO¥M Hamaruuuennoctu (Biake
3BEHT).

3. Jléccw! Monoanre (LM), Bo3pacTom 100—15/12 ThiC. NeT, HAKOMUBIUMECA BO Bpe-
MA pocaenHero oneaeHeHua Bucabi—Blopm. Ony najiayqiume cOXpaHMIUCHL M XOPO-
10 McChenoBanbl BO MHOTMX pa3pe3ax. Bnaronaps ToMy panblie obocioBalHaf CXe-
Ma X cTpaTMrpadMyecKOro feJIeHMA He M3Melunach Ha ocHoBauuu TJl narupoBOK.

a) Jléccnl monoabie camble Kime (LMn), 100—80/75 Thic. ner ToMy nazan Ha
ITUX CJOAX PA3IBMTLI NOYBbI MHMIUMAJbLHBLIE Oypo3eMiibie MM YEPHOIEMOBUIHLIE, OT-
BCTaKOIME paHliesleAHMKOBOMY MHTEpPCTanuany oanepaje.

6) Jlécchr monoable nuxuwe (LMd), 75—42/37 ThiC. neT TOMy Ha3aj, OTBEvalOUMe
OPeBHMM 3TanaM [OJHOIMO oJenelenuAa. Ha BepxHux MX CNOAX NJaoXopa3BuThie Oy-

Phble cyGapx‘m'lecxue, riaeesbie ¥ 60J0TUCTBIE NOYBLI COMOCTaBAAEMble C miTepcragmMa-
JIOM X€HTreJo.

B) Jléccnl monoable cpennme (LMs), 37—30/28 Thic. 1€T TOMY Ha3aj, OTBeualoye
CpemM TaMaM IOJIHOTO oJeneHenmAa. Bepxiue ux ciou npeobpa3oBaHHble B NOYBSLI
moxoxue Kak na LMd, conocrasnsemble ¢ yuTepcTaaManoMm aeHeKaMil.

r) Jléccnt Monoanle Bepxiime (LMg), 286—15/12 ThIC. JleT TOMY na3an, OTBeEvaloOLME
MJanumnm TanaM MOJHOMO ojenenenua. Ouu orauvaloTcs yepraMu Hanibonee xapak-
TEePHbLIMU AJA THUINIKYHOrO Jécca. Bepxuue HUX CJIOM HU3IMEHEHlIbIe no‘mooﬁpaaonannem,
KOTOpO€ HauaJoCh pa3BMBaTLCA B MO3QHENIeNIMKOBOe BpeMsa. Bepxiuue caou LMg
mpeo6pa3oBaiiible B COBpPEMeHiible Jechble mmouBbl (GH/LMg), raaBubiM o6Gpa3om
ncenmmnao:mc'rble, OTBevall e INOJOLEeHOBOMY BpE€MEHNW.

Braronapsa xopolueit coxpalleHHOCTU MOJIOAbIX JECCOB pe3ybTaTbl MX MCCJeno-
BaHMIA NPEACTABJAIOT XOPOLUYIO OCHOBY AJIA DPEKOHCTPYKUMIM SABJEHMN pPa3BUBalO-
IIUXCA BO BpeMA rJjalpMailbHONO LMKJa NOCIEAHEero oneaeleHuda. B camble pannwme
9Tanmbl 3TOTO LMKJA, 3HAYIMT B PaHHEBUCJIMHCKOe BpeMA, Ha Teppuropuu Iloabum
CcpeniieronoBble TeMnepaTypbl B 60Jee npoxnamible uiTepBanbl cuuxkanach a0 0°C. To-
T1a B YCJOBMAX LIMPOKOrO PacnpoOCTpaHEHMA CE30HHOM Mep3JOThbl pa3BMBANUCh MO-
PO3Hble TPelUMIIbI C NMEePBUUHBIM MHMHEPaJdbHBIM 3anoJHMUTeNeM, obpa3yloupe noam-
TOoHaNblble CeTU MEeJIKUX pa3MepoB. JIpeBuem.une 3Tanbl IMOJHOro oJiegeHeéHuAa Xapak-
T€PU30BaAJIUCH pa3BuUTHEM MOCTOAHIION MEep3JI0TLl] OCTPOBHOIO ¥ HECNJOLIHNOro TuIlia.
ITpu cpexneronoBhix Temmeparypax oT —2 xo —4°C o6pa30Banuch CPEeAHMX pa3me-
POB noJauroliadblible CeTHM KOHTPAKIIMOHHBIX TpeuiUH C NepBUYHDbLIM 3anojJHHUTeNEeEM
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B BUJe JIeJAHbIX KJIMHbEB 1ieGoabIOoro pa3mepa. Mep3soTa 3TOr0 THMa CYLIECTBO-
BajJla TOXe B CpeAllMX ITamax MoJiioro oJjejaeHeHMs, HaBepHo C KoJebaHuAMMU OoTBe-
YaKIIMMU NMOXO0JIOAaHUAM M NOTElJIEHUAM. B MJaguUMX 3Tanax MnoJIHOro OoJieaeHeHUudA,
npu CpeaHeroJoBbiX Temneparypax oT —5 go —8°C, pa3Buiach NOCTOAHIIAA MepP3J0-
Td CNJOLUHOrO THna ¢ 60NbLUMMM NOAMTOlIIAMM KPYNMHEHALIUX JIeAAHBIX KJIUHLEB.

COOTBEeTCTBEHII0 KJMMATHUECKMM YCJOBMAM M3MelifjJaCh CKOPOCTb HaKOMJelua
MOJIOAbIX JéccoB: OT Meiiee 0,06 MM/roa B caMble paHiiMe 3Tanbl, g0 1,00 MM/rox
B HEKOTOpPbIX CaMbIX MOJOIbIX 9Talax BMCJIMHCKOro oJepetieHusa. Cpepusaa auasa
nocJjieJHero rJjauuaJibHOr0 LUMKJa CKOPOCThL llaKONJeHKs, onpeneaeHHas B 0,1 mM/rox,
Obly1a Takaf JXKe KaK B KJaCCMYECKMX pajioHax pacnpocTpaleHuMa Jécca B EBpazum.
IIbinb HAaKanauMBajach OAHAKO O04Y€Hb HeépaBHOMEPHO, C MHHOTMMMU [1epepPbIBAMMH, IrJiaBHbIM
o6pa3oM B KODOTKOE BpEeMs I3KCTPEMaJlbHBIX ABJEliMII pa3BMBAIOUIMXCA Da3 Ha he-
CKOJbKO JeT.



