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Lithology and stratigraphy of Pleistocene
loess-like deposits in the Zatubincze section
(Nowy Sacz Basin — QOuter Carpathians)

Silt loess-like deposits of a considerable thickness occur on the margins of the Nowy Sacz Basin. The most complete
section is placed at Zatubificze near the nortbem border of Nowy Sqgez. Palacomagnetic data, TL dating and the
occurrence of palacosols allow determination of heterochronous parts of the section. The discussed loess-like
deposits are covered by fluvial deposits, which can be connected with the South-Polish Glaciation. Three parts:
lower, middle and upper have been distinguished in the outcropping silty deposits. Samples with ncgative magnetic
inelination occur in the lower and middle part of the section. The lowermost has been interpreted as the Emperor
event and the uppermost as the Biwa I1 — Chagan event Furthermore, uppermost samples from the middie part
reveal evidence of a palagomagneltic excursion interpreted as Jamaica excursion (BiwaI 7). TL dating reveals ages
between 81 and 411 ka. The deposits represent the San, Wilga, Liwiec, Odra, Vistula glaciations and the Mazovian
Iand Iinterglacials. The Warta Stage, Lublin (Zbdjno) and Eemian interglacials deposits have not been discemed.

INTRODUCTION

Loess-like clayey-silty deposits from the edges of the Nowy Sacz Basin were described
by V. Uhlig (1888), J. Smoleriski (1918), M. Klimaszewski (1937, 1948), J. Cegla (1965,
1972), S. W. Alexandrowicz (1987), J. Butrym, W. Zuchiewicz (1985) and W. Zuchiewicz
(19854, b). In most of the described outcrops sediments lack any fossil content. Only a few
profiles from the Carpathians bear malacofauna from the youngest Pleistocene (S, W.
Alexandrowicz, 1987; S. W. Alexandrowicz et al., 1991) and their accumulation is con-
nected with so-called younger loesses according to H. Maruszczak (1986). S. W. Alexand-
rowicz {1987) stated, on the basis of malacofauna investigations, that the clayey-silty
sediments were deposited during the last cold period of the Pleistocene in a cold steppe or
a steppe-tundra environment. Poorly preserved palaeosol horizons in these sediments are
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Fig. 1. Map of loess-like deposits distribution in the Nowy Sacz region

! — clays, sands and gravels of flood terraces, 1-3 m in hcight; 2 — fluvial clays, muds, sands and gravels of
supra-flood terrnces with fen soil accumulation, 3-6 m in height; 3 — fluvial clays, sands and gravels of flood
terraces, 8—12 m in height; 4 — fluvial clays, sands and gravels of flood terraces, 15-20 m in height; 5 — Tuvial
clays, sands and gravels of flood lerraces, 2540 m in height; 6 — fluvial clays, sands and gravel of flood terraces,
50-65 min height; 7 — silts, clays, clays with debris, blocks and rock boulders —andslide colluvia; 8 — silty
clays and loess-like muds; 9 —detuvial-solifTuction clays, sands and clays with debris; 10— clays, clays with rock
debris of various origin, and outerops of pre-Quaternary deposits; 11 — alluvial fans; 12 — low fluvial terrace
escarpments; [3 — high fluvial terrace cscarpments; [4 — rock landslide niches; 15 — brickwork escarpment; 16
— borehole; 17 — line of geological cross-section; 18 — section localization

Mapa rozmieszczenia utwordw lessopodobnych w rejonie Nowego Sacza

1 — gliny piaski i Zwiry taraséw zalewowych o wysokoéci 1-3 m; 2 — gliny, mutki, piaski i Zwiry rzeczne tarasdw
nadzalewowych z nadbudowsg mad o wysokofei 3-6 m; 3 — gliny, piaski [ Zwiry rzeezne laraséw o wysokosci
8-12 m; 4 — gliny, piaski i Zwiry rzeczne tarasdw o wysokogei 15-20 m; 5 — gliny, piaski i #wiry rzeczne larasGw
0 wysokog§ei 25-40 m; 6 — gliny, piaski i Zwiry rzcezne taras§w o wysokosci 5065 m; 7 — ity, gliny, gliny z
rumoszem, bloki i glazy skalne — koluwia osuwiskowe; 8 — gliny pylaste i mutki lessopodobne; 9 — gliny, piaski
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supposed to be Late Glacial (J. Cegta, 1965) or older —interpleniglacial (L. Starkel, 1984).
The investigations of M. Krysowska-Iwaszkiewicz and A. Wéjcik (1990) in Doty Jasielsko-
-Sanockie show the complex history of clayey-silty sediments cccutting on slopes. They
are mainly from the North-Polish (Wista) Glaciation, and their age has been determined on
the basis of the 14C method on organic remains (M. Krysowska-Iwaszkiewicz, A. Wojcik,
1990; T. Gerlach, 1991; T. Gerlach et al., 1993). In the vicinity of Przemy§] (edge of
Carpathians}, sections with Joesses older than the Last Glaciation occur (A. Malicki, 1972;
H. Maruszczak ef al, 1972; H. Maruszczak, 1991).

A large area of the northern edge of Nowy Sacz Basin is covered by loess-like
clayey-silty sediments (Fig. 1), which in some parts reach a considerable thickness — up
to 30 m in the vicinity of Podegrodzie (N. Oszczypko, A. Wéjcik, 1993). They cover
Cretaceous and Tertiary flysch deposits, Miocene marine and fresh-water deposits, as well
as Quaternary fluvial deposits (Figs. 2, 3). The best outcrop of these loess-like sediments is
placed in the Zalubiricze brickyard (Fig. 1), which was described by W. Zuchiewicz ([985a)
and J. Butrym and W. Zuchiewicz (1985, 1991). On the basis of TL dating, W. Zuchiewicz
(1985a) assumed that the accumulation of a part of these deposits took place during warmer
periods — interglacials, which 1s in total contradiction with earlier investigations carried
out in other parts of the Carpathians (J. Dziewanski, L. Starkel, 1967). Palaesomagnetic
investigations were made for the upper part of the profile by J. Nawrocki ef al. (1988). The
following years brought further investigations of the discussed section.

LOCALITY AND SECTION CHARACTERISTICS

The exploitation area for the Zatubificze brickworks is situated at the northern border
of Nowy Sacz (Fig. 1). Outcropping loess-like clayey-silty deposits have a thickness of 19
m. They occur on a flattened lobe, 320360 m a.s.1. high, built of Magura sandstones (N.
Oszczypko, 1973), covered by Quaternary fluvial deposits of the Lubinka and Durajec
rivers. The flat bottom of Nowy Sacz Basin, covered with various terraces of the Dunajec,
Kamienica and Lubinka rivers (Figs. 1-3), is bordered from the northern the steep, by 60-70
m high slope of the lobe. In the southern part of the lobe the investigated foess-like deposits
have the largest thickness (Figs. 2, 3). In the vicinity of Roszkowice, thickness ranges
between 18 and 21 m. To the north with the rise of the lobe’s height, the loess-like deposits’
thickness decreases (Fig. 2). The lobe’s slopes are also covered with rather thin muds and
in many localities the underlying Eocene Magura sandstones are visible. Deluvial muds
occur in the lower part of the slope (Figs. 1, 2).

The loess-like deposits’ sequence is underlain by a palaeoterrace (Figs. 2, 3) built of
muds, sandstones and gravels, mainly sandy with single boulders of granite and quartzite
from the Tatra Mts. Alluvial deposits crop out in the bottom of the exploited area and in

oraz gliny z ramoszem deluwialno-soliflukcyjnym; 10 — gliny, gliny z romoszem skalnym réznej genezy oraz
wychodnie utwordw przedczwartorzgdowych; 11 — stozki naplywowe; 12 — krawedzie taraséw rzecznych —
niskie; 13 — krawedzie taraséw rzecznych — wysokie; 14 — nisze osuwisk skalnyeh; | 5 — skarpa wyrobiska; 16
— otwdr wiertniczy; 17 — linia przekroju geologicznego; 18 — lokalizacja profilu
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Fig. 2. Geological cross-seetion A—C

1 —fluvial clays, muds, sands and gravels of present river beds; 2 — fluvial sands; 3 — high fluvial terrace gravels,
sands and clays; 4 — loess-like clays and muds; 5-— deluvial clays and sands; 6 — clays and elays with rock debris
of various origin; 7 — sandstones and shales of the Magura beds; 8 — borehole section

Przekrdj geologiczny A-C

1 — gliny, mutki, piaski [ 2wiry reeczne wspélezesnych den dolin; 2 — piaski rzeczne; 3 — zwiry, plaski i gliny
rzeczne tarasbw wysckich; 4 — pliny 1 mutki lessopodobne; 5 — gliny 1 piaski deluwialne; 6 — gliny i gliny z
rumeoszem skalnym réinej genezy, 7 — piaskowee i fupki warstw magurskich; 8 — profil ctworu wiertniczego

road cuts. The Magura sandstone base lies 55-57 m above the present Dunajec river bed.
N. Oszczypko (1973) and N. Oszczypko and A. Wéjcik (1992, 1993) associated the
accumulation of fluvial deposits with the South-Polish Glaciation, whereas W. Zuchiewicz
(19854, 1992) dated this as the Giinz Glaciation.

The Zatubiricze outcrop is composed of silty deposits, mainly loess-like silty muds and
muds and silty clays, yellowish-brown in colour, separated by ashy, grey and ashy-yellow
horizons (J. Nawrocki et al., 1988). The dry outcrop wall showed a few lighter horizons,
interpreted as fragments of illuvial pedohorizons (N. Oszczypko ef al., 1985; W. Zuchie-
wicz, 1985a). The morphological position of these deposits testifies to their aeolian origin.
Their occurrence on top of a flattened lobe (Figs. 2, 3) excludes a deluvial origin. Similar
outcrops occur jn the eastern part of the Carpathians at Orzechowce and Pikulice (A.
Malicki, 1972; H. Maruszczak et al., 1972). Their accumulation is connected with colder
spells of the Pleistocene. Laboratory tests by J. Cegla (1972) show that loess accumnulation
depends not only on vegetation cover but also on soil humidity, which had influence on
loess sedimentation during the Pleistocene in Poland.
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Fig. 3. Geological cross-section B—C
Explanations as in Fig. 2

Przekrdj geologiczny B—C
Obja¢nienia jak na fig. 2

The discussed section is one of few with loess-like deposits in the Carpathians, recently
termed Carpathian loess (T Gerlach er ai, 1993) or mountain — Carpathian loess (H.
Maruszezak, 1991), of a considerable thickness and with deposits older than the Last
Glaciation. Qver a dozen layers varying in characteristics, among them horizons of fossil
soil at different stages in the of pedogenetic process, have been distinguished in the section,
The latter are partly visible in the outcrop as lighter horizons. The loess-like deposits profile
at Zatubincze is as follows:

Depth in metres

0.00-0.30
0.30-1.65

1.65-1.80
1.80-2.30
2.30-2.76
2.76-3.40

3.40-3.66

Ltthologic deseription

Grey clayey soil.

Silty loess-like muds, yellow, graduall y passing into yellow-brownish with ashen irregular spots.
Horizontally stratified below 1.20 m.

Silty loess-like muds, dark yellow, distinctly laminated with light yellow silt. Distinet transition
in upper part.

Silty loess-like muds, dack yellow, pactially passing into light brown with poorly visible, iregular
lamination {(1-5 mm) of light yellow silt and with light hrown spots.

Silty loess-like muds, light yellow, with single brown spols. Brown silty deposits in lower part
{below 2.66 m).

Muds and silty loess-like muds, yellow. Below 3.10 m with yellowish-green spots with brown
contour (gleyization traces).

Silty foess-like muds, ashen-yellow, with poorly visible, discontinuous ashen and brownish-
black lamination, and with single concretions.
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3.66-4.05 Loess-like muds, yellowish-brown, with single coneretions (1-3 cm in diameter).

4.05-4.70 Silty loess-like muds, yellow and yellowish-brown, with horizontal light ashen and rusty
tamnination and with black spots.

4.70-5.24 Silty locss-like muds, brownish-yellow, occasionally with vertical and diagonal nacrow ashen
spots {root gleyization traces) and with traces of horizontal lamination.

5.24-3.50 Locss-like muds, yellowish-brown, with poorly visible lamination.

5.50-6.20 Silty loess-like ruds {in tower part stlty-sandy muds), light ashen and yellow, with o mixed

block-clotty (masble) structure, with signs of lamination, Distinct upper boundary — erosional
surface. Lower part reveals distinct brownish-rusty and ashen lamination. Layer with distinct
rurbulence occurring as a system of fissures and palygons filled with brown, ashen and rusty silt.

6.20-7.00 Silty and silt-sandy loess-like muds, brownish-yellow, with pooriy visible ashen, light brown
and rusty laminalion and spots, gradual teansition.

7.00-7.65 Silty loess-like muds, light yellow wilh nests of clayey sand.

7.65-7.70 Silty loess-like muds, light brown.

7.70-8.30 Silty-sandy loess-like muds, yellow, laminated withdark yellow aleuritic sand. Single ashen and
rusty spots below 8.00 m.

8.30-8.60 Silty-sandy loess-like muds, yellow. Distinet transition. Occasionally, poorly visible [amination.

8.60-9.95 Silty and siity-sandy loess-likc muds, yellowish-brown with delicate horizontal lamination in

the upper part {up to 8.57) and light ashen spots in the lower part {gleyizalion 1races) and black
spots (manganesc?).

9.95-10.28 Silty muds and loess-like muds, [ight yellow with black spots.

10.28-10.55 Silty muds and silty-sandy loess-like muds, greyish-yellow, with brownish-black and blackish-
grey spots (humus) and rusty lamination in the lower part.

" 10.55-10.97 Silty-sandy loess-like muds, yellowish-grey with black spots.

10.97-11.40 Silly muds and silty-sandy loess-like muds, grey with black spots.

11.40-12.20 Silty muds and siity-sandy [ocss-like muds, dark yellow, with diagonal narrow light ashen spots
resembling a root system (root gleyization?).

12.20-13.20 Silty muds and silty-sandy Joess-like muds, yellowish-brown and brownish with black spots,
lighter in the lower part (below 12.50 m).

13.20-13.95 Silty muds and silty-sandy loess-like muds, brownish-yellow with ashen spols in the lower part.

13.95-14.45 Silly-sandy loess-like muds, yellowish-brown with poorly visible ashen lamination.

Fig. 4. Zatubiiicze loess-like deposils section

A — lithology and structure: 1 — recent soil, 2 — loess-like silty muds, 3 — loess-like muds with stripes or nests
of silly sand, 4 —loess-like silty clays, 5 — sandy clays, 6 — elays, 7 —loess-like muds or silty clays with stripes
or lamination, 8 — gleyization, 9 — root gleyization, 10 —- loess-like muds with a block-clotty struciure, {1 —
clayey sands, 12 — sands, 13 — sands with gravels, 14 — rounded boulders and fluvial gravels with sandy clay;
B — TL datings in ka (dates from J. Butrym and W. Zuchiewicz (1985) arc given in brackets); C — grain
compositon of deposits (diameter of grains in millimetres): 15 — > 0.5, 16 — 0.5-0.25, (7 — 0.25-0.1, 18 —
0.1-0.05,19 —0.05-0.01,20—0.01-0.0013, 21 — < 0.0013; 22 — discontinuity surfaces — larger stcatigraphic
hiatuscs; D — diversion of grain indexes in vertical section after formulas by R. L. Folk and W. C. Ward: Mz —
median grain dizmeter, 8| — standard deviaticn, Sk — kurtosis index, KG — graphic flattening

Profil utwordw lessopoedobnych Zatubiricze

A — litclogta i struktura: 1 — gleba wspélczesna, 2 — mulki ilaste lessopodobne, 3 — mulki lessopodobne ze
smugami lub gniazdamt piasku pylastego, 4 — gliny pylaste lessopodobne, 5 — gliny piaszczysle, 6§ — gliny, 7 —
mutki tub gliny pylaste lessopodobne, smugowane lub laminowane, 8 — oglejenie,  — cglejenie pokorzeniowe,
[0 — mutki lessopodobne o strukturze bloczkowo-gmzetkowe;, 11 -— piaski zaglinione, 12 — piaski, 13 — piaski
ze Zwirami, 14 — obtoczone glaziki i Zwiry rzeczne z gling piaszezysta; B — datowania termoluminescencyjne w
ka BP (w nawiasach podanodaty z pracy J. Butryma i W. Zuchicwicza, 1985); C— sklad ziarnowy osadéw (Srednice
ziarn w milimetrach): 15 — > 0,5, 16 — 0.5-0,25, 17 — 0,25-0,1, 18 — 0,1-0,05, 19 — 0,05-0,01, 20 —
0,01-0,0013, 21 — < 0.0013; 22 — powierzchnie nieciaglo$ei — wigksze luki stratygraficzne: D — zmiennosé
wskaZnikédw uziamienia w profilu pionowym wedhug wzordw R. L. Folka i W, C. Warda: Mz — §rednia $rednica
ziama, §1 — odchylenie standardowe, §kj — sko§no§¢ graficzna, KG — splaszezenie graficzne
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14.45-15.27 Silty loess-like muds, yellow with black spots, occasionally with sand admixture.

15.27-1598 Silty loess-like muds, yellow with ashen, ashen-black and greyish-brown lamination and spots
in the upper part (up to 15.32 m). Deposit lighter in celour in the lower part with ashen spois
(gleyization traces) and ashen lamination.

15.98-16.30 Silty muds and silty-sandy loess-like muds, brown, in lower part light brown.

16.30-16.85 Siity loess-likc muds, light yellow with black spots (manganese spots?) and poorly visible rusty
and brownish lamination. Gradual transition.

16.85-17.10 Sandy-silty loess-like clays, yellow with dislinct brown and rusty laniination.

17.10-18.28 Silty clays and sandy-silty locss-like muds, yellowish-brown with nests and spots, ashen with a
rusty border (gleyizanon traces).

18.28-18.40 Silty-sandy loess-like muds and silty clays, ashen, with rusty laminalion, sediment yellowish-
rusly in lower part.

18.40-21.00 Silty loess-like muds and silty clays, yellgwish-grey with ashen lamination, cccasionally sandy.

21.00-21.50 Sandy clays, yellowish-ashen.

21.50-22.60 Poorly sorted sand, yellow.

22.60-22.70 Sandy clays, ashen-yellow.

22.70-23.00 Coarse-grained sand, yellow.

23.00-23.20 Sand with fine gravel.

23.20-25.00 Rounded boulders and gravels of flysch sandstones and crystaliine rocks from the Tatra Mis.,
with clayey sand.

The described loess-like section can be divided into three parts on account of distinct
erosional surfaces and pedohorizons: upper, middle and lower. The border between the
upper and middle parts of the section lies at a depth of about of 5.5 m, and between the
middle and lower parts of the section at about 11 m.

INVESTIGATION METHODS

Palaecomagnetic methods were used to determine the stratigraphic position of the
discussed sediments. Palaeomagnetic data was correlated with the standard magnetic
polarity scale. While analysing changes in palaeodeclination and palaecinclination, the
reconstruction of the environment of sedimentation was also pursued (J. Nawrocki et al.,
[988). The whole [2 m thick section was continuously sampled, giving a total of 573
samples oriented towards magnetic north. Samples were demagnetized using an alternating
magnetic field of 23 mT intensity. The optimal demagnetising field intensity value was
determined by gradual and complete demagnetization of 20 random samples. Thermomag-
netic analyses of samples reveal that magnetite is the main magnetization carrier in the
discussed sediments. Magnetic susceptibility was also measured in all of the collected
samples. The section was also tested for granulometric composition using the aerometric
method on 96 samples collected directly from the outcrop down to 19.1 m, as well as for
organic C and calcium carbonate. TL dating in the Lublin [aboratory was done twice, before
only first time (J. Butrym, W. Zuchiewicz, 1985). Results of these datings gave an age very
much earlier in comparison to the result obtained in this paper (Fig. 4). The reliability of
the method (H. Maruszezak, 1991) and of the obtained results is an open matter. New TL
datings for this section are comparahle to results from similar aeolian deposits in Peland
{H. Maruszczak, J. Nawrocki, 1991) and are consistent with absolute datings of palaeomag-
netic evenls within Quaternary marine deposits (U. Bleil, G. Gard, 1989).
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GRANULOMETRIC ANALYSIS RESULTS

In vertical section the granulometric composition of the discussed sediment does not
vary distinctly (Fig. 4). The sediment can be referred to as loess-like silty muds and
silty-sandy muds as well as silty clays, or according to pedologic terminology — clayey
dust and silty dust, occasionally clayey sand. The aleuritic fraction (0.05-0.01 mm)
dominates in the whole section (31 to 57%). For typical loesses the aleuritic fraction content
is 30--50% and according to A. Malicki (1967) the content of 0.05-0.02 fraction should go
up to 50-60%. The greatest variability occurs within the sand fraction. Content of this
fraction within the section distinctly increases between 7 and 9.6 m depth, 10 and 14 m
depth and below 16.5 m (Fig. 4). On the other hand the finest silt fraction (< 0.0013 mm)
content is constant, only in the lower part of the section is there a slight increase in grains
from 0.01-0.0013 mm in diameter.

Four main granulometric indices were calculated after formulas by R. L. Folk and W.
C. Ward (fide E. Riihle, 1973, E. Mycielska-Dowgiatlo, 1980). The median grain diameter
{Mz) for the upper part of the section varies from 5.5 to 6.0 ® and tends to decrease with
depth to 7.4 m where it amounts to 4.7 . Below that depth Mz values increase, which means
that the grain diameter decreases. For the depths 12.7 and 14.7 m, the largest Mz values
were calculated 6.7 @, Between 11 and 16 m from the surface occur sediments with grain
diameter below 6 &. In the lower part the median diameter (Mz) again increases up to 5 .
These results indicate a larger fine material content in the sedimentation of this loess-like
section. In parts with palaeosol horizons a relative increase of Mz values can be observed
(Fig. 4), which can be connected with a decrease of transportation energy or with chemical
decompoasition of host rock in consequence of pedogenetic processes. Grain composition,
as well as calculated median grain diameter (Mz) in the section, are close to typical loesses.

Graphical standard deviation index (8}, which numerically represents sediment sorting
(R. Gradziniski ef al., 1976), for the discussed section varies from 2 to 3, which means that
the sediment is poorly sorted (Fig. 4). A low sorting index for aeolian sediments is possibly
connected with varying dynamics in the depositional environment and with a nearby source
of material. Slight differences are visible in the discussed profile within the upper and lower
part. The 8, value tends to increase with depth. For the upper part, 8, values are within 2-3,
at the same time tending to decrease with depth. The lowest &, value, 1.1, was obtained for
samples from 4.8 m. Below that &, ranges from 2.5t0 3.2. On the basis of calculated standard
deviation it can be stated that the worst sorting occurs in the lower part of the section. Lower
values of &, for the middle part of the section testify to better sorting and possibly indicate
long transport from distant source areas. According to R. Racinowski and T. Szczypek
{1985) standard deviation for loesses is between 1-2. The trend of Mz and &, change through
the section is similar, especially in the middle part (Fig. 4), which suggests an interdepend-
ence of both parameters.

Skewness index (Sk|) for loess-like depesits in the section is positive, and shows
predominance of finer fraction over coarse-grained fraction (Fig. 4). Obtained results are
usually over .3. Kurtosis index (KG) ranges from 1 to 2 and indicates a leptokurtosic
distribution with a monofraction gradation arrangement. The highest values were calculated
for the upper part of the section, the lowest for the lower part. High kurtosis index values
are supposed to indicate a monopopulation system (E. Mycielska-Dowgialio, 1980). Most
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Fig. 5. Palacomagnetic data for Zalubificze section

a — magnetic polarity: 1 — normal, 2 — reversed; b -— palacomagnetic inclination; ¢ — palacomagnelic
declination; d — magnetic susceptibility

Dane paleomagneryczne dla profilu Zatubiricze

a — polamo$é magnetyczna: 1 — normalna, 2 — odwrotna; b — inklinacja paleomagnetyczna; ¢ — deklinacja
paleomagnetyczna; d — podatno$é magnetyczna
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samples from the section reveal a unimodal frequency curve. In most cases the modal value
occurs in the aleuritic fraction, with a maximum at 5 @ diameter. Occasionally in the middle
part of the section a second mode for the fraction 7-7.5 ® appears. A monomodal gradation
arTangement with sharp peaks indicates an aeolian origin of sediments, If the section
included sediments of a different genesis, i.e. deluvial clays or solifluxion clays, the
frequency curves would be polymodal, and the modal values would have varied (M.
Krysowska-Iwaszkiewicz, A. Wdjcik, 1990). The middle part of the seclion differs from
the lower and upper parts of the section on gradation index charts.

PALAEOMAGNETICRESULTS

Palacomagnetic analysis of the discussed section shows two places with reversed
magnetization {Fig. 5). Polarity reversal of the geomagnetic field has been noted at depths
between 10.75 and 11.1 m and between 18.9 and 19 m. The upper episode occurs in the
upper part of the palacosol horizon, which is the best developed pedohorizon in the section,
and in the overlying layer. The episode is threefold (Fig. 5) and can be compared to simjlar
episodes within Quaternary deposits. It has been interpreted as the Biwa II - Chagan —
Dniepr episode. This is testified by the multipartite character of the discovered inversion
(Fig. 6, not exactly opposite position of inversion palacopoles (A. N. Tretjak, 1983; F.
Wiegank et al, 1990}, as well as occurrence within both warm and cold climate deposits.
It has to be stated that the age of this episode is questionable. Sea logs from the Norwegi-
an-Greenland Sea yield an inversion, connected by U. Bleil, G. Gard (1989} with the nearest
palacomagnetic event Biwa II (dated in Japan at 282-298 ka, N. Kawai et al., 1972) — Fig.
6 — which in turn is dated at 318-347 ka in the Norwegian-Greenland Sea and cormrelated
with the 9/10 oxygen horizon. On the other hand, in Eastern Europe the Chagan — Dniepr
event is TL dated at 240-280 or 270-300 ka (Fig. 6, A. N. Tretjak, 1983, F. Wiegank et al,
1690). TL date for the Zajubiricze section, between 316 and 343151 ka (Fig. 6), are very
much closer to Norwegian-Greenland Sea date obtained by U. Bleil, G. Gard (1989). Similar
results have been obtained for a soll with palaeopole inversion in its upper part when
compared to results in interglacial soil from Nieledew (TL age 341-327 ka) (J. Butrym, H.
Maruszezak, 1983; H. Maruszezak, 1986; H. Maruszezak, J. Nawrocki, 1991). In the
Nieledew section H. Maruszczak (1986) places the Chagan palaeomagnetic event above
the palaeosol from the Mazovian Interglacial. Similar to its position in the Zalubificze
section, the palacomagnetic event within the loesses occurs in the Korolevo section
(Ukraine) and, dated at about 360 ka, is correlated with the Biwa Il event (G. A. Pospelova,
1990; O. M. Adamenko efal., 1987, 1989). Furthermore, in Ukraine and Moldavia, within
the loess-palaeosol complex, A. N. Tretjak (1983) distinguishes a y~zone, dated 315-350
ka, which is correlated with the Biwa [Tl event (F. Wiegank ef al., 1990).

Inversion in the lower part of the section is much more difficult to interpret. It is
situated below the 411461 ka date (Figs. 4, 5). It is older than the Biwa III inversion
and can be connected with the Emperor event dated by U, Blell and G. Gard (1989) at
470—484 ka (Fig. 6) and linked with the 12 or 12/13 oxygen-isotope horizon. On the
other hand, F. Wiegank ef al. (1990) date the Emperor event at 410 ka, setting the
Eluniano V event at 470 ka (Fig. 6).
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Besides parts with inverse magnetization, several places with significant variation of
inclination values, compared to values characteristic for the Quaternary dipole field, occur
within the section. The most important magnetic field excursion has been recorded at a
depth of 7.1-7.3 m. The magnetic inclination value drops down to 0° here (Fig. 5). In
deposits younger than 300 ka this magnetic event, bearing the characteristics of a magnetic
excursion, has been noted in the Greenland Sea between 180 and 200 ka and termed the
Biwalexcursion (U. Bleil, G. Gard, 1989) or Jamaica excursion (J. P. Valet, L. Meynadier,
1993). H. Maruszczak (1991) places the Jamaica excursion in the lower part of the younger
loesses and in the lower part of the palaeosol from the Lublin Interglacial. A palaeomagnetic
event, TL dated at 220260 ka in the Korolevo section (G. A. Pospelova, 1990) and termed
the Jamaica excursion, occurs in a similar stratigraphic position as in the Zatubiricze section.
In the latter, the recorded magnetic excursion is TL dated at 220-270 ka (243243 and
276+41 ka — Figs. 4, 7) and is closest to events known as Jamaica excursion — Biwa .
The palacomagnetic event in this interval noted in some loess sections of the Ukrainian
Carpathians is known as the Chagan — Dniepr event, whereas n other localities this event
has been dated as much older (G. A. Pospelova, 1990).

Record of palaeodeclination and palaeoinclination changes within the discussed section
reveals a number of discontinuities. Obtained data show that the sedimentation of the
disussed sediments was not continuous. The middle part of the section has a particularly
large number of discentinuities. Sedimentation continuity can be observed only in small
sections where the values of declination and inclination gradually rise describing secular
variation loops. In the discussed section, larger sedimentation gaps are visible as distinct
changes of declination and inclination values, 1.e., in the upper part between 4.5 and 4.7 m,
and below that at 7.0, 8.3, and 12.4 m of depth (Fig. 5). One of the larger sedimentation
gaps has been recorded at a depth of 5.5 m, estimated to last between 100 and 150 ka. At
this point inclination has a distinct transition, and declination value is between 10 and 30°,
while above itranges between 300 and 3107 (Fig. 5). The latter testifies to different magnetic
field direction during the accumulation of underiying deposits. In other parts of the section
other abrupt changes in the inclination record indicate sedimentation gaps, reaching up to
30 in number.

Climaltic conditions and depositional environment can be determined by examining
magnetic susceptibility (J. Nawrocki, 1990, 1992; H. Maruszczak, J. Nawrocki, 1991). For
Chinese loesses, increase of magnetic susceptibility is connected with a break in accumu-
lation and soil formation in warm climate conditions (G. Kukla et al., 1988). Fossil soils
within Alaskan loesses have a low magnetic susceptibility (J. Beget, 1990; J. Beget et al.,
1990), whereas much higher values have been noted in colder spells of loess accumulation.
In our study section, part of pedohorizons have much lower magnetic susceptibility values
than the underlying loesses. The lowest values have been noted in the upper part of
palaeoso] occurring at 11-12 m of depth (Fig. 5). In zones of silty clay and silt occurrence
where no palaeosol traces have been recorded, susceptibility values are the highest (Fig. 5).
The magnetic susceptibility record here is more similar to the record of J. Beget {1990) for
Alaskan loesses. It is worth noting that the largest stratigraphic gap within the Zalubiricze
section occurs in a sirnilar position on the susceptibility chart as in the stratotype section in
Nieledew (see: H. Maruszczak, J. Nawrocki, 1991), This testifies to a relatively correct TL
dating.
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STRATIGRAPHY OF THE ZAEUBINCZE SECTION IN LIGHT
OF GEOLOGICAL AND GEOPHYSICAL DATA

Stratigraphic interpretation of the outcropping section is difficult because of lack of
organic remains. Its stratigraphic position has been determined jointty with aid of palaeo-
magnetic studies and TL date. With reference to studies of palaeosols in loess covers (J.
Jersak, 1976; H. Maruszczak, 1976; J. E. Mojski, 1965) it is assumed that fossil soils
developed each time during warmer spells of interglacials or interstadials before loess
accumulation. Loess accumulation on the other hand took place during cold and cool
periods. Silty deposits were captured by vegetation, i.e., arctic moss (J. Jersak, 1965), oron
damp surfaces (J. Cegla, 1972). Figure 7 shows an attempted stratigraphic suhdivision of
the discussed section.

The lower part occurs between the 11 and 21 m depths, the lowest part of which (below
19.3 m) is known from a borehole in the bottom of the outcrop. It is topped by a palaeosol
horizon and palaecmagnetic event Biwa Il (Chagan — Dniepr ?), while the lower part is built
of fluvial deposits from the South-Polish Glaciation (San II). Fluvial deposits from the
vicinity of BrzeZna, occurring in a similar position over the Dunajec river as the ones in
Zatubificze (Fig. 2), have been TL dated at 470-516 ka (J, Butrym, W. Zuchiewicz, 1991).
Glacial deposits connected with maximum expansion of the Scandinavian glacier in the
Carpathians and their foreland were TL dated at 430-580 ka (J. Wojtanowicz, 1985; T.
Butrym, T. Gerlach, 1985; J. Nitychoruk, 1991). Rocky-accumulation terraces in the Nowy
Sacz Basin occurting at 45-60 m over the present Dunajec river bed are most probably
connected with this time interval.

Over half of the outcropping sediments occurring on alluvial deposits correspond to
oldest loesses (LN} according to terminotogy of H, Maruszezak {1986). The discussed lower
part of the section between 343-411 ka (476 ka according to T. Butrym and W. Zuchiewicz,
1985) corresponds in older terms to the Great Interglacial (E. Rihle, 1973, S. Z. Rézycki,
1978) and includes oxygen stages ('80) from 12 to 9 (N. J. Shackelton, N. G. Opdyke,
1973).

In the lowest part of the discussed section, 3.9 m thick loess-like deposits occur on fluvial
deposits. They are composed of silty clay and silty-sandy mud, yellow with ashen,
yellowish-rusty and rusty lamination, A layer of brownish-yellow clays with ashen spots
with rusty borders occurs at a depth 17.10-18.28 m from the surface and indicates
pedogenetic processes (Figs. 4, 7). This poorly pronounced pedohorizon bears signs of
pseudogleyization. It is covered by 1.83 m thick, yellow, silty clays and loess-like muds
with rusty-brown and ashen lamination and brown, silty muds to 15.27 m from the surface.
This series has been TL dated at 384£57 ka. It seems that accumulation of these sediments
took place in damper conditions, which is pointed out by a mere frequent occurrence of
rusty lamination and a decrease in magnetic susceptibility velues (Fig. 5).

Accumulation of loess-like deposits overlying fluvial sediments correspends to the
postmaxitnum phase of the South-Polish Glaciation and a coolness period, which in Peland
is termed as the Wilga Glaciation by J. E. Mojski (1985), and correlated with oxygen stage
(180) 12 (L. Lindner, 1992). The Emperor palacomagnetic event has been noted at the
18.9-19.0 m depth. 1t is older than 410 ka (Figs. 5, 6) and occurs in oxygen stage 12 (U.
Bleil, G. Gard, 1989), TL dated at 440-472 ka (N. J. Shackelton, N. G. Opdyke, 1973).
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Sedimentation of this part of the section took 70—100 ka, which has been determined on
basis of TL dating. The palaeosol (?) occurring here corresponds to a break in sedimentation
or a considerable decrease in sedimentation rate. This is also testified by a distinct transition
of inclination and declination values (Fig. 5). The susceptibility curve for this part indicates
an increase of magnetic susceptibility with a slight decrease in the gleyization zone (Figs.
4,5). TL date show that accumulation of these deposits terminated about 380 ka. According
to the terminology of H. Maruszczak (1986, 1991) for loesses, the described part of the
section can be referred to as lowermost oldest loess (LINn) and lower oldest loess (LINd),
separated by a poorly developcd palaeosol with gleyization signs (Fig. 7).

A palaeosol with a poorly preserved humus horizon (C organic 0.9-1.04% — in the
form of ashen-black, greyish-brown lamination and spots) as well as pedolization and
gleyization horizons (in the form of light ashen spots) occurs in the upper part of the
discussed series at 15.27-15.87 m from the surface. According to TL dating the palaeosol
is younger than 384 ka and older than overlying deposits, TL dated at 343 ka (Figs. 4, 7).
These results link its development with a warm period termed the Barkowice Mokre Stage
— Mazovian | Interglacial in stratigraphic subdivisions, correlated by L. Lindner (1692)
with 80 horizon 11, or corresponding to the Holsteinian Interglacial dated by M. Sarnthcin
et al. (1986) at 350-370 ka. The climatic optimum of this interglacial lasted, according to
R. Miiler (1974), not longer than 15-16 ka. The discussed fossil soil is older than the oldest
palaeosols from the Nieledew and Orzechowce sections (H. Maruszezak, 1991). It probably
corresponds to palacosol PK V1 in the Czerwony Kopiec section near Bmo (Moravia) (J.
Macoun, 1985). Magnetic susceptibility values reach their minimal values in the part of the
section with the palaeosol horizon.

Above the palaeosol in the interval between 11 and 15.27 m occurs a 4.3 m thick series
of yellow, yellowish-brown and grey, silty, loess-like muds (silty clays), within which
gleyization signs in the form of light ashy spots appear at a depth of 13.20-13.95 m. TL
dating for the upper part of this loess-like deposit gives an age of 343+51 ka. Accumulation
of the discussed loess-like deposits from this part of the section corresponds to the cold
period referred to by L. Lindner (1992) as the Liwiec Glaciation and correlated with oxygen
horizon 10 dated at 345-367 ka (N. F. Shackellon, N. G. Opdyke, 1973). This part of the
section possibly corresponds with the oldest loesses from the Nieledew section (H. Ma-
ruszezak, F. Nawrocki, 1991 and TL dated at 336368 ka. The highest values of magnetic
susceptibility have been noted in this part of the section (Fig. 5), which indicates out a
considerable cooling of climate (H. Maruszczak, J. Nawrocki, 1991). Possibly the accumu-
lation of aeolian dust in the Nowy Sacz Basin corresponds to ice-dammed sands and till
from the vicinity of the Wieprz estuary to the Vistulariver, dated at 354-372 ka (M. Zarski,
1994).

A fully documented 1.2 m thick palaeosol {(A—C horizons) occurs on Joess-like deposits
connected with the Liwiec Glaciation. It is the best developed palaeosol horizon in the
discussed section. It includes a grey silty deposit with black spots (humus horizon, C organic
0.7-1.4%), alayer of loess-like muds with signs of pedofization and occasionally with signs
of root gleyization in the form of slanting narrow spots, sometimes resembling a root system.
Distinct transition between the palaeosol and the overlying deposit is visible in the upper
part of the pedohorizon. TL dating of the palaeosol determined by the dating of over- and
underlying deposits is at 316-344 ka (Figs. 4, 7). In its upper part a distinct change of
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inclination and declination values occurs (Fig. 5), possibly connected with palaeomagnetic
event Biwa Il — Chagan. Palacoso! VI[ in the Korolevo section occurs in a similar position.
Above this patacosol the Biwa III event has been noted, TL dated at 360 ka (O. M.
Adamenko ef al., 1989). The discussed palaeosol horizon in the Zalubiricze section occurs
in a comparable stratigraphic position and has an age similar to the oidest palaeosol in the
Nieledew section (J. Butrym, H. Maruszczak, 1983; H. Maruszczak, 1986; H. Maruszczak,
J.Nawrocki, 1991). Development of this palasosol is connected with the Zbéjno Interglacial
according to L. Lindner (1992), which is supposed to correspond with 130 horizon 9 (N. J.
Shackelton, N. G. Opdyke, 1973).

After a distinct break in aeolian accumulation connected with palacosol development,
a 5.5 m thick series of sandy loess-like muds was deposited (silts and sandy silts), TL dated
at 243-316 ka (Figs. 4, 7). These results place the accumulation of sediments in the Odra
Glaciation (J. E. Mojski, 1993; L. Lindner, 1992). During accumulation of the lowermost
part of these sediments an inversed magnetization event took place. It can be correlated with
the Chagan — Biwa IT event (Figs. 5, 7) and the loesses correspond to the lowermost older
loesses (LSn — H. Maruszczak, 1986, 1991) and the Fore-maximal Stadial -—— Krzna (J. E.
Mojski, 1993).

A 0.3-0.5 m thick palaeosol developed on the silts between 10.28-10.55 m. Tt includes
silty grey clay with black and grey spots in the upper part and with rusty lamination in the
lower part (Figs. 4, 7). The percentage of coarser silt and sand fraction increases towards
the surface (Fig. 4). Signs of slight gleyization in the form of ashen spots in yellow silts
were observed between 6.2 —7.0 and 8.5-9.5 m depth. They probably correspond to lower
older loesses (LSd) of H. Maruszczak {1986), in which slight gleyization signs are noted
(H. Maruszczak, 1991). Accumulation of these loesses took place between TL dates 276
and 316 ka (Fig. 4). On the other hand the overlying deposits can be referred to as middle
older loesses (LSs), TL dated at 243-276 ka. They are separated by a poorly developed soil

Fig. 7. Strazigraphic section of ioess-like deposits at Zatubincze

I — chart of palaeomagnetic events recorded within the section: magnetic polarity: 1 — normal, 2 — reversed; I1
— schematic lithostratigraphic section: 3 — loess-like deposits, 4 — recent soil, 5 — interglacial palacosols, 6 —
interstadial (7) palacosols, 7— soil sediments, 8 — fluvial clays, muds, sands and gravels, 9 — larger stratigraphic
gaps: palaecsols: Gi — intcrstadial, GJ — interglacial, Sg — soil scdiments and signs of pedogencsis development;
11T — TL datings {in brackets ages afier J. Butrym and W. Zuchiewicz, 1985); IV — dingram of loess stratigraphy
afler H, Maruszczak {(1986): LN — oldesk loess: LNn — lowermost, LNd — lower, LNs — middle; LS — older
loess: LSd — lower, L$s — middle; LM — younger loess: LMn — lowermost, LMd+s — lower and middle, LMg
— upper; V — diagram of Quatemary stratigraphy after various authors; VI — oxygen isotope stages afier N. J.
Shackelton and N. G. Opdyke (1973)

Profil stratygraficzny utwordw lessopodobnyeh w Zalubificzach

1 — diagram zdarzer paleomagnetycznych zarejestrowanych w profilu: polamogé magnetyczna: | — normalna, 2
— odwrotna; [T — schematyczny profil litostratygraficzny: 3 — utwory lessopodobne, 4 — gleba wspdiczesna, 5
— gleby kopalne interglacjalne, 6 — gleby kopalne interstadialne (?), 7 — poziomy glebowe, § — gliny, mutki,
piaski i 2wiry rzeczne, 9 — wigksze luki siratygraficzne; gleby kopaine: Gi — interstadialns, GJ — interglacjalna,
Sg — osady glebowe i oznaki rozwoju pedogenczy; IIl — wyniki datowari termoluminescencyjnych (w nawiasie
podano wyniki wedhug J. Butryma i W. Zuchiewicza, 1985); IV — schemat stratygrafii lesséw wedlug H.
Maruszezaka (1986): LN — less najstarszy: LNn — najnizszy, LNd— dolny, LNs — §rodkowy; LS — less starszy:
LSd — dolny, LSs — srodkowy; LM — less miodszy: LMn — najnizszy, LMd+s — dolny i §rodkowy, LMg —
g6my,; V — schemat stratygraficzny czwartorzedu wedhug réznych autoréw; VI — poziomy izotopowo-tlenowe
wedtug N. I. Shackeltona i N. G. Opdyke (1573}
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sediment and between 7.1-7.3 m of depth a distinct change of inclination and declination
values bearing the character of a magnetic excursion, corresponding with Jamaica excursion
(Figs. 3, 7). This palaeomagnetic episode is supposed to occur in the upper part of the
interglacial palaeosol and in the Jower part of the lowermost upper older loesses (LSg4)
according to the stratigraphy of Polish loesses by H. Maruszczak (1991). In the discussed
section there are no conditions of setting a younger age for the deposits and noted
palaecomagnetic excursion. There are also no sediments corresponding to the upper older
loesses, the accumulation of which took place during the Warta Glaciation.

A layer of silts and siity clays occurs at 5.5-6.2 m depth in the top of the middle part of
the section. The sediments have a distinct turbulence and a block-clotty {marble) structure
with frequent traces of fissures in different directions. Traces of turbulence occur in the
form of polygons infilled with ashen, brown or rusty clay or silt. These are probably traces
of ground ice activity. This layer is bipartite. It is divided by a [-2 cm thick rusty layer. In
the upper part the block structures are smaller and the turbulences are more frequent and
more distinct. The whole layer is much harder than the under- and overlying deposits. It can
be interpreted as an interstadial palacosol with a pedolization and an illuvial horizon. The
palaeosol was exposed to thermal-frost changes and to dessication. In the upper part it is
erosionally truncated. It probably developed in colder periods than the interglacial.

Alarge stratigraphic gap occurs at a depth of 5.5 m. Itis distinct in paleomagnetic charts
as an abrupt change in declination and inclination values.(Fig. 5). The TL data show lack
of sediments from about 150 ka, including two interglacials (Eemian and Lublin — Lubawa
according to L. Lindner, 1992) and separating them the Warta Glaciation cold period.

The upper 5.5 m of the section includes deposits accumulated during the last cold period
— the Wista (North-Polish) Glaciation. According to classification of loesses by H.
Maruszczak (1991) these deposits include the so-called younger loesses accumulated during
the last 100 ka. In this part of the section horizons with faint traces of pedogenesis probably
represent warmer interstadial periods. Stratigraphic gaps have been noted on patacodecli-
nation and palaeoinclination charts (Fig. 5).

Directly above the erosional transition occurs a 0.8 m thick layer of loess-like silts, on
which a palaeoso] developed. The lower part was TL dated at 93 ka (Fig. 4), which places
the accumulation of the loess-like deposits in the oldest part of the Last Glaciation in the
Fore- Amersfoort Stadial (Fig. 7), termed by J. E. Mojski (1993) as the Kaszuby Stadial, and
by L. Lindner (1992) as the Toruii Stadial. By analogy they can be correlated with the
lowermost younger loesses (H. Maruszczak, 1991). In the upper part of this section
fragment, a distinct change in palasomagnetic parameters is noted, which testifies to a break
in accumulation and palaeosol development, corresponding probably to the Amersfoort
Interstadial. It is a palaeosol fragment, brownish-yellow with horizontal lamination and with
distinct traces of root gleyization in the form of narrow and diagonal ashen spots. However,
it cannot be excluded that the fissures are a result of thermal contraction. The sediment
infilling themn differs in colour and type from the host deposit.

Overlying deposits are difficult to determine. At first, laminated loess occurs with a silty
sediment yielding pipe concretions and a 20 cm thick humus horizon in the upper part. The
brownish-black lamination between 3.40 and 3.66 m can be interpreted as humus deposits
during pedogenesis. TL dating at adepth of 3.5 m gave a value of 82 ka (Fig. 4), which puts
the palaeosol development within the Brrup Interstadial (Fig. 7), comresponding to the
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accumulation of lowermost younger loesses of H. Maruszczak (1991}, Transitional changes
in palaeomagnetic parameter values within the palaeosol, particularly an increase of
magnetic susceptibility value in the overlying deposit, indicate a different aeolian accumu-
lation cycle for the overlying deposits (Fig. 5).

Above the Brorup Interstadial palacosol, a series of silty loess-like deposits with signs
of gleyization and lamination occurs (Fig. 4), the accumulation of which probably took
place during the Fore-Grudzigdz Stadial (J. E. Mojski, 1993) or Lower Pleniglacial (L.
Starkel, 1977). A layer with distinct lamination is visible in the upper part. Laminated [oess
is supposed to develop in damp conditions (J. Cegla, 1972). According to H. Maruszczak
(1991) these comrespond to lower and middle younger loesses. In this inlerval numerous
gaps and breaks occur on palaeomagnetic parameter charts (Fig. 5). In most of sections
described in Poland, loesses from this interval bear distinct signs of gleyization (H.
Maruszczak, 1986, 1991).

The youngest deposits include the upper part of the outcrop to 1.65 mdepth and represent
deposits accumulated during the main stadial of the last cold period. It is separated from
underlying deposits by distinctly laminated loess-like muds, corresponding to accumulation
in damper conditions. A small thickness of aeolian deposits from the Last Glaciation in
comparison to other sections is connected probably with the placement of the section on a
lobe at the northern border of the Nowy Sacz Basin, where a smaller amount of sediment
was accumulated, and probably a large amount was removed during Late Glaciation and
Holocene times.

FINAL REMARKS

The Zatubificze section can serve as a stratotype section of silty deposits for the
Carpathians because of well recognized aeolian deposits from the Middle Pleistocene. A
series of oldest loesses occurs here, within which the palaeomagnetic Emperor event has
been noted. In the lower part of the [owermost older [oesses occurs the palacomagnetic Biwa
{I — Chagan event and in the upper part of this interval the palacomagnetic Jamaica (Biwa
Tyexcursion. The method applied here for testing magnetic susceptibility in connection with
palaeosols seems to be a good indicator of palaeoclimatic changes in silty deposits. On the
other hand, studies of declination and inclination gives evidence of stratigraphic gaps. A
feature distinguishing the discussed section from typical loesses is lack of carbonates.

The setting of the discussed section on a flattened lobe testifies against any other origin
than aeolian for loess-like deposits. The magnetic susceptibility record in the section is
typical for loess sections in the Lublin region, which directly indicates an aeolian origin of
sediments. Grain composition also testifies to the aeolian origin. It seems that transport of
sediment was rather short, which is indicated by low gradation indices and placement of
loess covers along the northern border of Nowy Sgcz Basin. The largest thicknesses of these
sediments occur along the axes of main river valleys (Kamienica Nawojowska, Poprad).
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Evidence indicates that winds blowing from the south had the largest influence on silt
accumulation within the Nowy Sgcz Basin as conlrolled by the axes of major morphologic
elevations.
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STRATYGRAFIA PLEJSTO CENSKICH U'}‘WOR()W PYLASTYCH
W PROFILU ZALUBINCZE W SWIETLE BADAN SEDYMENTOLOGICZNYCH
IPALEOMAGNETYCZNYCH

Streszczenie

Na péinocnym obrzezeniu Kotliny Sadeckiej znaczne powierzchnie zajmujq lessopodobne utwory eoliczne,
okreglane wrejonie Brzozowaprzez T. Gerlacha (1991) réwniez jako karpacka odiniana lessu. Najlepiej odslonigty
profil znajduje si¢ na terenie wyrobiska Zalubiricze {cbrzeze Nowego Sacza) (fig.1), gdzie eksploatowane sq gliny
do wyrobu cegly. Profil ten byt opisany i datowany termoluminescencyjnie przez J. Butryma i W. Zuchiewicza
(1985), a nasigpnie zbadany paleomagnetycznie przez J. Nawrockiego 1 in. (1988). Wystgpujace tu osady o
miazszos$cl do 21 m przykrywaja iwiry 1 piaski rzeczne, lezqce na cokole skalnym o wysokosci 55-57 n
zbudowanym z piaskowcéw magurskich (fig. 1-3). Odstaniajaca sig ok. 19-metrowa seria utwordw pylastych (fig.
4) zoslala oprdbowana do badasi paleomagnelycznych, uziamienia, oznaczen termoluminescencyjnych i innych.
Wystepujqce tu osady mozna podzielié na 3 czgsci: dolna, §rodkowa i géma. Stwierdzono kilka pozioméw gleb
kopalnych o réznym stopniu rozwoju i ré2nej randzc stratygroficznej, W skladzie ziarnowym dominuje fmkcja
pylasta {0.05-0.0! inm). Niewielka zmienno$¢ w skladzie ziamowym zaznacza si¢ w §rodkowym odcinku profilu
w stosunku do gémego i dolnego (fig. 4). Dalowania termeluminescencyjne wykonanc dla omawianego profilu
zawierajq si¢ w granicach od 81 do 411 (489) ka. W dolnej i §rodkowej czesci znajdujq sig miejsca z osadem
namagnesowanym odwrotnie (fig. 5). Dolne zdarzenie paleomagnetyczne, wystgpujaee na gigbokogci ok. 19 m
od powierzchni, zostato zinterpretowane jako Emperor, géme zas na glebokoéet 10,8-11,0 m jako Biwa II -
Chagan. Na glebokoéei 7,1-7,3 m stwicrdzono zapis epizodu palcomagnetyeznego zinterpretowanego jako
Jarnajka (Biwa [). Zanotowane epizody paleomagnetyczne zoslaly dowigzanc do zdarzer paleomognetycznych
rejestrowanych w osadach czwartorzgdowych (fig. 6). Wyniki badasi palcomagnetycmych daly réwniez podstawy
do stwierdzena licznych luk siratygraficznych.

Na podstawie wynikéw badai paleomagnetycznych, datowarl termoluminescencyjnych i gleb kopalnych
wyréiniono kilka cykli akumulacji eolicznej w $rodkowym i mtodszym plejstocente.

Cz¢éé doina profilu cbejmuje interwal ponizej glgbokodel 11 m. W stropie ogranicza jq gleba i
stwierdzone zdarzenie palcomagnetyczne Biwa I[ — Chagan, a w spagu — osady rzeczne zlodowacenia
poludniowopolskiego (San 11). Obejmujc ona btisko poloweg odstaniajacych si¢ osaddw, ktérych géma czesé od-
powiada lessom najstarszym (LN — H. Maruszczak, 1986). Najnizsza cze§¢ profilu ponizej gigbokosci 15,27 m
mozna powigzaé z pomaksymalng faza zlodowacenia pofudniowopolskiego lub okresem, kiéry na terenie Polski
jest okreslany jako zlodowacenie Wilgi (J. E. Mojski, 1985). W Itej czesci profilu stwicrdzono zdarzenie
paleomagnetyczne Empesor korelowane przez U. Bleila i G. Garda (1989) z [2 poziomem tlenowym B
datowanym na 440-472 ka (N. J. Shackelton, N. G. Opdyke, 1973). W stropie omawianej scrii wystepuje gleba
kopalna ze slabo zachowanym poziomem préchniczym i wyrafnym poziomem oglejenia. Gleba ta jest mlodsza
od 382 ka i moze odpowiadaé interglacjatowi mazowieckiemu I — Barkowic Mokrych, korelowanym z 11
poziomem tlenowym, Powyiej znajduje si¢ seria glin pytastych, ktdrych géma czgéé datowano termoluminescen-
cyjnie na 343 ka Akumulaeje ich powigzano ze zlodowaceniem Liwea (L. Lindner, 1988, 1992) korelowanym z
10 poziomem tlenowym. W stropie dolnej czesci profilu wystgpuje 1,2-metrowej miazszoéei gleba kopalna o
petnym profilu, ktérej wiek datuje sig na 316-343 ka, oraz wyslgpujgce w stropie zdarzenie paleomagnetyczne
Biwa Il — Chagan. Jgj powstanie moze odpowiadac cieplemu interglagjatowi mazowieckiernu [I — Zbgjna
korelowanemu z 9 poziomem tlenowym.

Czgsc¢ §rodkowa profilujest datowana termolumincscencyjnie w przedziale 243 i 316 ka (fig. 2),
odpowiadajgeym akumulacji utworéw lessopodobnych w czasie zlodowacenia Odry (J. E. Mojski, 1993; L.
Lindner, 1992). Ta cz¢sé profilu wyraZnic réini sig od czgéei dolnej | gémej uziamieniem i sklademn mineraiéw
cigikich. Czesé érodkowg od gérnej oddziela gleba z wyraZna granicq erozyjng w stropie z lukg stratygraficzng
przypadajacg na interglacjal lubelski, zlodowacenic Warty 1 interglacjal eemski.

Czed$¢ gdrna profilu o migzszosei do 5,5 m obejmujc osady miodsze od 100 ka, kidrych akumulacja
odbywala si¢ w ostatnim pietrze zimnym i przez analogi¢ mozna je korelowaé z lessami miodszymi. Cecha
odrézniajacy je od lypowych lesséw jest brak wgglandw w calym omawianym profilu. Wydajc sie, zc jest to
zjawisko pierwolne.
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Potozenie omawiancgo profilu na sptaszezonym garbie wyklucza inng geneze niz eoliczng. Réwniez zapis
zmian podatno$ct magnetycznej jest tu typowy dia plejstoceriskich osadéw eolicznych. Transport materiatu
odbywat sig na niezbyt duze odleglosei, na co wskazuja niskic wskafniki wysortowania osadéw oraz rozmiesz-
czenie pokryw lessopodobnych wedtuz péinoenepo obrzeZenia Kotliny Sadeckiej. Najwicksze miazszosci osady
te maja w osi dolin wigkszych rzek, takich jak Kamienica Nawojowska czy Poprad. Jest to przesianka do przyjgcia
tezy, te najwigkszy wplyw na akumulacje pyléw w Kotlinie Sadeckiej miaty wiairy z kierunku potudniowego,
uwarunkowane przebiegiem osi dolin wigkszych rzek.



