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Abstract

Tce-wedge casts and fossil frost cracks have been indetified in deposits of Early Vistulian at Stare Kurowo, NW Poland. They are
sandwiched between. two organic layers; the lower one was formed during the Brgrup Interstadial, whereas the upper one became
formed during the Odderade Interstadial. The presence of ice-wedge casts in such a clear stratigraphical situation implies that the period
between both interstadials was a cold period of stadial rank. It promoted the¢ development of permafrost and it was called the Stare
Kurowo Stadial. :

INTRODUCTION

A few years ago DYLIKOWA (1978, p. 171) concluded: “Our present state of
knowledge of the environmental characteristics included into the notion of
periglacial zone, which strongly differentiated in geographical s p a c e, requi-
res the same differentiation as regards the climatic changesin t i m e duringthe
Pleistocene and particularly during the last cold period (Wiirm)”. This conclusion
coincided with DYLIK’s (1963, 1966) earlier views. DYLIK emphasized also the
importance of reconstruction of the history of permafrost and its palaeoclimatic
implications. DYLIKOWA’s appealing conclusion becomes really significant only
if it is compared with information on the evolution of permafrost in central and
western Europe during the Vistulian. Facts, especially those concerning the Early
Vistulian, are strikingly scarce. Note should also be made that many workers are
not able to determine the exact stratigraphical position of structures and/or
periglacial deposits because of hiatuses in geological sections.

For instance, it is reported (VANDENBERGHE and KROOK, 1981) that in
western Europe there exist strong.cryoturbations and large [ossil ice wedges
related to a very cold climate and the presence of permafrost over a period
between Brgrup and Hengelo interstadials or in the pre-Amersfoort and
post-Amersfoort periods. (DE MOOR, 1981). Following MAARLEVELD’s (1976)
suggestions, the oldest ice-wedge casts identified till now in the Netherlands
developed earlier than the Moershoofd Interstadial Complex and later than the
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Early Vistulian. BERGERSEN and FOLLESTAD (1971) as well as HILLEFORS (1974)
assigned the age of Early Vistulian to ice-wedge casts found in Scandinavia, using
geochronometrical criteria. Those structures are older than 42,000 or 36,000
radiocarbon years BP. Fossil periglacial environment is also traces in the Early
Vistulian of Scania (BERGLUND and LAGERLUND, 1981). Its traces are younger
than the Slatterod/Brgrup Interstadial.

The problem of age determination is alike if fossil periglacial structures of Early
Vistulian in the territory of Poland are dealt with. JAHN (1969, 1975) describes the
oldest ice-wedge casts within loess as having been formed immediately after the
Brgrup Interstadial. In GoZDzIK’s (1973) opinion, involutions and congelifluc-
tion lobes developed in the £6dz Upland during that period of the Early
Vistulian. In the stratigraphy of Polish loesses, JERSAK (1973) places the first sand
wedges before the Brgrup Interstadial. On the other hand, MARUSZCZAK (1980)
identifies frost cracks-of Early Vistulian in loesses but he makes no attempt at
defining their stratigraphic position in more detail.

The relative age of periglacial structures mentioned in the above anmples was
deduced from not always sufficiently clear stratigraphical positions and from the
_so called general palacogeographical knowledge of climatic changes during Early
Vistulian. In the situation as that described above, reconstruction of palaeo-
geographical events associated with the presence of permafrost (STARKEL, 1977;
KARTE, 1981) during the Early Vistulian must be obscure.

DyLIKOWA’'S (1978) appealing statement is thus justified. A search for new sites
of periglacial structures in well defined stratigraphical positions among the
Vistulian deposits is required as it remains the only means of learning the history
of permafrost of that particularly important period of the Pleistocene. Because of
that, a report on studies of periglacial structures at the site Stare Kurowo is
presented. The structures are developed in a very convenient stratigraphical
situation, the study of which has become advanced in the recent years
(KOZARSKI, et al., 1980, 1982). o

LOCATION OF THE SITE

The discussed geological section which reveals periglacial structures of Early
Vistulian has been found in a brick-yard pit at Stare Kurowo (Fig. 1). The pit is
located in the scarp of the Torun — Eberswalde Pradolina. The section through
Vistulian sediments exposed there reaches down to the depth of 185 m
(KOZARSK], et al., 1982). The pradolina scarp cuts there into a morainic plateau
covered with ablation sediments on the surface (KASPRZAK, 1981). The sediments
date back to a period of recession of the last ice sheet from the extent line of the
Poznan Phase to the extent line of the Pommeranian Phase.
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Fig. 1. Location map of site Stare Kurowo

STRATIGRAPHY

With regard to the problem discussed in this paper only the stratigraphy of
Early Vistulian deposits exposed in the lower part (14.5—18.5 m) of the section
(Fig. 2) at Stare Kurowo (KOZARSKI, et al., 1980, 1982) will be presented. '

The lower part of the section consists of cross-laminated medium-textured
sands that contain organic bands at their top (Fig. 2). The entire thickness of the
sands remains unknown. The sands are overlain by a layer of decomposed fen
peat. The peat is basically pure as it contains merely thin and sparse sand lenses
and/or bands. The thickness of peat approaches 1.0 — 1.2 m. The peat is covered
with a thin (0.4 m) layer of laminated finé-textured sands and silts of the flood
facies, containing laminae of organic matter. Silt-banded fine sands lie above. The
whole layer is up to 1.7 m in thickness and consists of sediments deposited by
vertical accretion on the floodplain surfaee. :

Sandy peat and a layer of si1t-banded fine sands, in particular, are strongly
disturbed by ice-wedge casts and frost cracks (Fig. 2, Pl. 1). Another layer of
organic sediments, 0.2—0.3 m thick, lies at the top-of the fluvial series. It is
truncated by an erosional surface (Fig. 2): The base of the organic layer is
irregular in pattern (Pl 4) and the organic matter penetrates sometimes into ice-
wedge casts. ' : :
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Fig. 2. Stratigraphical position of Early Vistulian ice-wedge casts and fossil frost
cracks at Stare Kurowo

From palaeobotanical studies including pollen analysis and macrofossil
analysis carried out by TOBOLSKI it can be inferred (KOZARSKI, et al., 1981, 1982;
KozARSKI, 1980, 1981) that the lower organic layer was formed during the
Brgrup Interstadial, whereas the upper organic layer accumulated during the
. Odderade Interstadial. Thus, this permits the exact determination of the
stratigraphical position of ice-wedge casts and fossil frost cracks occurring
between both organic layers at the site Stare Kurowo (Fig. 2). In such a situation
as that described above, periglacial phenomena alone are of major stratigraphic
and palacogeographic significance. Evidence of the statement that their develop-
ment is related to the presence of permafrost is only required.

DESCRIPTION OF PERIGLACIAL PHENOMENA

Periglacial phenomena have been studied in vertical and horizontal planes.
One of the basic requirements (BLACK, 1976; DYLIK, 1963) for correct analysis of
thermal contraction structures has thus been fulfilled. The above structures are
developed in the main layer of flood deposits (Fig. 2) as epigenetic and
intraformational structures. In the vertical plane they have the shape of: (1)
narrow cracks, about 0.5 — 2.0 m in lenght, with wedge-like widening by 5— 10 cm
in the upper parts, (2) sharply marked wedges, up to 1.5 m long, the upper parts of
which contain the slump zone with a width ranging from 0.5 to 0.8 m at the most
(PL 1), and (3) irregular sacks bent at the bottom which, together with an
expanding vein, are over 1.5 m in length (Pl 2).

Structures under (2) and (3) were filled from the top and sides. Evidence for the
filling of wedge structures in top parts is provided by organic matter derived from
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PL 1. Ice-wedge cast between deposits of Brgrup and Odderade
Interstadials

Photo by S Kazarski

PL 2. Sack-like structure in flood deposits
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Pl. 3. A fossil frost crack in horizontal plane
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Pl 4. Slightly cryoturbated bottom part of Odderade Interstadial
organic laver
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the upper layer (Odderade). It penetrates into the topmost parts of wedges. On
the other hand, filling from the sides following the melting out of fissure ice
becomes apparent in the form of many small gravity faults in the host material
(PL. 1). The mineral fill of sack-like structures is entirely foreign to the host
material and unconsolidated. The particle-size distribution of sandy fill (coarse
sand) differs from that of flood deposits (fine sands and silts) in which the above
structures are present.

The structures under consideration were also studied in the horizontal plane
(Pl. 3). The distance between wedge structures that are first order structures
exceeds 5 m whereas the distance between frost cracks is smaller than 5 m. The
structures are organized in a distinct polygonal pattern, as can be mferred from
the study of their exposed parts.

All the features of fossil periglacial structures identified and descrlbed here are
of diagnostic value (BLACK, 1976; JAHN, 1975, 1978; ROMANOVSKIJ, 1973;
GozDZIK, 1973, 1978, WASHBURN, 1979) and permit the structures to be
recognized as phenomena produced in permafrost.

Small-scale deformations at the base of the upper organic layer are also
thought to be cryoturbate origin (Pl. 4). They reveal features of deformations
associated with the active layer that was formed after the deposition of the upper
organic layer. Thus it is the remainder of a younger active layer compared with
ice-wedge casts and fossil frost cracks discussed above. That active layer was
formed during a cold period following the Odderade Interstadial.

, DISCUSSION AND CONCLUSIONS

In the past decade many workers studying periglacial phenomena (BLACK,
1976; FRENCH, 1976; JAHN, 1975, 1978; GOzZDZIK, 1973, 1978; ROMANOVSKIJ,
1973; WASHBURN, 1979) have been in'agreement on at lest two points concerning
ice-wedge casts, namely on that of: (1) origin of ice-wedge casts that grow as-
thermal contraction progresses, and that of (2) their role as unquestionable
indicators of permafrost.

Differences in views between them include temperature conditions controlling
the origin of thermal contraction cracks and the development of ice wedges,
substratum characteristics and a relationship between mean annual air tempera-
ture (MAAT) and the formation of thermal contraction cracks. PEWE (1966, 1973)
used the — 6°C to — 8°C isotherm of mean annual air temperature (MAAT) as a
boundary marking the occurence of active ice wedges in North America. In his
studies from Siberia ROMANOVSKIJ (1973) reported that ice veins are present in
alluvial fine sands near rivers and on floodplains when the ground temperature is
—5°C, —6°C, or most probably, even colder. The mean ground temperature in
clayey-sandy sedimentsis — 7 and — 8°C. Yet, ROMANOVSKI1J states that thermal
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contraction cracks are generated in alluvial sandy-silty and sandy-clayey

sediments when ground temperatures range between —2 and —4°C. BLACK

(1976) and WASHBURN (1979) accept that the activity of ice wedges is conditioned
by the temperature of — 5°C. BLACK’s comments are of special importance. In his
opinion, regions of continuous permafrost where temperature at the depth of no
annual change is lower than — 5°C contain active layer that is thin enough to
permit rapid drops of temperature at the top of permafrost during early winter.
Besides, from a discussion of mean annual air temperatures and ground
temperatures in permafrost regions, BLACK (1976) draws a conclusion that “the
changes of 4 to 8°C that can induce thermal contraction cracking in supersatura-
ted fine-grained sediments are controlled more by local surface conditions and

individual cold spells than by annual temperatures”. This view is consistent with

the conclusion presented recently by HARRIS (1981) who remarks that the
boundary of the continuous permafrost zone crosses the mean annual air
temperature.isotherm (MAAT). :

Perhaps palaeogeographic objectives will rather require the use of both mean
annual air temperature (MAAT) and temperature of the permafrost top and not
only of the former that is used by KARTE and LIEDTKE (1981) for determining
threshold climatic values controlling the distribution of periglacial phenomena.

In view of KARTE and LIEDTKE’S (1981) concept, data provided by them and
values given by BLACK (1976), threshold climatic values for the site Stare Kurowo
through a period between the Brgrup and Odderade Interstadials are as follows:

MAAT (mean annual air temperature): —4 to — 8°C, additional climatic

indication: permafrost temperature at the depth of no annual change:
—5°C; rapid temperature drops in early winter by at least 4 to 8°C.

MAP (mean annual precipitation): 50 to 500 mm. :

The above estimated threshold climatic values permit the period between the
Brgrup and Odderade Interstadials to be recognized as a cold one and to be
ranked as a stadial. In view of an exceptionally clear stratigraphical situation of
the above palaeoclimatic indicators, the use of the term “Stare Kurowo Stadial”
for the designation of that period (Fig. 2) appears valid from at least the regional
viewpoint (KOZARSKI, 1980, 1981). The Stare Kurowo Stadial can be correlated
with a period recognized by WELTEN (1981) on the basis of the palacobotanical
record and termed “Die dritte Frithwiirm-Kaltphase” (FW-St. 3) and with a sub-
Arctic phase proposed by MENKE (1982) to define a period between Brorup and
Odderade Interstadials in NW Germany.

From palaeobotanical data (KOZARSKI, et al., 1980, 1982) and sedimentologi-
cal facts obtained from the geological section at site Stare Kurowo it can be
inferred that climate deteriorated gradually during that stadial. The pollen
diagram (KOZARSKI, et al., 1980, 1982) first shows forest retreat and at the same
time shrubs and herbaceous plants expansion at the top of Brgrup sediments.
This part of the section is remarkably distinguished by sand intercalations which
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mean a change in deposition due to the changed runoff conditions. Above the
peat strongly interbedded with sand the deposition of organic matter ceases
completely. Merely, mineral deposition of fluvial sediments of the flood facies
takes place. Vegetation must have then disappeared to a larger extent from the
river basin since over bankfull discharges were frequent. The floodplain remained
entirely unvegetated. During the deposition of sediments by vertical accretion
aggradation of permafrost occurred, resulting in intraformational frost cracks
and ice-wedge casts. When ice was still present in wedges, accumulation of the
upper organic layer began. It was the beginning of climate amelioration
associated with the Odderade Interstadial already. Fossilization of ice wedges
occurred then, as can be inferred from the presence of organic matter derived
from the upper layer in their topmost parts. Thus, it appears that the site Stare
Kurowo represents a rather complete record of a cold climatic change ranked asa
stadial between the Brgrup and Odderade Interstadials.

ACKNOWLEDGEMENT

The field work at site Stare Kurowo as well as some of the interpretations
which have been partly incorporated into this paper have been made to Dr. K.
TOBOLSK]I, assistant professor and Dr. B. NOWACZYK. I am grateful to them for
allowing me to publish this paper containing the stratigraphical evaluation of
periglacial phenomena. L. KASPRZAK, M. Sc. I am ‘indebted for technical
assistance at drawings and for courtesy in reproducing Pl 1.

References

BERGERSEN, O. Fr., FOLLESTAD, B. A., 1971 — Evidence of fossil ice wedges in Early Weichselian
deposits at Foss-Eikjeland, Jaeren, south-west Norway. Norsk geogr. Tidskr., 25; p. 39 —45.
BERGLUND, B. E., LAGERLUND, E., 1981 — Eemian and Weichselian stratigraphy in South Sweden.
Boreas, 10; p. 323 —362.

BLACK, R. F., 1976 — Periglacial feature indicative of permafrost: ice and soil wedges. Quaternary
Res., 6; p. 3—26.

DE MOOR, G, 1981 — Periglacial deposits and sedimentary structures in the Upper Pleistocene
infilling of the Flemish Valley (NW Belgium). Biul. Peryglacjalny, 28; p. 277 —290.

DyLIK, J., 1963 — Nowe problemy wiecznej zmarzliny plejstoceniskiej (résumé: Nouveaux problémes
du pergélisol pléistocéne). Acta Geogr. Lodziensia, 17. ‘

" DyLik, J, 1966 — Znaczenie peryglacjalnych elementéw w stratygrafi i “plejstocenu (résumé:

Importance des éléments périglaciaires dans la stratlgraphle du Pléistocéne). Czas. Geogr., 37,

p- 131—-151.

DYLIKOWA, A., 1978 — Fossil frost- and ice wedges. Introduction. Biul. Peryglagjalny, 27 P 171 —172

FrENCH, H. M 1976 —~ The penglamal environment. London, New York.

GoOZDZIK, J.,, 1973 — Geneza i pozycja stratygraficzna struktur peryglacjalnych w §rodkowej Polsce
(summary: Origin and stratigraphical position of perlglaCIal structures in‘Middle Poland). Acta
Geogr. Lodziensia, 31. :



170 » S. Kozarski

GoZDZIK, J. S., 1978 — Detailed analysis of fossil contractional frost fissures. An instruction. Biul.
Peryglacjalny, 27; p. 172—-175.

HARRIS, S. A, 1981 — Climatic relationships of permafrost zones in areas of low winter snow-cover.
Biul. Peryglacjalny, 28; p. 227 — 240.

HILLEFORS, A., 1974 — The stratigraphy and genesis of the Ddsebacka and Fllesbo drumlins.
A contribution to the knowledge of the Weichsel-glacial history in western Sweden. Geol. Foten.
Stockholm Forhandl., 96; p. 355—374.

JanN, A, 1969 — Structures périglaciaires dans 1es loess de la Pologne. Biul. Peryglac;alny, 20;
p. 81—-98.

JAHN, A., 1975 — Problems of the periglacial zone. Warszawa.

JAHN, A., 1978 — Classification of the pleistocene frost- and ice-wedge structures. Biul. Peryglacjalny,
27, p. 1751717

JERSAK, J., 1973 — Litologia i stratygrafia lessu wyzyn potudniowej Polski (summary: Lithology and
stratigraphy of the loess on the southern Polish uplands). Acta Geogr. Lodziensia, 32.

KARTE, J., 1981 — Zur Rekonstruktion des weichselhochglazialen Dauerfrostbodens im westlichen
Mitteleuropa. Beitrige zur Glazialmorphologie und zum periglazidren F ormenschatz Bochumer
Geogr. Arb., 40; p. 59—171.

KARTE, J., LIEDTKE, H., 1981 — The theoretical and practical definition of the term “periglacial” in its
geographical and geological meaning. Biul. Peryglacjalny, 28; p. 123—135.

KASPRZAK, L., 1981 — The facial differentiation of the tills of glacial series at Stare Kurowo, NW
Poland. Quaestiones Geographicae, T; p. 73 —89.

KOZzARSKI, S., 1980 — An outline of Vistulian-stratigraphy and chronology of the Great Poland
Lowland. Quaternary Studies in Poland, 2; p. 21 —35.

KozaRsky, S., 1981 — Stratygrafia i chronologia Vistulianu Niziny WlClkOpOlSle_] (summary:
Vistulian stratigraphy and chronology of the Great Poland Lowland). PAN, Oddz. w Poznaniu,
ser. geogr., 6.

Kozarski, S., Nowaczyk, B., ToBoLskl, K., 1980 — Wstepne wyniki badan osadéw stanowiska
interstadiatu Brgrup w Starym Kurowie koto Drezdenka (summary: Results of studies of deposits
assigned to the Brgrup Interstadial). Przegl. Geol., 4; p. 210—214.

Kozarskl, S., Nowaczyk, B., ToBOLSKI, K., 1982 — Stratigraphy of Vistulian deposits in north-west
Poland. A case study at site Stare Kurowo. Project 73/1/24 Quaternary Glaciations in the
Northern Hemisphere, Report no. 7 on the session in Kiel (F.R.G.), September, 18 —23, 1980;
p. 115-126. :

MAARLEVELD, G. C., 1976 — Periglacial phenomena and the mean annual temperature during the last
glacial time in the Netherlands. Biul. Peryglacjalny, 26; p. 57—78.

MaRruszczak, H.,, 1980 — Stratigraphy and chronology of the Vistulian loesses in Poland.
Quaternary Studies in Poland, 2; p. 57—76.

MENKE, B., 1982 — On the Eemian Interglacial and Weichselian Glacxal in Northwestern Germany
(vegetatlon stratigraphy, palaeosols, sediments). Quaternary Studies in Poland, 3; p. 61 —68.
PEwE, T. L., 1966 — Palaeoclimatic significance of fossil ice wedges. Biul. Peryglacjalny, 15; p. 65—73.
PeEwg, T. L., 1973 — Ice-wedge casts and past permafrost in North America. Geoforum, 15; p. 15— 26.
ROMANOVSKIJ N. N,, 1973 — Regularities in formation of frost fissures and deve]opment of frost

fissure polygons. Biul.. Peryglacjalny, 23; p. 235—277.

STARKEL, L., 1977 — The palacogeography of mid-and east Europe during the last cold stage, with
west European comparisons. Phil. Trans. R. Soc. London, B 280; p. 351 —372.

VANDENBERGHE, J., KROOK, L., 1981 — Stratigraphy and genesis of Pleistocene deposits at Alphen
" (Southern Netherlands). Geol. Mijnb., 60; p. 417 —426. : .

WASHBURN, A. L., 1979 — Geocryology. A survey of periglacial processes and environments. London.

WELTEN, M., 1981 — Verdrangung und Vernichtung der anspruchsvollen Geholze am Beginn der
letzten Eiszeit und die Korrelation der Frihwiirm-Interstadiale in Mittel- und Nordeuropa.
Eiszeitalter u. Gegenwart, 31; p. 187-202.



