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ABSTRACT

The Pleistocene flora described from Katy (Pieniny Mts.) by Dyakowska
(1947 has been re-examined by palaeobotanical methods and radiocarbon dating.
This investigation aimed mainly at the settlement of the controversy as to the age of
this flora, referred to the late period of the Eemian interglacial by some authors and
to the Brerup interstadial by others.

It has been found that the fossil flora from Katy dates from before 51,200 years
B. P, (GrN 6251, 6803) and is contained in the profile whose layers belong to the
slope — and fluvial deposits characteristic of the terrace of last glaciation age in
the Carpathians. This is an interstadial flora. Its kmown composition and age exclude
the interstadials of the last glaciation youger than 50,000 years ago. A comparison
with other sites of interstadial florae of this glaciation has led to the conclusion
that the Katy flora comes from the Brerup interstadial.
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INTRODUCTION

The Late Pleistocene flora from Katy is generally considered to be
interglacial (Horwitz 1963; Szafer 1939; Dyakowska 1947); it
is commonly referred to the Eemian interglacial (Klimaszewski 1948;
Halicki 1951; Kneblova-Vodi¢kova 1963), although there
is also opinion that it is an interstadial flora from the early period of
the Vistulian glaciation (Srodon 1952). Several sites of interstadial
florae (Brerup, Hengelo) have hitherto been recorded from the Polish
Carpathians and their immediate foreland, but no unquestionable Eemian
flora is known so far. In this connection the age of the flora from Katy
becomes of essential importance to the Late Pleistocene history of vegeta-
tion in the Western Carpathians.

MAIN RESULTS OF PAST STUDIES

L. Horwitz (1963), a geologist, discovered in 1938 a layer of or-
ganic sediments in the profile of the middle terrace, cut deep by the
valley of the Stream Miedzypotocze (Text-fig. 1). The site lies at the
opening of the valley, in the place plotted by Hor wit z on his geological
map of the Pieniny Mts. Horwitz (l.c) observed that dark
blue loams with plant remains overlay a layer of gravels, in which
materials from the Tatra Mts., deposited here by the Dunajec River,
prevailed.

The profiles elaborated by Dy akowska (1947) *, who used the pol-
len and macroscopic methods of analysis, represent the sites lying further
up the valley, according to Klimaszewski (1948), several hundreds
of metres from its opening. Three distinct series of sediments can be
«distinguished in them, a lower series, consisting of Dunajec gravels
and sands of river-bed facies, about 2 m in thickness, a middle

*In her paper A. Srodon was mentioned by mistake among the persons who
had taken samples for study at Katy in 1938 and 1939.
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series of terrace and old-river-bed sediments (4-0—4-5 m), composed of
alternating layers of peat, loam, clays and sand, and an upper one of
solifluctional origin, built of clays and local angular gravels (4:30—7-30 m).
The occurrence of the flora-bearing layer at the opening of the valley
and in its inside indicates that this layer as well as layer of Duna]ec
gravels spreads over a fairly large area.

Er

Sromowce Wyzne

Wierch Sk;“"

Text-fig. 1. Map showing the situation of the locality (big black dot) from which
pollen diagrams are examined
Rye. 1. Mapa przedstawiajgca polozenie stanowiska (duzy czarny punkt), z kidrego
sg opracowane diagramy pylkowe

Dyakowska (1947) placed the flora from Kgty in the late period
oi an interglacial without defining its age precisely. Klimaszewski
(1848, 1952) was the first to assume a trenchant attitude towards this prob-
lem; taking for granted that the fossil flora occurs merely in the upper
part of the valley, he recognized the gravels situated at the bottom as
fluvioglacial deposits of the Saalian glaciation, separated by a formation
of the Eemian interglacial from the solifluctional mantle of last
glaciation age. Halicki (1951), basing himself on the results ob-
tained by Dyakowska (l.c.), also referred the organogenic sediments
from Katy to the late phases of the Eemian interglacial. In revising the
Carpathian Pleistocene florae a year later, Srodon (1952) included the
flora from Katy to the Brerup interstadial. A detailed justification of this
conception is givenina paperby Birkenmajer and Srodon (1960).
Szafer (1953), did not share this opinion, nor did Kneblova-Vo-
di¢kova (1963), who called it in question on account of the resem-

4 — Acta Palaeobotanica
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blance of the pollen diagram from Katy to the final section of the dia-
gram representing Eemian travertines from Ganovce near Poprad in
Slovakia. ' '

RESULTS OF PRESENT STUDY

These differences in opinion concerning the age of the Katy flora !
prompted its re-examination. The profiles studied palinologically by Dy a- .
kowska (1947) and embracing three different episodes of vegetational
history, were combined by her into a successive whole on the basis of the
correlation of sections with similar pollen pictures (Text-fig. 2). Such a
combination leaves some room for doubt whether the picture obtained
really represents the successive stages of the development of vegetation
of the same period. Another point that inclined us to resume this study
was the nature of the pollen diagrams obtained from three different pro-
files; it did not exclude the possibility of finding a profile containing the
section preceding the phase of spruce-fir forests with a great proportion
of the alder and traces of thermophilous trees. The discovery of this older
section of vegetational history at Katy might provide information of de-
cisive importance to the determination of the age of this flora. The study
initiated in 1969 was, in addition, designed to furnish us with material
for radiocarbon dating.

-

b SITE AND STRATIGRAPHY

The profiles examined in the present study are those of the exposures
obtained in excavations in the right-hand slope of the valley of the Stream
Miedzypotocze at a distance of about 260 m from its opening. They ave
probably situated in the neighbourhood of the profiles studied by Dy a-
kowska (1947). In both newly unearthed profiles the bottom of or-
ganic sediments is placed at an altitude of 490 m a.s.l.

The profile Kgty I was uncovered in the lowest part of the slope in
1969 and the profile Katy II, uncovered two years later, is situated in the
immediate vinicity of profile I. Here the exposure cuts about 1-50 m
deeper into the slope and, in consequence, the profile Katy II includes
a considerable portion of solifluctional sediments in the top part. In the
course of study this profile appeared to comprise all the three sections
investigated by Dyakowska (l.c.).

Profile I was examined by the methods of both pollen and macro-
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Text-fig. 2. Katy near Sromowce Wyznie. Three pollen diagrams studied by
Dyakowska (1947, arranged in stratigraphical order
Ryc. 2. Katy kolo Sromowiec Wyznich. Trzy diagramy pylkowe opracowane przez
Dyakowska (1947), zestawione w nastepsrtwiel stratygraficznym

scopic analyses. The correlation of samples is given in Text-fig. 3. Wood
pieces of Alnus sp. used for radiocarbon dating were taken from the upper
part of the organic mud in this profile (1-25—1-30 m).

Profile II was mainly examined by the pollen analysis. Macroscopic
remains of plants used for identification were derived only from the ho-
rizon of 2-40—2-50 m. Part of the material collected for 14C dating, was
used for this purpose.

4%
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The stratigraphy of the profiles presents itself as follows:

Katyl
Depth measured

from surface,
in m

0:00—0-20 —
0-20—0-40 —
0-40—1-00 —
1-00—1-20 —
1:20—1:55 —
1:55—1:60 —
Below 1-60 —
Katy II
0-00—0-60 —
0:60—1-50 —
1:50-—2:10 —

2:10—2-62 —

2-62—327 —
327—335 —
3:35—3205 —

Light yellow topsoil with ingrown roots. Angular sand-
stones and calcareous gravels frequent, calcareous gra-
vels being -finer than sandstones.

Dark grey silty clay with small pieces of wood and
charcoal. ‘

Light grey silty clay w1th very numerous small pieces -
of wood and charcoal.

Light grey sandy silt abounding in small pieces of wood;
charcoals only in upper part of layer.

Highly organic dark brown mud with very numerous
big pieces of wood (Picea, Alnus), some of them being
compressed.

Slightly organic light brown mud.

Sand (not measured) and underlying river gravels.

Light yellow topsoil with ingrown roots. Angular sand-
stones and calcaneous gravels frequent, calcareous gra-
vels being finer than sandstones.

Dark yellow silty clay with horizontal grey bands and
rusty patches and with scattered single calcareous gra-
vels.

Dark grey silty clay with clumps of fine calcarecus
gravels and rusty patches.

Dark grey silty clay with sparse fine calcareous gravels.
A large number of small pieces of wood and charcoal
scattered in disorder. In places small lenses filled with
plant remains (chiefly small wood pieces). Band of cal-
careous gravel at a depth of 2’50 m; bigger fragments
of wood and pine cones occur at the same level.

Light grey silty clay with numerous small charcoals
scattered in disorder. In the bottom part of the layer
there is a more sandy olive-green lens, 15 cm in dia-
meter.

Light grey silty clay with admixture of sand.
Rusty-yellow silty clayey sand, strongly hydrated, with
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numerous rusty patches and, in top part, thin rusty
hard-pan (about 1 cm).

3-55—3-60 — Light grey and rusty laminated silt.

3:60—3:80 — Highly organic dark brown mud with numerous big
pieces of wood, some of them being compressed. '

3-80-—3-87 — Light grey silty clay with small admixture of sand (no
wood). '

3:87—3-89 — Rusty hard-pan.

3-89—3-99 — Rusty coarse-grained sand. ‘ o

3-99—4-15 — Rusty sandy river gravels.

A comparison of the sediments of the two profiles show that in spite
of their immediate neghbourhood they are differentiated. The thickness
of the organic mud with big pieces of wood in profile II is considerably
smaller than in-profile I and the deposits directly overlying the organic
series are, in addition, somewhat different in nature. These differences
together with the results of pollen analysis suggest a diversified relief of
the fossil old river-bed of the Dunajec. The beginnings of accumulation
of the organic series differed in time and most probably were conditioned
by the differentiated morphology of the surface of the old river-bed.
A comparison of the present results with Dyakowska’s (1947) pro-
files leads to a similar conclusion. The pollen diagram of her profile I
(Text-fig. 2) covers only the younger part of the spruce-fir period with
small numbers of alder despite the fact that like the profile III it reaches
down to the top of the mineral sediments underlying both these profiles.

In both profiles now examined the upper boundry of the organic mud
coincides distinetly with the decline of the Abies curve (Text-figs. 4, 5).
A break in the accumulation of the organic mud was caused by the in-
tensified activity of the river (silty and sandy layers) at first and later
by solifluctional processes.

The great similarity of the pollen diagrams in the present study and
the easiness of their correlation with Dyakowska’s (l.c) diagrams
prove that the results of pollen analysis concern the same period in all
cases. It seems hardly probable that there was a long interval between
the organic mud and the accumulation of the overlying layers.

A similar trend of the spruce and pine curves starting from the level
reached by the rapid growth of this last (Katy I, Il and Dyakowska’s
profile II), indicates that the process of creeping of solifluctional material
occurred without any great disturbances in the places examined and thus
the results of pollen analysis cannot be called in question from this point
of view.
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SAMPLE PREPARATION AND MICROFOSSIL ANALYSIS

When this re-examination of the Katy flora by the pollen analytical
method was being undertaken, it was expected that the use of modern
laboratory techniques would make it possible to increase the frequency
considerably in relation to that obtained by Dyakowska (1947), ie.
0-5—8 grains per sq.cm.

All the samples were boiled in KOH and next treated with the. hot
hydrofluoric acid and followed by Erdtman’s acetolysis.”An attempt
to use H,0, in a water bath in order to remove more organic remains
gave negative results. Although the frequency of pollen increased, yet
the deteriorated grains were so badly crumpled that it was very hard
to identify them. '

The number of pollen grains counted per 1 sq. cm was on the average
fairly high, only at several levels it dropped rapidly, co}ning'_down as 10
grains per sq. cm (see the frequency curve in Text-figs. 4, 5). This was
as a rule connected with an increase in the amount of wood detritus or
charcoal dust in the sediment. Having not got through the chemical treat—
ment decomposed they caused a decrease in the number of grains per
sq. cm (see samples 42—44 of profile I and 8—12 of profile II). On the other
hand, the rapid fall in frequency in samples 33 and 34 of profile 1 was
due to quick sedimentation of mineral material in this horizon. This in-
terpretation would also explain the exceptmnally large number of re-
bedded pollen grains in these samples. The redeposited material most
likely came from the Neogenic floriferous layers covering the bottom of
the Nowy Targ-Oravian Basin, adjacent to the Pieniny Mts., and washed
away by the River Dunajec (Szafer 1946—1947; Oszast 1973; Sro-
don 1973).

The number of pollen grains counted in particular samples is depend-
ent on frequency. In samples of the lowest frequency 200 AP were
counted, whereas in those of the highest frequency at least two slides were
coupted 4 sq. cm in area. Pollen grains were always counted in whole
slides to avoid statistical errors resulting from their irregular dispersion
throughout a surface, which on account of the ununiform accumulation
of wood detmtus in' the slides might have been of consequence in this
material. 7 »

The results of pollen analysis are given as absolute numbers for each
taxon in Tables 1, 21 and as percentages of the total sum (AP -+ NAP)
in diagrams (Text-figs. 4, 52). The total sum did not include pollen of
aquatic plants, spores, indeterminate pollen grains, and indeterminable
ones because of their deterioration of various kind, and rebedded pollen

! Tables 1—2 are to be found under the cover.
¢ Text-figs. 4, 5 are to be found under the cover.
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grains. These last belonged to Pinus t. haploxylon Rudolph (classical form),
‘Coniferae, most probably of Tertiary age, Tarodiaceae and Ptero-
carya. In the samples containing rebedded sporomorphs several forms of
the Hystricosphaeridae were also observed. All the pollen grains regarded
as redeposited differed in preservation from the grains assumed as pri-
mary. The exine of rebedded pollen grains was degraded to the extent
:thét it seemed quite amorphous.

MICROFOSSIL PRESERVATION

In the course of pollen analysis observations were made on the state
of preservation of sporomorphs, adopting Cushin g’s (1967) deterioration
classes for this purpose. Unfortunately, not all deteriorated grains within
each taxon distinguished were systematically and seperately noted: On
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Text-fig. 3. Percentage of corroded but determinable pollen grains. Broken line
indicates the level of sudden crossing for Picea and Pinus curves
Ryc. 3. Procent skorodowanych ale oznaczalnych ziarn pylku. Linia przerywana wy-
znacza poziom gwattownego skrzyzowania sie krzywych Picea i Pinus

.
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the basis of observations of 100 (occasionally 50) pollen grains in a sample,
the percentage of deteriorated but determinable grains was estimated
(Text-fig. 3). : ,

Corrosion was the main form of deterioration of pollen grains recog-
nized as primary. Corroded grains were, besides, very often broken and
crumpled. These last two kinds of deterioration were also observed on non-
corroded grains. Indeterminable pollen grains were mainly corroded and
crumpled or only crumpled ones but also sporadically these, which were
concealed by various opaque particles.

The observations on sporomorph preservation were very important to
the appraisal and reliability of the results obtained, since in many sam-
ples more than 50 per cent of pollen was found corroded.

The layer of organic mud, thicker in profile I, was examined more
closely. In samples 1—14 the percentage of corroded pollen was relatively
very high, but at the same time variable. In the remaining part of mud
corrosion occurred in 3—5 per cent of grains and was only slight.

Observation of the Alnus, Carpinus and Corylus curves, the pollen of
which is more susceptible to corrosion than that of coniferous trees (Ha-
vinga 1964), seems to indicate that their percentage may have been
somewhat higher in two samples from the bottom part, where corrosion
was heaviest. However, this difference is not very great, as can be seen
from the Alnus curve. In only one of samples 3 and 4, in which the per-
centage of corroded grains decreases rapidly, the value obtained for Alnus
rises by about 8 per cent. Higher, despite a continuous decrease in cor-
rosion the percentage of Alnus is clearly smaller. These changes in the
Alnus curve are accompanied by the almost unvariable values of Carpinus
and the distinctly lower ones of Corylus. This admits the supposition that
the percentage of these trees was not much higher in the samples from
the bottom part. The percentage of indeterminable grains (Cushing
1967), which is not high either, is a good indication of the reliability of
the pollen analitycal results for this section.

Above the organic mud the proportion of corroded grains is very
variable in both profiles, even within the same type of sediment. This is
most likely connected with the degree of oxidation of the solifluctional
material. Despite great fluctuations in the percentage of corroded grains the
trends of the pollen curves of particular taxa are consistent and inde-
pendent of pollen deterioration. This is to a great extent due to the fact
that the main components of the vegetation of this part of the profile
have pollen grains which are easy to determine even if badly deteriorated.
The ratio of corroded grains of Picea to those of Pinus is generally similar
to the ratio of their total percentages at particular levels. This allows the
assumption that the proportions of pollen of these two trees, occurring in
the form of indeterminable fragments excepted from counting, were also
in a similar ratio.

[}
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The characteristic level of crossing of the curves of Picea and Pinus
at the beginning of zone C observed in all the profiles is undoubtedly
associated with a change in the plant composition and not with a change
in the degree of pollen deterioration of these genera, for in both profiles
the percentage of corroded grains found below this level, in the spruce-
dominated zone, was similar or higher. Neither was the ratio of de-
terionated grains of Pinus to those of Picea changed in this horizon.

In the pollen zone E of profile II the proportions of pollen of Junipe-
rus, Populus, Larix, Cyperaceae, Rubiaceae and Gramineae were probably
somewhat higher. In this part of the profile the crumpled grains were
slightly more frequent and it may well be that among numerous wood
tissue fragments some badly crumpled pollen grains of the above-men-
tioned taxa were overlooked in the course of analysis. The share of in-
determinable pollen grains was also somewhat higher in this part of the
profile. Differences in the proportions of the Compositae Liguliflorae,
C. Tubiflorae, Umbelliferae, Lycopodium and Sphagnum could be caused
only by changes, resulting from deterioration of other components of the
total sum, because the sporomorphs of these taxa were not deteriorated
at all or bore only traces of corrosion.

ZONATION

The pollen diagrams from Katy have many common characteristics,
which made it possible to distinguish the same biostratigraphic units in
them. Comparison of the present diagrams with those of Dyakowska
(1947) did not present any great difficulties despite some differences
arising from the lack of pollen of herbaceous plants in these last diagrams
and, consequently, from a different basis used to calculate percentages
(AP).

The diagrams are divided into local pollen zones A-E, which have
their counterparts in Dyakowska’s (l.c.) profiles.

Zone A — 1t is characterized by relatively high values of Picea, though -
with a certain tendency towards decreasing in its lowest part, large quan-
tities of Alnus with a maximum in the lower part, a relatively high curve
of Abies and a continuous low-percentage curve of Carpinus. Pollen of
thermophilous trees occurs occasionally. Herbaceous plants are represent-
ed by low-percentage curves, only Cyperaceae show a tendency to
dominate locally.

Zone B — The frequence of trees is still high. The amount of Pinus
increases, the curve of Abies drops rapidly to about 1 per cent, the Picea
values fall gradually and the Alnus frequency is temporarily lower. The
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lower boundary of this zone coincides with the change of sediment. In
the upper part of the zone charcoals appear in the sediment.

Zone C — There is a sudden change in the percentages of Picea and
Pinus pollen. Pinus becomes rapidly dominant in the spectra ‘Towards
the top of the zone the Alnus values fall to about 1 per cent. The fre-
quences of Betula t. alba and herbs, mainly Gramineae, Compositae Liguli-
florae and C. Tubiflorae, increase slightly. The continuous Larix curve
begins in the upper part of the zone.

In the transitional period between zones B and C there occurs a sharp
peak of Polypodiaceae (without perisporium). Some of them have heen
identified as Phegopteris dryopteris on the basis of the fine exine
sculpture consisting of low regular polygonal verrucae (Sorsa 1964, Pl
11 15 b, c)

. Zone D — A further increase in the percentage of Pmus pollen and
a consistent fall in Picea are observed. There is a low but continuous share
of Larix and Betula t. alba. A rise in the values of NAP is caused by an
increased amount of Cyperaceae. In the upper part. of the. zone large
amounts of Polypodiaceae reappear.

Zone E — It is characterized by high NAP values combined Wlth
a greater diversity of the taxa distinguished. In addition to Pinus, which
dominates in the spectra, the continuous curve of Juniperus and large
amounts of Salix pollen in the uppermost part of the zone attract at-
tention. As regards sporophytes, a peak of Polypodiaceae is observed at
the beginning of the zone and the continuous Sphagnum curve is restricted
to this zone only.

4C DATING

14C samples were collected as described previously from both profiles
Katy I at a depth of 1-25—1-30 m and XKaty II 2:40—2:50 m. Both
samples were chemically treated in order to remove foreign materials
which might alter the proper age:
a. by applying 4% hydrochloric acid at 80°C;
b. by applying 1% sodiumhydroxide at 50°C;
c. by again applying HCI solution at 80°C to neutralise the residue.

After working and drying, the material is combusted into CO, of
which, after purification, the ¥C activity is determined. The results are:

GrN — 6251 Katy 1 1-25—1-30 y 51,200 B.P.
(Alnus — wood) »
GrN — 6803 . Katy II 2:40—2-50 - ) 48,200 B.P.

(charcoals, wood and cones of pine)
It should be emphasized that such infinite ages may only be compared
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in cases where the counting circumstances (the particulate counter used,
CO, pressure, countingtime, etc.) are equal. Consequently we can not
" draw the conclusion that, in general, the one (infinite) age of a sample
exceeds that of another. In this case, where the circumstances have been
_about, equal, there is a certain possibility (shghtly abovve 50%) that the
sample Katy II is younger than Katy I. - .
. < The important conclusion for us is, that the spec1f4c depth of thn
: “oﬁles do not correspond the middle Welchsehan 1nters:tad1als as Hengelo
and Denekamp AR

' VEGETATION AND CLIMATE

H The pollen diagrams, the list of macroscoplc remams of plants 1dent1—
f p:i from the profile Katy I and from a smgle sample from the proflle
Ka y II (Table 3), the list of mosses (Table 4) and the data obtained from:
‘Dyvakowska's profiles make up the basis Ior :the reconstruction of
.the plant succession in this part of the P1en1ny M“us s at the time of
depcrs1t10n of the sediments discussed. 1 ' 3

.The formation of the layer of organic mud, whuch ‘ecommenced ; aftver
a change of the bed of the Dunajec River or Ong to its deepenmg,
coinmded with the domination of spruoe-flr fonests in’ this  region; The
numerous needles of Picea abies and pieces of Wood of Picea and Abzes
found in this layer in the profile Katy I and macrosc®p1c remains of the‘Sre
" trées in Dyakowska s profiles IH" ‘and IV, together with the h1gh
. number of their pollen in zone A, provide ev1dm10e of the occurrernce of
s s‘p:ruce—flr forests not only on the Pieniny slopes. but alsoin the Dunajec
" valley of that time. The community that was associated with wetter,
probably seasonally flooded, areas was that of alder most likely Alnus
¢ intana (numerous big pieces of Alnus sp. wood:in the profile Katy I and
-1 frmt of Alnus incana in Dyakowska’s profﬂe III)

- The percentage of pine in pollen zone A is $o low that it does not
i mdlcate its occurrence in situ at the bottom of the valley at that.time.
;‘f . The: aerial transport of its pollen even from not very remote localities
wéis made difficult, because the spruce-fir communities and alder woods
overgrowmg the DunaJec ‘terrace were ‘theh’ falrly dense. This is sug-
" gested, among other things, by the low values and small diversity of
herbaceous plants, although in the river valley itself and on the adjacent
slopes there were, as there are now, habitats accessible only to herb com-
munities. The somewhat greater amounts of Gramineae and Cyperaceae
at that time are a local phenomenon, which is evidenced by numerous
nuts of Carexr and groups of Gramineae and Cyperaceae pollen.

The density of forest communities within the old river-bed area may
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alse have been responsible for the only occasional occurrence of Larix,
Juniperus, Salix and Populus pollen grains. The occurrence of willows and
poplars in the alder woods and riverside communities and of larches in
the. spruce-fir forests may have been more abundant than indicated by
the palynological data. The same is also true of the occurrence of Juniperus,
the .presence of which is signalled by only sporadic pollen grains. The
seed of this shrub found in the profile Katy I and a number of its needles
beside Abies and Picea needlesin Dyakowska’s profile IV (l.c,, p. 18)
show beyond doubt that it grew in situ on the Dunajec terrace. ,

As regards the trees which are more demanding in respect of climate,
only the presence of Carpinus as a small admixture is confirmed by the
results of pollen analysis. Other thermophilous trees and Corylus occur
in so small amounts that it seems most expedient to assume the long-
distance transport of their pollen. Nevertheless, the richly differentiated
geologic relief of the Pieniny Mts., their limestone habitats and probably
milder climate of this range may have provided favourable conditions for
the scattered occurrence of these trees both towards the end of the
Eemian interglacial and during the climatic optimum of the Brerup inter-
stadial. Thus, it may well be that their slight number in the diagrams is
connected, as in the case of Juniperus and Larix, with the local over-
representation of Picea and Alnus.

A break in the accumulation of organic mud, caused by a flood of
the Dunajec River, coincides with the decline of the dominance of fir and
with a seasonal decrease in the number of alder in the close surroundings.
The series of river sediments signals a change in hydrological conditions
pavallel to the deterioration of climate, which is evidenced by the directly
following onset of solifluctional processes.

In the period represented by the pollen phase B the spruce and alder
communities dominated in the study area. However, a consistent with-
drawal of the spruce is observed in the upper part of the zone. This
process, initiated by a change in the climatic conditions, was intensified -
by fires, which is indicated by numerous charcoals identified as Picea vel
Lariz. In this case it is more probable that they belong to Picea.

The progressive degradation of the forest communities in the Duna-
jec valley gradually created favourable conditions for the development of
herbaceous vegetation, associated chiefly with damp habitats (rise in Cy-
peraceae, Rubiaceae, Compositae, Thalictrum, Plantago lanceolata, Valeria-
na, Polypodiaceae and Sphagnum).

The rise in the percentage of Pinus t. silvestris, at first presumably
connected with an increased influx from not very remote sites, becomes
so rapid at the beginning of zone C that it suggests a fairly considerable
expansion of this tree at that time. Numerous pine stomata appear in
the sediment and are recorded up to the top of the profile Katy I and
in profile II half way through zone D (up to sample 26 inclusive). An
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analysis of the macroscopic remains gave a fragment of Pinus silvestris
wood in profile I (decline of phase C) and cones and seed scales in profile
II (boundary between zones C and D). The perfect state of preservation
of the cones, without any traces of rolling, proves that they came from
the close neighbourhood. ,

An increase in the percentage of birch and somewhat later in that
of larch and juniper accompanies the expansion of pine. In spite of
the low values of Betula t. alba pollen the presence of birches from this
group in situ has been corroborated by the well-preserved fruits found

Table %
Tabela 4

The occurrence of moss remains in Dyakowska’s (1947) material and in profile T
of the present study (det. K. Karczmarnrz)
Wystepowanie szczgtkéw mchow w materiale Dyakowskiej (1947 i w profilu I
obecnie opracowanym (oznaczyl K. Karczmarz)

Marsch and spring mosses Dyakowska | Profilel
Mchy milak i Zrodlisk 1947 Profil 1

Calliergon giganteum (Shimp.) Kindb.
* Campylium stellatum (Hedw.) J. Lange et C. Jens
Cratoneuron commutatum (Hedw.) Roth
C. filicinum (Hedw.) Spruce
* Ctenidium molluscum (Hedw.) Mitt.
Drepanocladus revolvens (Sw.) Warnst.
D. aduncus var, kneiffii (Schimp.) Mnkm.
* Hygrohypnum palustre B.S.G.

L U1 DY W o
I

Forest (ground) and meadow maosses
Mchy naziemne le$ne i lgkowe

Eurhynchium zetterstedtii Stormer : 2 -
Plagiomnium affine (Funck) Kop. — 1
Drepanocladus revolvens (Sw.) Warnst.

K
-

Rocky and epiphytic mosses
Mpchy naskalne i epifityczne

oy

Amblystegium varium (Hedw,) Lindb. 1
Pterygynandrum filiforme Hedw. 1 —_

Species marked with the sign * may also grow in habitats characteristic of the
mosses of the third group. On damp calcareous rock they frequently grow close to
each other and in abundance.

Gatunki ze znakiem * moga wystepowaé réwniez na siedliskach charakterystycz-
nych dla mchéw grupy trzeciej. Na wilgotnym podlozu skal wapiennych rosng czgsto
wspoélnie i w duzej ilosci.
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in the profile Katy II (at the boundary between zones C and D). Larch
needles were also taken at the same level (top layer in the profile Katy I).

Spruce occurred in the close surroundings throughout the period co-
vered by zone D, which is evidenced by its numerous macroscopic remains
at the transition of zones C and D in both profiles. The composition of
the forest communities did not undergo essential changes then. However,
the mutual relations between the main components of these communities
changed distinctly and the number of Larix increased. The ratio of these
communities to those of open areas also changed gradually in favour of
these last. In the pollen diagram from profile II this is reflected chiefly
by a rise in Cyperaceae and Compositae Liguliflorae.

. The herbaceous plant communities, which gain in importance from the
very bottom of zone C, are now enriched by new species, which come
from both damp (Plantago maritima, Polemonium) and dryer habitats
{(Armeria, Elymus). Dr K. Karczmarz determined 3 species of mosses
representing open communities — mansh and rocky habitats.

The nature of the vegetation described indicates that the Pieniny Mts.
were then within the range of the timber line.

The gradual deterioration of the climate leads to the intensification
of solifluctional processes in the earlier part of zone D, which is evidenced
by the occurrence of clumps of fine angular calcareous gravel in the sed-
iment. At the same time small pieces of wood and charcoal disappear from
the sediment, which is probably connected with the derivation of the
solifluctional material from places destitute of arboreal vegetation.

The upper part of profile Il records a further cooling and moistening
of the climate, resulting in the expansion of herbaceous plant commu-
nities. It is only now that Rubiaceae, Rosaceae and Umbelliferae appear in
fairly large amounts beside Cyperaceae, Gramineae and Compositae,
which have been quantitatively dominant in the composition of herba-
ceous plants so far. The families Rosaceae and Umbelliferae are represented
by different species (several morphologic types of pollen). Bupleurum,
Papaver, Trollius and Campanula are added to the list of plants repre-
sented by sporadic pollen grains. These data suggest not only the ex-
pansion of the herbaceous plant communities in various habitats but also
an enrichment in their composition.

The progressing deterioration of the climate had probably led to the
complete withdrawal of the spruce from this part of the Pieniny Mts.
On the surrounding rocks and in places less exposed to solifluctional pro-
cesses there could grow groups of Pinus silvestris (perhaps also P. mugo)
with an admixture of Larix, Betula t. alba and probably single specimens
of Pinus cembra and Sorbus aucuparia. The percentages of Juniperus and
Betula t. mnana increased distinctly. Alnus incana and Populus
may have occurred occasionally in the Dunajec valley and Hippophaé
rhamnoides appeared then. The high frequency of Salix in the top
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part is, in all probability, connected with the local over-representation of
pollen (numerous groups) produced by shrubby willows (small pollen
grains with homobrachate reticulum — Salix t. glauca, Faegri and
Iversen 1964). -

All the changes observed in zone E suggest that at that time this part
of the Pieniny Mts. could be slightly above the timber line.

A COMPARISON OF THE FLORA FROM KATY WITH OTHER FOSSIL FLORAE
OF SOUTHERN POLAND

The determination of the age of the flora from Katy on the basis of
the palaeobotanical results is not an easy task, because both the present
profiles and Dyakowska’s (1947) profiles III and I, begin in a period
referable either to the late temperate phase of an interglacial or to the
optimum phase of an inberstadial. The ldack of interglacial sites in the
northern part of the Carpathians and in their nearest foreland makes this
task very difficult. The stratigraphic data (see p. 168), however, permit
the exclusion of the florae representing periods older than the Eemian
interglacial from these considerations.

In Poland the nearest mountainous site of a flora regarded as Eemian
is at Polanica in the Klodzko region of the Sudetes (Walczak, Szczy-
pek 1966; Szczypek 1974). Unfortunately, the pollen diagram from
Polanica has few features characteristic of the Eemian interglacial. The
differences in relation to the diagrams representing a plant succession
typical for this interglacial are so great that they authorise us to call in
question the Eemian age of this flora. This is a problem that needs se-
parate considerations, here only the explanation is given why we do not
compare the flora from Katy with that from Polanica.

It does not seem expedient to compare the Katy flora with such
Eemian florae as those from Bedlno, Le$na Niwa, Szczercéw, Dzbanki or
Imbramowice. To be sure, they are the southernmost Polish sites but
anyway all of them are situated in the lowlands.

This being so, the only acceptable comparison is that with the pollen
diagram of the Eemian flora from Ganovece (Kneblowva 1958, 1960) in
the valley of the Poprad River in Slovakia, as the crow flies about 40 km
south-east of Katy. Although in the close vicinity of Ganovce there is
another site, "Pod borom”, mear -Spisska Teplica, referred to the Eemian
interglacial (Krippel 1961), yet the age determination in the case of
this site is questionable. This peatbog is situated among Holocene peatbogs
investigated by the same author (Krippel 1963). It may be inferred on
the basis of the plant succession presented by the pollen diagram from
the ”Pod borom” that it is also a Holocene peatboz, devoid of the
top part of sediments. The pollen diagram very much nesembles the bot-
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tom part of the diagrams from Tatransky Domov or Strebské Pleso (K rip-
pel 1963) and has hardly any features in common with the indu-
bitably Eemian profile from Géanovece. This question might be explicitly
decided by the radiocarbon dating of the site.

The pollen diagram of the travertines from Ganovce provides a very
typical picture of the Eemian vegetation. In -her discussion of the in-
terstadial flora from Cesky TéSin in relation to different florae then re-
ferred to the Gottweig or the Aurignacian interstadial, Kneblova-
Vodiékova (1963) claims that the flora from Katy, dated by Sro-
don (1952, 1960) to the Aurignacian interstadial, does not come from this
period but should be ascribed to the decline of the Eemian interglacial.
Her opinion is based on the similarity of the pollen diagrams from Katy
and Ganovoe, but it seems incorrect. The high frequencies of Carpinus are
admittedly characteristic of the younger phase of the Eemian interglacial
(zone "g” acc. to Jessen and Milthers 1928) in most European sites.
In the period of maximum share of Picea and Abies at Ganovce, and thus
the period with which the bottom part of the diagrams from Katy can be
compared, the amounit of Carpinus ranges from 12:0 to 35-4 per cent of
the total pollen. This proves a high share of the hornbeam in the forest
communities of that time. There are no igood reasons to think that at the
same time the hornbeam could not occur in similar proportions in the
Pieniny Mts., which are characterized by a great diversity of habitats
associated with the rich relief of the region and the high content of cal-
cium carbonate in the soil. However, the percentage of Carpinus in the
pollen diagrams from Ka‘ty was below 2 per cent of the total in the
spruce-fir period (only twice reaching 2:3 and 2-9 pef cent respectively).
This prompts us to put forward the supposition that the hornbeam was
at most an additional species in the then prevailing stands in this part
of the Pieniny Mts. These great divergencies lead to the conclusion that
the profile from Katy cannot be the same age as the upper part of the
profile from Ganovce.

The nature of the vegetation represented by the lower parts of the
profiles from Katy permits, as has already been said, the recognition
of this flora as interstadial. Out of the interstadials of the last glaciation
known from Southern Poland, the Hengelo and Denekamp interstadials
can be excluded from our considerations, because they were considerably
cooler and of a younger age than this obtained for the flora from
Katy. The dates obtained however imply that the true age of this sediment
can be any older age. Thus, none of the interstadials of the early Vistulian
can be omitted in the considerations. It seems however that the climatic
conditions necessary for the development of such forest commumtxes as
have been described from Katy prevailed in the Brerup interstadial.

Results of studies made in north-western Germany (Averdieck
1967) made it possible to distinguish the Odderade interstadial in the

3 — Acta Palaeobotanica
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early period of the last glaciation. It was younger and cooler than the
Brerup interstadial, from which it was separated by a not very long-
lasting stadial. No profile has, as yet, been found in Poland which wou.d
have two successive warm oscillations like those in the profile from Cd-
derade (Averdieck 1967). It cannot therefore be settled decisively
whether the florae now referred to the Brerup interstadial
are really of the same age or whether they belong to two
different though neighbouring interstadials. Some data hinting the
poscibility of distinction of two interstadial oscillations of this rank
are provided by the profile from Sciejowice near Cracow (Madal-
ski 1935; Dyakowska 1939), referred by Srodon (1952) to the
Brerup interstadial. The pollen diagram from Sciejowice consists of four
parts seperated by sections without pollen and the behaviour of Picea
and Alnus curves as well as of Pinus, Betula and Salix suggesis that two
or even three warm oscillations caa be distinguished in this diagram. Com-
parisons with the diagrams from Katy show relatively large amounts of
Abies occurring in conjuction with higher proportions of Picea and Alnus,
in the profile from Sciejowice, which certainly deserves a revision.

Two sites situated furthest to the south-west, Brzozowica and Labedy
{Gilcwska, Stuchlik 1958; Ralska-Jasiewiczowa 1938},
were dated by the authors to the Che interstadial, whereas Srodon
(1960) referred them to the Aurignacian interstadial (Brerup), calling in
guestion the geomorphological criteria applied as bases for their age de-
termination. If the inclusion of these florae in the Brerup interstadial is
correct, it should be emphasized that the vegetation represented by their
pollen diagrams is more differentiated and richer than it is at the re-
maining sites in southern Poland. It may well be that these differences are
conrected with the climate of Silesia, which is milder than in the pied-
mont region. Nevertheless the problem of age of the interstadial florae
from Brzozowica and Labedy still remains open.

The Carpathian sites at Ziebowka, Maniowy and Poronin (Sr od on
1952) have been referred to the Brerup interstadial chiefly on the basis
of geomorphological data. However fragmentary, the results of palaeo-
botanical studies permit the admission of this age for them.

In analysing further sites from southern Poland ascribed to the Brarup
interstadial, one comes to the conviction that only those at Wadowice
(Sobolewska, Starkel, Srodon 1964) and Brzeziny near Czor-
sztyn (Birkenmajer, Srodon, 1960) ri’lay be used for comparisors
with Katy and considerations on the character of the vegetation of this
interstadial. The common feature of the vegetation during the climatic
optimum at Katy and the vegetation of the two above-mentioned sites is
the great amount of spruce and alder, whereas the proportions of other
comporents which could occur in situ in the areas represented. by these
profiles are different. The forest communities represented by the profile
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from Wadowice in the foot-hills of the Carpathians are the richest in ter-
mophilous components. Tilia played a fairly important part in these com-
munities and Quercus, Corylus and Carpinus may have occurred singly.

The forest vegetation of the climatic optimum at Brzeziny is cooler in
‘character. The pollen diagram from this site contains only traces of trees
©of higher thermal demands. This difference from nearby Katy was prob-
ably due to the situation of Brzeziny on the flysch slopes of the Gorce
Tange. Its situation at the bottom of the Nowy Targ Basin, characterized
by a distinct continentality of climate (great amplitudes of temperatures) in
.comparison with the surrounding ranges of mountains, may also have had
an influence on the composition of vegetation (K ormna$ 1955). The lime-
stone Pieniny Mts. have a much milder climate, which, together with
their varied relief, induces the great diversity of their contemporary flora
{Pancer-Kotejowa 1973). Also in the past these factors may have
determined the formation of communities here which were richer than
those on the slopes of the adjacent range of the Gorce Mts. In the light
-of the foregoing the attribution of the flora from Katy to the Brerup
interstadial is plausive.

" Bastin (1971) made an attempt to differentiate the age of the florae
-discussed, referring the flora from Wadowice to the Brerup interstadial
and that from Brzeziny to the Odderade interstadial. In this he based
himself, in accordance with the criterion proposed by Averdieck
(1967), on the lack of Picea omorikoides pollen in the profile from Brze-
ziny, but he did not take into consideration the fact that in the study
of material from this site no attention had been given to the differen-
tiation of the Picea pollen.

- At Katy the generally bad state of preservation of Picea pollen also
made it impossible to take measurements in a consistent way. An attempt
in this respect was made for three samples, 4, 28 and 48, from the profile
Katy I, in which the material was somewhat less corroded. Cbservations
‘were made on 50 grains in each sample. However, it appeared that even
in these samples the spruce pollen grains were not suitable for measuring,
since they were flaccid and mostly crumpled. In samples 4 and 28 we
managed to measure only one pollen grain in each and in sample 48 two
grains. The height of attachment of their sacs was 82-4, 62-7, 63-8 and
68-2 u. The measurements indicate that these grains belong to Picea abies,
‘which however, considering their slight number, does not allow any con-
clusions which species of Picea occurred at Katy. The macroscopic remains
(needles) derived from both profiles belong exclusively to P. abies. Lack
of evidence for the occurrence of Picea omorikoides at Katy might sug-
gest, according to the recently accepted criteria, that this flora derives
from the Odderade interstadial. Nevertheless, the nature of the vegetation
.described from Katy, despite missing P. omorikoides, refers it to the
Brerup rather than to the cooler Cdderade interstadial.

5%
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AGE OF THE FLORA FROM KATY IN THE LIGHT OF THE RESULTS
) OBTAINED IN GEOMORPHOLOGICAL STUDIES

 The results of the present palaeobotanical studies and radiocarbon
dating of the sediment fail to determine the age of the flora from Katy
definitively. This being so, attention should be given to geomorphological
data of stratigraphic importance. '

At Brzeziny, situated at a distance of 10 km from Katy, up the Du-
najec River, the fossil flora, already mentioned several times before and
referred to the Brerup interstadial, occurs in a geological position analogous
to that at Katy (Birkenmajer, Srodon 1960). Here the interstadial
peats rest on a thick layer of fluvial Tatra gravels and are covered, as at Ka-
ty, by a thick layer of solifluctional clays of the last glaciation age. The
upper boundary of gravels at Brzeziny is placed at an altitude of 511 m
a.sl. and the upper boundary of gravels underlying the organic mud at
Katy is at an altitude of 490 m, the difference being 21 m. The surface
of contemporary gravel-banks of the Dunajec is at 500 m at Brzeziny
and at 467 m at Katy. The difference is 12 m greater than in the previous
case, which is connected with the greater deepening of the river channel
in the youngest phase of the Late glacial and Holocene and its increased
down grade. Thus, it may be admitted that the Tatra gravels underlying
the florae at Brzeziny and Katy arve the same age and consequently the
florae of these sites are contemporaneous or at any rate referrable to the
early period of the Vistulian glaciation. This age determination is not
inconsistent with the results of palaeobotanical studies and radiocarbon
dating.

The interstadial age of the sediment at Katy is also suggested by the
order of the deposits, similar to that in other Carpathian profiles (Wado-
wice, Zator, MyS$lenice, Dobra), in which the florae from the interstadials
cf ‘the last glaciation have been demonstrated (Sobolewska, Star
kel, Stodon 1964; Koperowa, Srodon 1965; Srodon 1968)
In these profiles, representing the middle terrace, the organic sediments
and silts of flood facies occur as a rule between the underlying fluvial
gravels and the overlyihg layer of solifluctional clays or loess. In Star-
e I's (1968) opinion, the cycles of alluvial-deluvial sedimentation derived
from one glacial are characteristic of terraces in many Carpathian valleys.
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STRESZCZENIE

POZNOPLEJSTOCENSKA FLORA Z KATOW KOLO SROMOWIEC
WYZNICH (PIENINY)

Pozycja stratygraficzna flory plejstocenskiej z Katéow jest kontrower-
syjna. NajezeSciej jest ona wigzana ze schylkiem interglacjalu eemskiego,
ale nie brak rowniez wypowiedzi, ze jest to flora interstadialna z wcze-
snego okresu ostatniego zlodowacenia. Praca zawiera ponowng prébe wy-
jasnienia tego spornego zagadnienia, na podstawie nowo opracowanych
materialow 1 dzi§ juz duzo lepiej poznanej poéznoplejstocenskiej historii
roslinnosci w Karpatach Zachodnich.

Dwa $wiezo opracowane profile metodg analizy pylkowej i makrosko-
powej w zasadzie nie odbiegaja swa tre$ciag od wynikéw uzyskanych na
tym stanowisku przez Dyakowskag (1947). Z wiekszg natomiast do-
kladnoscia mozna bylo przedstawié¢ charakter zmieniajgcych sie w profilu
osad6w, jak rowniez i sukcesje roslinnosci uwarunkowang stopniowo po-
garszajacymi sie warunkami klimatycznymi.

Flora z Katow jest starsza od 51 200 lat B.P. (GrN 6251), a tym sa-
mym datowanie radioweglem nie usunelo watpliwosci co do ]eJ pozyciji
w schemacie stratygraficznym plejstocenu.

Opracowana flora wystepuje w profilu terasy s$redniej, zbudowanej
z osad6éw wyraznie roznigcych sie skladem, ktérych nastepstwo jest ana-
iogiczne jak w innych profilach karpackich i Podkarpacia, zawierajgcych
flory kopalne z interstadialow ostatniego zlodowacenia (Brzeziny kolo
Czorsztyna, Dobra, Myslenice, Wadowice, Zator, Brzeznica nad Wisloka).
W profilach z wymienionych stanowisk osady organogeniczne pojawiaja
si¢ z reguly pomiedzy warstwg zwiréw fluwialnych w spagu a pokladem
glin soliflukcyjnych lub lessu w stropie. Ciaglo$¢ sedymentacyjna pomie-
dzy warstwa torféw lub mulkow interstadialnych a nadieglym pokladem
glin soliflukeyjnych lub lessu. jest zazwyczaj wyrazna. Taki cykl sedymen-
tacji rzeczno-stokowej, powtarzajacy sie w dolinach karpackich z duzg re-
gularnoscig, jest — zdaniem Starkla (1968) — charakterystyczny dla
utwordéw jednego okresu lodowego, w danym przypadku dla utworéw
ostatniego zlodowacenia. Wystepujace w spagu terasy zwiry fluwialne
wigza sie najprawdopodobniej z chlodnym, a przede wszystkim wilgotnym-
schylkiem interglacjalu eemskiego i jego pograniczem z okresem zlodowa-
cenia Vistulian.

Wyniki analizy pylkowej oraz szczatkéw makroskopowych stanowig
podstawe do odtworzenia sukeesji ro§linnoéci w tej czesci Pienin w okre-
sie odkladania si¢ omawianych osadow.

W czasie tworzenia si¢ mutku organicznego panujacym zbiorowiskiem
byly lasy $wierkowo-jodlowe, i to nie tylko na stokach Pienin, ale takze
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w 6wezesnej dolinie Dunajca. Na terenach podmoklych wystepowalo zbio-
rowisko olszy, najprawdopodobniej Alnus incana. Z drzew o wyzszych
wymaganiach klimatycznych tylko obecno$é¢é Carpinus in situ wydaje sie
do$¢ pewna. Niewielkie ilodci pylku innych drzew cieplolubniych pochodzg
zapewne z dalekiego transportu.

Przerwa w akumulacji multku organicznego jest synchroniczna z po-
czatkiem degradacji dotychczasowych zbiorowisk lesnych. Znika calkowi-
cie w tym czasie jodia, zmniejsza sie¢ udzial olszy oraz zaczyna sie kon-
sekwentne wycofywanie Swierka. Zmiany te stwarzaly stopniowo warunki
dla rozprzestrzeniania sie sosny, ktérej obecnosé w dolinie Dunajca
w okresie gwaltownego spadku udzialu swierka (strefa C) jest potwierdzo-
na wystepowaniem szczatkéw makroskopowych. W miare zmian zacho-
dzacych w zbiorowiskach le§nych, na znaczeniu zyskujg zbiorowiska roslin
zielnych, wzbogacane przez nowe gatunki i to zar6wno na siedliskach wil-
gotnych, jak i stosunkowo suchych. Zmiany obserwowane w diagramie
pylkowym stropowej czedci profilu II sugeruja, 2ze w tym czasie tereny
przylegle do badanego stanowiska znalazly sie prawdopodobnie powyzej
gornej granicy lasu.

Ocena wieku flory z Katéw na podstawie wynikéw badan paleobota-
nicznych nastrecza trudnosci, poniewaz wszystkie profile zbadane z tego
stanowiska rozpoczynaja sie w okresie, ktéry mozna odniesé zarowno do
schylku interglacjalu, jak i do optymalnej fazy interstadialu.

Poréwnanie obrazu roslinnosci z Katéw ze schylkowsg czescig typowo
wyksztalconego interglacjalu eemskiego z Ganoviec na Slowacji prowadzi
do wniosku, Zze profil z Katow nie odpowiada schylkowej czesci profilu
z Ganoviec. Jak bowiem wiadomo, wysokie wartosci Carpinus sa charakte-
rystyczne dla mlodszej czesci interglacjalu eemskiego. W Ganoveach wa-
haja sie one w tym okresie od 12,0% do 35,42%, natomiast udzial Carpinus’
w Katach nie przekracza 2,9% :

Charakter rodlinnosci reprezentowanej  przez spagowsg czesé profili
z Katow, mimo pewnych cech wlasciwych tylko temu stanowisku, nie ko-
liduje w sposob istotny z obrazem roslinnosci poznanym na stanowiskach
karpackich i podkarpackich flor kopalnych, zaliczanych na podstawie wy-
nikéw , badan  paleobotanicznych i geomorfologicznych do interstadialu
Brerup (Brzeziny, Wadowice, Sciejowice). .

Na podstawie powyzszych przeslanek autorzy przyjmujg dla flory z Ka-
tow wiek interstadiatu Brerup. ’



U T Aquarics
! | ~ MACROSCOPIC REMAINS
roTAL T REES AND SHRUGBS HEREBS l AND CkYPTOGAMS £ OF TREES AND SHRUBS
. SEMI~AQUATICS SRS
: J . <
3 ’ 8 ' ‘I @ 38 g3 = 2
< % v o &8 3 3 b S g eR. |e Sz 4 B e
S 2 o g T Q | € N . S 59 s .a||8% © ~ 3
¢ s ¢ 8 & < 8 g - g 8 o E3SUE L Q RN 10 B I | N - A x0T | F
S N ° ) , ) 2 S S o g & o o XD - £ s € L g2 s E ¢ oA 2., £ Eg © c c o2 § Piceasp Ty = c
= C _ Pinus t. silvestris —e— < € w ST g oeg P8G9 T g o >3 I e ge 3§ X . e £ 5333 E &8 gl =D ¢ & =4 gl » @
] AP NAP Alnus © : SR N S oz R 2 o T < jo% oz T 2 o¢ Polypodiaceae % =22 3| € 9 2 @ ~G 2 =
e = S { e 3 -~ 3 Qo © 28 % mE=z 23 8E 08 o2 a0 & = 3 2 oo g Qe o= ElS g =~ —~ 9> =
< S Gl > <O Picea —a— 23 3 29 o & & 2 5 03T 0 0. S < < + WUao 8 G w Qe F5 60 & 8 & & o B| © g2 Q@ H T P = S
a o9 2 §33%,3Sx9gx3583]5 E§8aa2grSys2sls o §x 520 F ¢S 8 S s8C088R% 255 g © S P R R
@ e .0 2c 2= z 2 23 £ v o 9 R < 185 85 s = = @ 2= 398 c 2 g w9 T o T w0
o nggbﬁmésmg\%m&SkQEQ-EED%mgngE T 150 58 29 ® £ 23535823 822 % 2 2 & 5 838
qUUDOi:‘QJ~IQ.V1°-jCDUQQUUUU‘D‘Q:Q:>KKIQ~V1‘ I R R ao Q&‘mqqmm\sﬁt a £ 3 Q3 &3
50% 0 20 30 40 50 60 70 ®O| 10 20 30 0 wls|slslslsls|slsis|s]|s]s ~o‘ ol51s wlsls|slsis!sis[sls|s 5% H s s.sls 0 20515 5 |5|s|s5|5]|s|s5|s54 50 100 < < = =2 ez as
m RS WS [ TR U S T i T T feet G T ) 1 3 I ! r | it I} I ! v 1 il ) T 1 1 fallh 1 } i I e : i it J N Plant. media O,3; Pieurosper ar 1 L ol 1 T ) ! PR Bt ) 1 i L 1 1 i ‘ 1
» ! - R - Ranunculus of scelerats G1 — - ] + -+ = Tarix = d
= Iv"\ﬂ P - S = ?:/ N ] enunculus ot seetera - - I= - [ " Samb rac <1t
H 5 P S - i ) ] = Jesione 92 —— N I et %
A —_ | k“ | >_ | Plantago- maior G, 4\ . } 4
2 # & | ) T ‘ o, e 97 ‘ ——— c
Ephedra — -+ Rume. elia 02 { E
o . fragitis QZ—E A Pad Fagus 02 \?_ - |L " Jasione 2 Urtica diofea 02 - - 4 L Y 1
= Ao -L Metandrium cf. noctifiorum G — L B }—
v > 4 >~ § a fme—] L 1 15
= P LR e {
= e — i S *
Y 3 3 = - - —— . ‘ t—]
14 ) I ; i
B < A S I e ] ] ; —
P4 iV \_‘)—LF >— mex acatosa OF 1 - /HF—’ = |2 : B
i & —b of. Acer Q1 la ! . ;
» <, =] 1 i | — j - "
= Y A '\ —n--—— Frunelia tynz Q4 —— '§ 0
I —— / > ] . = 1 5
C date o u\/ﬁ'— Fagus 01 . 4>_ _(L— l—“ N '}" o - I Oryopteris spinulgsa Q1 - 8]
>512008F 4 | & cf Acer G275 __;z H:; L i A S - SR ]
[ <z i st Prunella type O, Suceisa O —— 51608 ]
[ )1 ) = 1458y ueene 91 T b 5 J
{- 5 Frangula O SE E 2 ! L} Urtica diaica 1080 122 f L - % 0 Junigerus-1seed A
: ; [T CGeranium 0,2 - — T 2 C 3 Sambucus racem.-1 fruit
K 3 — 1§ _ ] Gerani 22 L L
18 P ) - la = T ‘_P__ A i ! . Lycopodium ctavatum 0,2 _ 1 _F 2 | ! I
b S — | N PRI A N [ S B 1 \ < 1 i ‘ |
4 pay L )
T T o O T oes 3 == - ) ) Number of specimens:
: 9o 0 N ~
V///_l’ { '12 2%0%4% ?of-aﬂjé [[l]]]]]l]7 e |20 | )4|7O |« A «|“ fnat. K Mamakowa 1’ Mz-s Es-0 >0

Text-fig. 4. Katy — profile I. Black silhouettes represent percentages, white silhouettes percentages enlarged 10 X. Sediment symbols: 1 — topsoil, 2 — silty clay, 3 — silf, 4 — sand, 5 — gravel, 6 — sandstones (black) and calcareous gravel (white), 7 — rusty hard-pan, 8 — organic mud, § — small fragments of wood, 10 — big fragments of wood, 11 — charcoals
Ryc. 4. Katy — profil I. Czarne sylwetki przedstawiaja procenty, biale wartosci procentowe powigkszone 10 X. Oznaczenia osadéw: 1 — gleba, 2 — mulowaty i}, 3 — mu}, 4 — piasek, 5 — Zwir, 6 — piaskowce (czarne) i wapienne (biate) zwiry, 7 — rdzawa polepa, 8 — mulek organiczny, 9 — mate ulamki drewien, 10 — duze ulamki drewien, 11— wegielki

K. Mamakowa, W. G. Mook, A. Srodon
Acta Palaeobotanica XVi1/2



s8U0Z U3)|o4

-
d¥N + d¥ —— o T
dVN -=-eeees 1 N \ AN %
"1 \ —
[wo Jad ou ua)od 81 |7 \/\/ - N1 /j/ m
- LY SPPFITEEE Sl delebb LA Eodaladedabtdialinke “pevccoe-s
peppegay o B}
81BUIWIB)BPU| ] - I g | :/ |
aigeujwaalepul wi | | L] \ﬁ A W \L/
wnubeyds w- 1 V7 \Tﬁ \ \_\ff
i T
Jouur WnIPodoshT w- PN \\t/
v wniysAijog w- r
> B e i
wniplidly w- ; _
< il - - ﬁ > 4
© dofup sieidobayg - . | |
o 1” /_ | 7_ L[ w _ ,_ ’ "
— ooy o ™ 2% W | o N g
a 3 $119% _ S (2% | . _ _ 593 3
2 ST | e ] i 8
> % tlogs | 58 358 7 | 115 . | S8 S
& kS 84 §=¢ | 33 8F 5 _ 3 | | W 2E% 3
5® 2 | SE 23 | bS] ,, a5 & a
© S Sk | gs % % B | B 4 S
= 8 898 , 3 g 3 €35 >
& e- &8 5 - &
Lon otk adAi eqijed wq 3 M m.m,
U L nd N B - 3 .
P Z Uy | wejodn3 yoes M 25 _ 2 _ sS |
S < | wojobowejod S35 | & _ a9 i
T
dYN+dV I 4 % £ 8% 53 88 Z£82 53 85 3 853 BB & 38R 8 83 8
T i _ T ; T T T _ _ ]
o~ 1 |
o ™ 'Wn-/u./ | w/ _ |
3 & | Sk || 8 R
, S 3 522 8 | w | |
| = 3 I 3 3 : | _
| i - > Coay - < | 2 P & j
| < 3 & S «f| 2n § I T o .
P9 3 s G Of| 89g¢ 2 | 5083 v | ,
I e Q3 o F Soe &2 & . 5 O Q !
I © £ s O Qga o8-E o = E = > ;
S 3 ¢ s S E 35 §7¢s s 3 , _
S = s 2 g 2 o9 96352 3 e S € 3|
@ 4 7 5 3 g 2 3% $E <o 2 ) s g Z |
S § E g 5 A8 2. g£cas § z T £ 3
i 5 2 5 2 § 5 Sa3g 3252 § § 5 5 | 5
S 2 g d & d © ad s TadT | O S & 0 > "
< t ) | b S — et | po-- — 4 - = —
R T T T v
(3ul -g) BIIBWIY w-| \_/ | | | | | 4
T n " |
BUBIUOW ] BIINBIUDD = | | _
WNIUOWa)0d - 7 | \ﬁ _ _
lllwlTrt‘fv\l H | ) _
w | 8dBnoIae WnUuobAiog o W \ﬁ|w/ L
© adA) siwayiuy w- m g
« wnapogeyy
w 82328S0Y -
T PUBRIIBIBA -
1328 7} SMNIUNUBRY o
apraIRIGNY W
ALdajImaqun w-
adAy E:.\wéu‘f T
‘qn| oe1isoduwcy w- .
617 oejisodwon v | |
J— . 4
aeaoeIpodousayr) w- .
, _
BISILIBIIY ] _ L
: L apN -
crauUIWEI m,_ _
oraosriadAn J | ,‘
. —
eUBU '} BJNag ] | B PN
—f 1
sniadiunp w- f ~1 |
unp & P - —
snindog - T T EE .
o \F I [ , i
xijes T W ”
(% — i M\!l/ ' H g
csquies snuig - SRIPN ] w
© < . |
xiseq o A\ L
- | | P ,
eqgje ) ginjag w-
R -
BSOWBDRS YO Q- . [ A |
T snonquwes 1 ] | —
“n SN2IBNY - | | _
snuin o T | S
a SN}AI0D) w L BN | \/C\
z snuidie?) w4 BN \/ L\ \/ 7 \_L\\
< saIqy w- || \\Z
™ - -
] I | §°
snu)y e4 = n
9 ] F |
W .
W N
o] Y
0
@ - |
R ol |
— < + 4 ” i
0 Q | ,
2 w 3]
= @ S M
(%} (8]
PR & T
. 2 o]
a I NP S |
[ _ _ _
B 77 _ ﬂ I
Q i
N_ AN.Hc ] w,
-
5 %] o8
2 o {} . 3t
< s 3 |
R | —
| T
‘ou a)dwes § 5 83 & 8 8 & & § R 8 & & ¢ + LRI
sau0z uaj}jod o & o <

K. Mamakowa

Anal.

Text fig. 5. Katy — profile II. See explanation for Fig. 4
Ryc. 5. Katy — profil I1. Patnz objadnienia pod ryc. 4

K. Mamakowa, W. G. Mook, A. Srodon

Acta Palaeobotanica XVI1/2



Tanls 1
?abela 1t

2U° UT eosiIns spils

12.2
9.6
8.2

13.4

10.7

8.6

1.0

13.4

13.6
9.0
8.0

20.0

21.6

TOXERTREJ

XTa3shy

ousovrmadng/ous0ETpCATY,

BAI@D0I224

worAxordey *3 cuuyq

94GUTAISIOPUT FBIVFTUOD

93BUTRIIL8PUT

STQEUTNISL2DU]

anudeydg

8dAy wnyueiaedg

BOPTOUTIRISE BITaUTFETSG

-dwTorpiy /snog3ende xeanyg

EmETTYnbe WNEpgoedd

-wejodny ‘q00s wozefowajoyd

*FoeTo) *10es uozaFoweiog

1

ea8fTna wnipodArog

evooRTpPodATog

79
107
€9

79
81
95

eTze3dofap syazjdodeyy

53 (337

20
10

21
30 a3

24
16
18

“ds wnypodaok

ofeTes umypodood]

un3savte @njpodoof]

mnufjouue nipodooAT

wgornuyds syjresdofag

ed43 wuyray

17

weFoLI30g

sdfs majgosyieq

was - q¥N

150

0dA3 votnoTe)

BUBTISTEA

@030FD TOYHIQ

s0TAIN

ava9zTTIAANN

mnI3erreny

wnjigdels

esToorg

€6320T0Y 9JIETTO3S

wnyaede] ‘3008 xewny

BITOS03308 Yeuny

8503908 Xemny

8w00BTqNY

$850TS0Y

EU3RIGTOOE "FO SNINOUNUERY

Ze03 ‘3 snurnownusy

@BOOBTNOUNTSY

ed£3 BrTOWNI

womred goanetd

sIpom oFBjusTd

J078® 0Fe3UBTL

$39T060TRT oFe3usTd

vd&y BQjuey

Katy - Profile I. Absolute numbers of sporomorpha

Katy - Profil I. Bezwzglgdne ilosel sporomert

TIT300U ©JO WnTIpEEISK

epamEny

ouoysep

od4y ernur

swouTNELD

wnyuesss

wIOPWad T TTL

6B80TOTIL

ewaoeIsdiy

eBaABFTONIY

‘L¥yamg ee3ysodwog

*TI7InIyT eev3ysodwmap

1332
504

edfy wnysaty

2

eveoutpodoneyy

1

swsonTTARdoLiey

sumire)

BISTWORIY

wns - gy

200
500

snmiq

ETITL

Xy

snoTend

o

snradod

1

2

ETIISOATTIE "3 SOUTL

B92
402
393
444
380
7
288

79

83
147
129
290
207

29
13
58
87

vIqUED SRUTY

1
1
4

©30Td

85
76
93
125
167 |5 | 389
169
129
367
87
88
301
326

362
488
318
317

X[Ie]

2
312972
31747

14
3

snaedyump

1

snure winfueig

snBzg

*Bexz 3 wapeudg

snidxop

snutdaey

euTy ‘3 ETB3eY

©qTs ‘3 era3eg

9

1

o

enury

315
64

32

34
53

ooy

so3qy

16

3

o eidmug

50
43
48
A7
46
45
4
43
42
41
40
38
38

28 | 43
26 | 42

36

10.6
1.6
3.4
13.9
13.4

70
88
a1

22
14
10

1

14

1000
500
500

2
3

-2

102
92
62
57
50
a2
I
86
83

242
679
320
314
272
253
266
375
17| 2

1

41
80
155
81
326

22 61
20 |8
18|43
16 |55
1
6

K. Mamekowa, W. G. Mook, A, Srodon

Acta Palaeobotanica XVI/2



Tavle 2

Katy ~ Profile II. Abvolute musbers of sporomorphs
Xgty - Profil II. Beswsgledne iloSci sporomort

Yovela 2

2®0 UT 99vZINS 3PYTS

w

6.4

8

8.0

9.6

WUI3SBTPIL

uoT&xordey ¢ snutg

93BUTNIS}OPUT 8BIIFTUOY

83BUTWIGLSPUT

8TqRUTRIALAPUT

B110F1181 vudl]

maudeydg

od43 wmywefandg

sepTouEHeTas BITIUTHCIRS

WRUTTFabe ENYPTISIS

azjodnyg 31995 woysFomeso]

20070y ‘308 Wojzaomeyog

1

sxefyna wnypodLiog

1

oeooeTpodAroq

105
114
127

50
126

stie3doiap stisadoFayg

36
23
32

22
40

oFeros unypodooky

-38743/ Tdwoo wngpodondy

am3eae[o ENTPOdooT

muuggoune mypodoody

ediy vyl TED

2

1

313

angyoiaseq

1

wns - J¥N

117

113

132

99| 2| 4

2dAy eOTUGIAL

BUBTADTRA

- RRIBITITAOWHA

BMRTTIOIL

weageTTEYL

anyigdudg

wonyeder 3008 xewny

sesovyany

o8s0BS0Y

Ie0® 3 snrmouNuUey

adLy wiTeWRa]

eavTEATA® -3 WUWOILTOL

ETHoWeTog

ammzedgoanaty

‘18 SWTITICH 0FeIWSTH

so7ew oFeaunia

238T060UR] 0FVIUETY

0dAy {TouTdnTd

svoovnofITdRd

Teawdeg

ed£y sYjUen

suogser

egouTURIY

sdds smoyoeTyH

mnjurion

2880BOTIY

wnuATy

1

sBooBIads)

60

64

82

34

42

63

35

sBIPFTONID

1

1

esI0TITAN] ®B3TsOdMO)

2

3

PBIOTJTTIRITT evyysoduog

11

513

10(6

13 4

8

15 10

edAy wnpeato

1

1

seecsy podouoty

1

edf3 wni3sele)

®80TQEOE '3 BAIUBIUSY)

BUBAUOW "} $IIBBIULY

eve0aTIAqdofing

srnuedoey

sunIep

woaustdeg

BIOTmEIAY

ouTI-g wlIemIy

8dfy syWeUjUY

BRIy - gy

200

200
202
200

200

549

300
658
301
501

200

600

500

seuTn

1

111000

BIITL

1

B7aednone ‘jo SngIog

WEOWGORI “JO SNONQUBY

xy1ey

43

snozaud

suyndog

SIIEOATTS % SMUTJ

384

184

197
176

337
157
425
480

260
429
253

217

175

186 |
341

85
68

50

131

83
55

BIQWID SUUTY

3

2
2
T

3

3

¥B80Td

7
8
29
27
55
38

28

26
55

39

59
62

81
187

81

79
136

777
319
313

xpaeq

1

1

sngadunp

2

1

qeudoddsy

sudeg

SATAIO)

suupdaag

3|2

euwsu ‘3 BIN3eY

BQT® ‘3 eTnieR

1

suTy

22

48

45

2974V

12 |1

24 |95

oy ogdueg

48
47
46
45

I

42

40
37

35

34
32

30

28
26
24
22

21 |

20
18
16

12
10

2

K. Mamakowa, W. G, Mook, A, Srodort

Acta Palaeobotanica XV1/2



	AP230 z
	mamak f 4-1 o
	mamak f 5-1 o
	mamak t 1-1 o
	mamak t 2-1 o

