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ABSTRACT

The study presents the results of palynological investigations on the sediments at
Domanski Wierch, situated in the western part of the Nowy Targ—QOrawa Basin, near
Czarny Dunajec. The research enabled the reconstruction of the picture of several
plant communities which had developed according to the topography of the terrain
and habitat differentiation. The communities in the wet habitats at the bottom of the
Basin were composed chiefly of Alnus with an admixture of Fraxinus, Populus and
Pterocarya. Drier habitats, situated upon the slopes of the elevation, were occupied
by deciduous forests of different kinds. Higher up there were coniferous forests with
a predominance of Picea.

Having analysed the composition of the vegetation and drawn a comparison
between the pollen diagram from Domariski Wierch and those of the Miocene and
Pliocene from South Poland, the author concludes that the sediment under considera-
tion should be traced back to the younger Pliocene.
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INTRODUCTION

The Domanski Wierch elevation (753 m a.s.]l.) is situated in the western
part of the Nowy Targ—Orawa Basin (Fig. 1). Foetterle was the first to
mention in the year 1851 the occurrence of plant and animal remains in
the locality Ustié in the Slovakian part of the Basin, about 22 km west-
wards of Domanski Wierch (v. Knobloch 1968). In the years 1892
1893 Raciborski corroborated this information finding macrofossils of
Glyptostrobus, Pteris crenata, Fagus sp., Quercus (two species), Liquidam-
bar sp., and Acer sp. at Ustié and in its immediate vicinity at Liesek. R a-
ciborski also stated the occurrence of Neogene clays with lignites in
the localities of Ciche and Mietustwo, situated in the close vicinity of Do-
manski Wierch. Halicki (1930) brought further information about new
localities in the Basin in which he discovered Neogene clays containing
numerous lignites.

Palaeobotanical investigations in that part of the Basin were underta-
ken again after the discovery of a layer with numerous impressions of lea-
ves in the Domanski Wierch sediments. Preliminary results of palaeobota-
nical and geological investigations were published by Szafer (1950) and
Birkenmajer (1954, 1958). These results aroused such a great interest
that in the years 1956/57 the Institute of Geology sank a special bore-hole
in Domanski Wierch from the highest point of the elevation to the depth
of 228 m near a place called ,,At the shrine”. The material from that boring
served for the elaboration of a detailed geological profile (Urbaniak
1960). Preliminary results of investigations on the fruit-and-seed flora we-
re published by Lancucka-Srodoniowa (1963, 1965) who also ga-
ve a general description of the flora from the lignite clays from Chyzne
and Jablonka situated in the western part of the Nowy Targ —Orawa Ba-
sin. In 1969 Plewa published a paper on the granulometrical investiga-
tions in the gravel layers of Domanski Wierch. Zastawniak (1972)
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Fig. 1. A. Situation of Domanski Wierch in the Nowy Targ—Orawa Basin. B. Localities with Miocene floras from South Poland
examined with palynological method.
1 — Piaseczno, 2 — Swiniary, 3 — Klaj (Gdéw-Bay), 4 — Gliwice Stare.
Ryc. 1. A. Polozenie Domanskiego Wierchu w Kotlinie Nowotarsko-Orawskiej. B. Stanowiska mioceniskich flor z Polski po-
ludniowej, zbadane metodg analizy pylkowej.
1 — Piaseczno, 2 — Swiniary, 3 — Klaj (Zatoka Gdowska), 4 — Gliwice Stare.
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described the leafy flora occurring there in two levels. Some suggestions
concerning the age of the Domanski Wierch sediments on the basis of paly-
nological research were submitted by the author of the present paper at the
session of the Geological Institute devoted to the Neogene of Poland
(Oszast 1970).

The palaeobotanical research on the Neogene floras are also carried on
in the Slovakian part of the Basin. Paclt (1965) described the macrosce-
pic remains from the lignite clays at Vavrec¢ko near Namestovd and K n o-
bloch (1968) characterized the flora of the clayey-sandy series from seve-
ral localities situated on the south-eastern margin of the Orawa Basin.

REMARKS ON THE GEOLOGICAL PROFILE, THE STATE
OF PRESERVATION OF PLANT REMAINS AND METHODS OF RESEARCH

In the geological profile obtained by boring and described by Urba-
niak (1960) a boundary line was distinctly to be seen at the depth of
14 m, dividing the upper sediment series (1—14 m) from the lower one (14—
228 m). These differed in lithological and petrographical respects. The up-
per part is composed of loamy sediments with Tatra quartzites and quartz-
ite rubble, whereas the lower part contains alternate depesits of clays, he-
terogranular sand and clayey-sandy sediments with fragments of sandsto-
nes.

From the core of the 228 m profile, 306 samples were taken for paly-
nological investigations. In most cases they were taken every 20 cm, in so-
me segments of the profile, however, particularly in gravel, it was not pos-
sible to take samples so often. The sediment was macerated with the hy-
drofluoric acid in combination with Erdtman’s acetolysis (1943), sometimes
Knox’s flotation method was also applied. At times the sediment was pre-
viously solved in a mixture HF and HCI (in a 3 : 1 proportion) to achieve
greater accuracy in cleansing the material from calcium compounds. The
usually abundant plant detritus was burnt out in H,O,.

In 77 samples only of the total of 306 were sporomorphs found in suf-
ficient number to permit a per cent calculation of the pollen spectrum. The
remaining samples were either totally deprived of sporomorphs or just
a few, at most a dozen or so appeared on the slide surface (4 sq. cm). Unless
the number of pollen grains obtained on five slides amounted to a hundred
or more they were not taken into consideration in the pollen diagram. This
is why pollen diagram is presented in the form of histograms illustrating
both the spectra of individual samples and the — longer or shorter — profile
segments in which the consecutive samples had enough pollen to enable
the calculation of the spectrum in per cent. The lack of continuity in the
diagram is a result not only of the occurrence of parts where pollen was
scarce or altogether absent, but also of coarse gravel strata of varying
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thickness, from which no samples were taken. The absolute quantities of
sporomorphs found on the different levels are presented in Table I. It
consists of two parts, one comprising the grains of tree and shrub pollen
(Table I', Part 1), and the other a list of sporomorphs of herbaceous plants,
the Pteridophyta as well asHystrichosphaeridae (Table I, Part 2). This
latter part of the table is presented in a somewhat simplified manner,
presenting only the horizons in which sporomorphs were found. In calcu-
lating the pollen spectrum in per cent the basic sum total (100%,) was
composed of the sum of sporomorphs of trees, shrubs and herbaceous
plants.

Striking traits of the material under consideration are the bad state of
preservation of most remaining sporomorphs, the differences in the extent
of their corrosion, and their frequency of occurrence. The marked change
in frequency of occurrence in the consecutive horizons is undoubtedly re-
lated to the process of deposit sedimentation. The recurrence of coarse-
-grained sediments alternating with fine-grained ones testifies to a chang-
ing sedimentation rate, which at times is intensified (gravels) and at ti-
mes slowed down (clays). The coarse-grained sediments usually contain
mere traces of intensely-corroded pollen grains or are even totally depriv-
ed of them, which in all probability should be attributed to the weathering
of the sediment, creating favourable conditions for the destruction of spo-
ropollenin. Another factor which may have played a fairly important part
here are mechanical forces which, as stated by Havinga (1967), can
bring about the destruction of pollen grains into tiny fragments in no way
differing from indeterminable plant detritus.

The different degree of corrosion found in pollen grains within the same
sample leads to the assumption that the sediment was a mixed one and
that it therefore may contain sporomorphs of different ages. In pollen
spectra this is demonstrated not only by the non-uniform condition in
which the sporomorphs have survived but also by their inconsistent com-
position. Therefore, it sometimes happens that in the forest flora of
a temperate climatic type there occur occasionally pollen grains of exotic
forms, e. g. Symplccos. '

Apart from plant pollen, the sediment revealed also Hystrichosphaeridae.
They were found in horizons where the pollen was most corroded, while
in the samples containing well-preserved sporomorphs they were either
entirely absent or occurred in insignificant amounts. This sort of Hystri-
chosphaeridae occurrence in the sediment throws light on the source of at
least part of the rebedded material, whose origin should probably be traced
back to te wash-out of Flysch rock.

! Tables I--V are to be found on the back cover.



THE CHARACTER OF THE VEGETATION

Forest communities predominated in the vegetation cover of the
examined area. In the upper mountain regions these were chiefly coniferous
forests. A considerable preponderance of conifer pollen in the Domanski
Wierch diagram is one of its characteristic features (Fig. 2), while in the
fruit-seed flora only cccasional specimens of coniferous trees were encoun-
tered (Szafer 1952, Lbannicucka-Srodoniowa 1959) and in the
foliaceous flora they were not found at all (Zastawniak 1972). This
proves that coniferous trees occupied higher-situated habitats. It is interest-
ing to note that every sample contains well-preserved pollen grains of the
Picea sometimes amounting to more than 50 per cent of the over-all
number of sporomorphs. Srodon (1967) maintained that the occurrence
of spruce pollen ranging from 1 to 3 per cent indicated its presence in situ.
Therefore, the high values of spruce pollen in the Domanski Wierch profile
prove that it was a constant and important component in forest communi-
ties there. In describing Pliocene vegetation in the localities situated in the
eastern part of the Basin, Szafer (1946) assumed the occurrence of
a mixed forest with a large proportion of the Picea and Tsugae in upper
mountain regions. At Domanski Wierch it is the Picea which predominates,
while the Tsuga, as the Sciadopitys and Taxodiaceae, occur much less
frequently. In comparing the flora from different localities in Slovakia
Némejc (1943, 1967, 1958) drew attention to the absence of spruce
macrofossils in the older Tertiary. They did not, in fact, occur until the
Late Sarmatian, and it was only in the Pliocene that they cccurred with
greater frequency. In Nemejc's opinion this may be significant as
a stratigraphic critericn. Planderova (1970) in comparing the occur-
rence of the major sporomorph types in Neogene sediments of the Slovak
region in West Carpathians noted spruce pollen ranging from 5 to 10 per
cent only as late as the lower Pannonian, on the other hand she either did
not find it in the respective Miocene horizons, or, if she did, it was only in
insignificant amounts (1 to 2 p. c.).

The occurrence of spruce in pollen diagrams coming from different
parts of Europe has even led Rein (1955) and other palynologists to
conclude that spruce pollen in traces only occurs in the Late Pliocene
(Reuverian), whereas during the Tegelene Interglacial it increases in
amount, sometimes even reaching as much as 40%. Thus the large propor-
tion of spruce pollen in the Domanski Wierch profile is certainly of signi-
ficance in considering the age of this sediment.

The forest communities developing upon the slopes raising above the
bottom of the sedimentation basin were of quite different character. These
were mostly deciduous forests, composed, according to their respective
exposure and habitat, of various trees such as: Acer, Aesculus, Carpinus,
Carya, Castanea, Fagus, Juglans, Quercus, Sorbus, Tilia, and Ulmus. In the
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undergrowth grew shrubs of the Cornus, Corylus, Rubus, Sambucus and
Viburnum genera.

On the damp bottom of the Basin, as well as at the river-side habitats
tree communities developed, composed chiefly of Alnus with an admixture
of Fraxinus, Salix, and probably also of Populus as attested by Zastaw-
niak (1972), who found evidence of this in the foliaceous flora. It was
here too, that Pterocarya, a tree preferring habitats in alluvial soils,
probably grew. These forests were accompanied by ferns of the Polypodia-
ceae and Osmundaceae.

In the palynological picture of this plant community a characteristic
feature is the recurrent predominance of the alder, its sporomorphs at
times exceeding 70 per cent of the over-all amount of sporomorphs. Hori-
zons with an abundant occurrence of alder recur several times in the
profile, always in the stratum of gravel-covered clays. The first great
concentration of alder pollen in the diagram is noted at the depth of
191169 m. Besides the Alnus one finds here Aesculus, Betula, Carpinus,
‘Carya, Castanea, Corylus, Fagus, Liquidambar, Pterocarya, Quercus, Tilia,
and Ulmus. Whereas some of them, such as Liquidambar and Pterocarya
formed part of the alder forests, the pollen of the remaining trees has
probably come from forest communities overgrowing the slopes. It was
from alder forests too, that the pollen of Filipendula and Lysimachia as
well as of aquatic plants of the Batrachium, Potamogeton and Sparganium
were derived. The increase in the proportion of alders at the 130—119 m
depth presents a similar palynological picture, with differences in the
respective amount of sporomorphs. The number of alder sporomorphs
amounts here to 72 per cent of the over-all number: here, too, the value of
the Fraxinus was the highest for the whole profile (up to 30%). The proper-
tion of herbaceous and aquatic plants in the whole is very much the same.
The third segment where alder is predominant between 103 and 100 m, is
poorer in generic composition than the former ones it is to be noted,
though, that the proportion of the Pterocarya is large (20%).

Alder was observed to predominate for the last time at the 47 to 44 m
depth: there a picture was preserved of communities similar both in
composition and in quantitative relations, to the alder forest situated at the
greatest depth in the profile. Higher up, the proportion of the alder in
pollen flora decreases, nevertheless in the highest samples it reaches 20%.

The recurrent picture of virtually similar plant communities with alder
as the predominant tree does not denote the succession of the plant but is
the result of the discontinuity of the diagram. The pollen flora of the
horizons which have been preserved in the intervals between one alder
complex and another, does not show any essential changes in its composi-
tion. This seems to prove that the sediments of Domanski Wierch had
accumulated during one climatic period. It can be assumed that the periods
of intense fluvial action, combined with gravel accumulation, were of short
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duration and that the ,,catastrophic” filling up with gravel brought about
only a partial destruction of vegetation. Thus, after some time the primary
plant community would re-appear in its original form, the alder rapidly
regaining its previous predominance over the area. Another factor which
certainly favoured this reappearance was that the habitat would be well
provided with water and the soil enriched after periods when the flow of
water had been more intense than usual.

In the European Tertiary sediments there are commonly two types of
pollen grains of the Alnus genus, namely the keferesteinii type (a small,
four-pore one) more frequent in sediments of the older Tertiary and the
incana-glutinosa type (a larger, five-pore one). In the Tertiary sediments
on Polish territory, a large amount of alder pollen was noted by R a-
niecka-Bobrowska (1966, 1970) in the Miocene sediments in
Lower Silesia. According to her, the predominance of the small, four-
-pore pollen was so common a phenomenon in the early Miocene
in Central Europe as to make her suggest that this particular should be
called ,,The First Alder Phase”. Later periods brought an abundance of
alder with larger, five-pore pollen (,,The Second, Younger Alder Phase”).
The boundary line dividing these two periodsin Raniecka-Bobrow-
ska’s opinion (1. c.) can be taken as the disappearance of the former type
of grain and the appearance of the latter. Pacltova (1963) also observed
two types of alder pollen grain in the floras of the older and younger
Miocene in Czechoslovakia.

Only the five-pore pollen grains of the Alnus incana-glutinosa — type
have been found at Domanski Wierch. We shall revert to the problem of
the occurrence of two different types of alder forms in Tertiary sediments
of the Nowy Targ—Orawa Basin when we discuss the profile from Czarny
Dunajec.

The Domarniski Wierch profile also presents a picture of the vegetation
of dry, well-insolated sward, as testified to by a fairly abundant list of
herbaceous plants, such as Artemisia, Centaurea jacea-type, Chenopodia-
ceae, Compositae, Ephedra, numerous Gramineae, Helianthemum, Hippo-
phaé, Rumex acetosa-type, Scabiosa et al. On the other hand, no evidence
has been found in the pollen flora of the occurrence of any extensive watei
reservoir. This has been pointed out by LahAcucka-Srodoniowa
(1965), who based her statement on the results of preliminary investigations
on plant macrofossils. Further, the Domanski Wierch sediment shows no
traces neither of evergreen trees or shrubs nor of distinctly thermophil
species. The few sporomorphs of exotic plants were probably rebedded,
while the bulk of the vegetation is composed of genera typical of the
temperate zone. Among the characteristic features of the climate in which
the vegetation grew at that time, was increased precipitation, perhaps
‘periodic heavy rains or torrential storms as seems to be indicated by the
‘gravel strata bearing traces of increased erosion and accumulation.
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In comparing the results of the analysis of foliaceous and pollen flora
stress should be laid on the marked coincidence in the composition of trees
and shrubs of which the deciduous forest communities are composed. As
an example the results of determination of the leaves and pollen grains
in the top part of the profile, comprising the layer from 310 to 1820 m
were compared (Zastawniak 1972). For the pollen diagram of this
section of the profile 20 samples were' taken in seven of which it was
posible to calculate the pollen spectra. Although Pinus and Picea pollen
predominated, the sporomorphs of all genera determined on the basis of
their foliage — except the Populus and Parrotia — were found (Acer,
Carpinus, Castanea, Fagus, Quercus, Ulmus).

OTHER NEOGENE POLLEN-DIAGRAMS FROM THE
NOWY TARG—ORAWA BASIN

The diagram from Huba near Czorsztyn

In 1949 sediment was collected at a locality named ,,at Huba”, situated
in the eastern part of the Basin, near the bridge on the Dunajec on the
road from Nowy Targ to Czorsztyn. Seeds and fruits from this locality
were described by Szafer (1954), and geological investigation was
carried out by Birkenmajer (1954, 1958).

The profile collected for pollen analysis is 8:6 m thick. It is formed
chiefly of light, bluish-greenish clay with a varying degree of sand admix-
ture in different horizons. In the top of the profile there is a peaty mud
layer, 2:5 m thick, covered with a half-meter layer of yellow loam with
admixture of sand. Palynological analysis carried out in 1955, revealed
the presence of pollen in the top layer of peat, while the clayey and loamy
horizons did not show any traces of microfossils. The results of this
research have not been published: in 1970 the same material was again
submitted to analysis, using hydrofluoric acid for maceration. Neverthe-
less, the result of the repeated analysis was the same, no sporomorphs
were found in the clay layer (Fig. 3). An unfavourable feature of the
material under examination was the large intervals between the samples
up to half a meter in length.

The quantitative and qualitative sporomorph composition is presented
in Table II. The basis sum in the calculation of the per cent values was the
sum of the pollen of trees, shrubs and herbaceous plants, excluding aquatic
plants. Numerous, well-preserved sporomorphs represent the Tertiary tree
and shrub genera, together resulting in a picture of a rich, multi-species
and termophilic forest vegetation.

Among the coniferous trees it is the genera of the Taxodiaceae-Cupre-
ssaceae group which prevail. In the pollen diagram they have been



a)dwes jo.'oON

sjueyd af1enby

Rihydopis;y
{d¥N]

sjue)d snoasequay

3

s1i8d
snyy
sesovywnbay
xajj
wnuIngiA
snuio)
uoipuspopoyy
s119qieg
-#21821u07
sueibnp
snif109
xes

®11
snpnssay
2ijoubey
vh1eakyeid
elien
snuixesd
Jaoy
shudieg
2wwosny
esshy
sisdojfi09

s1sdofsysp ~eAniso

®lpseyjabuz
Jequepinbsy
wauelsR)
RA0Y)92 - shwip
0byui9
W01pUBPOLIITY
®fie2043}1g
$n2480Y

snbeq

shuly

.e1njeg

dearessesdny -
—-#va00)poxey
snxe
snsadunp
sAydopeog
#bnsy

saiqy

2321d

3 ouo}hx-

-ojdey snuiy

‘} S1AIS8ANS Snuly

sjdures jo op

s
+
0

1o

+o

+o

4o

+ |+ [+ |+ =

+ +
+
+ +
—
+
+
+
+_+
+
£ +
—
+ +

0

15

20 30 40

°

ol

Fig. 3. Huba. Pollen diagram.
1 — sandy loam, 2 — peaty mud, 3 — clay.

Ryc. 3. Huba. Diagram pytkowy.

1— glina piaszczysta, 2 — mulek torfiasty, 3 — il.



13

presented on a common curve, including Taxodium (most numerous of
all), Cryptomerya, Sequoia, and Glyptostrobus. Of the deciduous trees, the
Castanea genus is fairly well represented (up to 10 per cent). It is
interesting to note that in the case of Magnolia and Liriodendron, pollen
occurs much less frequently than their macrofossils. Szafer (1954),
having found them in abundance at Huba, suggested that under favourable
conditions these trees might even have persisted up to Late Pliocene. The
seed and fruit of both genus were repeatedly found in the Lower and Upper
European Pliocene (Kirchheimer 1949, Berger 1952, Madler
1939). They were probably more widely distributed in the FEuropean
Neogene than previously thought, ever increasing number of their fossil
localities testifying to this. Recently, Magnolia macrofossils were found by
Palamarev (1970) in the Miocene deposits of brown coal in West
Bulgaria. It seems, too, that these trees had a fairly large resistance scale:
witness the occurrence of Magnolia pollen in the Early Pleistocene of Hol-
land (Zagwijn 1959). The pollen of the following other Tertiary genera
are preserved at Huba: Aesculus, Carya, Celtis, Corylopsis, Engelhardtia,
Eucommia, Nyssa, Ostrya, Platycaria, Pterocarya, Rhus, and Zelkova. Of
the herbaceous plants the most frequent were the Cyperaceae, while of the
aquatic plants the presence of Brasenia, Euryale, Nuphar, and Trapa genera
should be mentioned.

The diagram from Kroscienko on the Dunajec

Of the Neogene sediments material has been collected from the Po-
toczki brick-yard situated near Kroscienko, to serve for palynological ana-
lysis. From the 12-m thick profile 80 samples of a clayey sediment were
taken. The sediment was uniform throughout the profile with a tiny
sand admixture only. It had accumulated under conditions typical
of an undisturbed reservoir, as evidenced by the abundance of aquatic
plant pollen, particularly by a high percentage of the Nuphar genus in
the profile base and the good condition in which all the sporomorphs have
been preserved. The tranquil character of the Kroscienko sedimentation had
been previously pointed out by Klimaszewski (1946, 1951) and Bir-
kenmajer (1951, 1954) and the present palynological findings re-
confirm it. The absolute sporomorphs values from the 37 samples so far
analysed are presented in Table III, while the Kroscienko pollen diagram
is given in Fig. 4. Further samples are now under examination.

The Kroscienko pollen flora has proved to be largely accordant with the
macrofossil flora investigated by Szafer (1946, 1947). The first among
the coniferous trees was the Picea, which together with an admixture of
Abies, Pinus, Sciadopitys, and Tsuga composed coniferous-forest communi-



a)dwes 1o ON

w 3 Py e

R 2 ® 8
O R S A I I A W A A

siue)d ajjenby

eihydopriald

{dVN)

vJ@3ju07
el1baayro4
v snuson
Qearejesy
snuweyy

snifien

wapdydiprasen
e

LEIR2IR

xijes
Jequepinbyy
esshp

snupy

ehies0s01d

uospuapopoyy
xaj/

obyuly

Jeoy
sysdojhi0n
aearejoubes
118y
enpiey1abuz
eAiey

e)njeg

el

snwin
snasen

snuidies

snfey

eadig

aeasessasdn) -
-9ev82v/pOXR]

snsadiunpy
sApidoperas
~efnsy

5a/qy

1 vojhxoldey snuid

}OSIHSOANS SNULS

ajdwes 4o oy

sjueid snodaeqLaff

%

0

o

[ S -t —t
o 1 23 © 2

-
S
.
&
5
K
3
S

—

T

o mmm

I}

© 2

3
- N
2 wE3n
- Qn s .n..mﬂa.
S @ 2o S8 n 883
13 S 9 W o sme Y NELS
o e § 29 O EES = -2l
5 33 EES 1z LEER
4 $ 2 2. 3 EES § RBEc
3 I T §85 § fRig
3 0 F Fs % S8y 5 nES
N § L o¢x S ded & S&av
SESEDRSS S . - S §
— & - - SN
.F’.L‘ -— e e e e
— U S S S N N
- - - o1
r :
G e AR 000 S Y
-
e v Ao
“
O — ———— e e~
- B -l ot
Ot . . o A . O]
_— A - S~ I
e -~ e e o]
2

5

e
ol
. 4+ — . o
S + * of
p— - -~ [ . 4 o4
— —— kA&t A o e IV N
A e ———
3 -~ - - o ol

i e

=

enko. Pollen diagram.

1 — clay, 2 — sand.
Ryc. 4. Kroscienko. Diagram pylkowy.

Sci

Fig. 4. Kro

1 — il, 2 — piasek.



15

ties. The deciduous and mixed forests growing both in the immediate and
more distant environment of the reservoir were composed — judging by
the tree pollen — of Acer, Alnus, Betula, Carpinus, Carya, Castanea, Celtis,
Corylopsis, Corylus, Fraxinus, Ostrya, Pterocarya, Salix, Tilia, and Ulmus.
The most frequently noted genus was the Pterocarya, as is also the case
with macrofossil flora.

On the basis of the composition of the fruit-and-seed flora, Szafer
(1. ¢.) traced its age to the Lower Pliocene. Although the Kroscienko pollen
flora is much variegated, still it is the temperate-zone trees that prevail
there, which seems to indicate that climate under which the vegetation
of that time lived, was colder than the climate suggested by the Huba
vegetation.-

Preliminary remarks on the profile at
Czarny Dunajec o

The deep (1000 m) profile of Neogene sediments from Czarny Dunajec,
obtained from a boring carried out in 1968—69 by the Institute of Geology,
is now being analysed. So far only a few dozen samples have been examin-
ed: here too, as at Domanski Wierch, a great many samples were pollenless
or with only a scanty amount of pollen. However, even a preliminary
analysis of samples with well-preserved pollen taken from different depth
levels, leads to the assumption that the Czarny Dunajec profile in all
probability comprises two Neogene horizons (Fig. 5, Tab. IV). The younger
horizon, which constitutes the profile segment from 30 to ca. 400 m down,
has pollen spectra roughly resembling those of the Lower Pliocene sedi-
ments at Kroscienko. As at Kroscienko, an important part is played by
spruce, the number of sporomorphs exceeding 50 per cent of the over-all
sum. Of other coniferous trees we noted Pinus of the silvestris and
haploxylon type, trees of the Taxodiaceae-Cupressaceae group, and, in
smaller amounts, Abies, Sciadopitys and Tsuga. From circa 600 m down
the proportion of Picea decreases rather rapidly (to less than 10%) and from
880 m down the pollen of these trees is not encountered at all. The decrease
in spruce is accompanied by a simultaneous increase in Pinus of the ha-
ploxylon type, and of trees of the Taxodiaceae-Cupressaceae group. Among
the deciduous trees there is a marked increase — as compared to the upper
segment — in the amount of pollen of the Engelhardtia genus (up to 15%).
Particularly noteworthy is the proportion of the alder. In the upper
segment there occurs only the pollen of the Alnus incana-glutinose type,
whereas in the horizons from 800 m down there is a sudden appearance
of large amounts of pollen (up to 46%) of the Alnus kefersteinii type
exclusively. We are not so far thoroughly acquainted with the palynological
picture of the horizons between 400 m and 800 m, nevertheless, the
characteristic occurrence of two different forms of alder, recalling its
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occurrence in the Miocene diagrams of Lower Silesia (Raniecka-Bo-
browska 1966, 1970), the quite marked change in the proportions of
two coniferous trees, as well as of some deciduous ones, e. g. the Engel-
hardtia, seems to confirm the assumption that within the Czarny Dunajec
profile two Neogene horizons, one younger and one older, are represented,
viz. the Miocene and the Pliocene. In the central part of the profile,
between 400 and 600 m approximately, some changes occur in the pollen
spectra: however, the present, incomplete investigation of the profile does
not permit tracing it in any great detail.

Preliminary findings can hardly be taken as a basis for final con-
clusions, however, the occurrence of certain relevant facts, such as the
presence of alder and spruce throughout the profile and of large amounts
of Engelhardtia, Pinus of haploxylon type and Taxodiaceae-Cupressaceae
type in its lower part, seems to suggest that once this deep profile is
elaborated in full, it will perhaps be possible to trace the complete vege-
tation succession in the two Neogene horizons, which would be of import-
ance in stratigraphy of the Carpathians sediments of this age.

A comparison of pollen diagrams from Huba,
Kroécienko and Czarny Dunajec

Though Szafer (1954) in his estimate of the age of the Huba
sediment on the basis of the macroscopic vegetation material located it, as
well as that of Kroscienko, in the Lower Pliocene (L. c. p. 98), he also
emphasized that ,,the flora and climate of Huba are not directly connected
with Kroécienko, but there was probably some tramsitory link between
them, so far unrecognized” (L. c. p. 112). In fact, the pollen diagram from
Huba differs rather markedly from that of Kroscienko. At Kroscienko it
is the Picea genus that prevails among the coniferous trees, while the
group Taxodiaceae-Cupressaceae is poorly represented (only once attain-
ing 10 per cent). At Huba trees of this group prevail, reaching up to
50 per cent of the over-all amount of pollen flora, whereas Picea does not
play a prominent role here at all.

As regards deciduous trees, at Huba they are represented by a great
many Tertiary genera, such as Castanea (over 10%), Corylopsis, Engel-
hardtia, Eucommia, Liquidambar, Nyssa, Ostrya, Platycarya, and Rhus;
while at Kroscienko the main bulk of flora is made of genera predominant
In the Quaternary forest communities of Europe, most of them now grow-
ing in this area. Of the Tertiary plants only those genera abound which
nearly always survived into the Late Tertiary and as has been repeatedly
proved, have been found as early as the oldest Pleistocene (Zagwijn
1960, 1963, 1967; Florschiitz, Someren 1950). Among them are
Pinus of the haploxylon type, Sciadopitys, Tsuga, and particularly Ptero-

2 — Acta Palaeobotanica
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carya, its pollen and even macrofossils had been found in the sediment of
the older Pleistocene (Srodon 1955, 1957, Stachurska 1955, 1967;
Sobolewska 1956; Brelie, Kilper, Teichmiiller 1959).
Moreover, the vegetation at Huba differs from that at Kroscienko in the
amount of herbaceous plants, which is not generally large in Miocene
floras, on the other hand the proportion of these plants markedly increases
from the Pliocene on. Now, while at Huba the herbaceous plants do not
exceed 10% of the over-all sum of pollen, at Kro$cienko they are constantly
higher in number, reaching 25 per cent. It would thus seem correct to
attribute a stratigraphic significance to the differences which have come
to light. The composition of the flora from Huba indicates the presence of
a forest with greater climatic requirements than those of the Kroscienko
forest. The rich proportion of Tertiary forms brings it closer to Miocene
flora than to Pliocene which is why it was assumed that the Huba flora
was older than the Lower-Pliocene flora of Kroscienko. Attention has
previously been drawn to the resemblances existing between the floras of
Kroécienko and those of the upper, in all probability Pliocene segment of
the Czarny Dunajec profile, as well as to the common traits in the pollen
spectra from Huba and for those from the lower segment of the Czarny
Dunajec profile.

THE AGE OF THE DOMANSKI WIERCH SEDIMENTS

Previous estimates

The age of the Domanski Wierch sediments continues to be an open
question. According to what Szafer (1950, 1952) suggested on the basis
of preliminary results of an investigation on fruit-and-seed flora, the
locality has preserved the links of the Middle or Upper Miocene, Mio-
Pliocene, and — in the top — of Pleistocene.

Birkenmajer (1954, 1958), on the basis of Szafer’s results and
his own geological observations, expressed the view that the Domanski
Wierch sediments were probably formed in the Upper Tortonian, however,
he did not exclude the possibility of its being younger, of the Sarmatian
in particular.

Urbaniak (1960), having made a detailed petrographic analysis, and
taken Birkenmajer’'s views as a basis, distinguished one part in the
profile, which she attributed to the Pleistocene, reaching down to the 14 m,
and another Neogene part, comprising the strata from 14 m to 228 m
in depth.

Lanncucka-Srodoniowa (1965) on the basis of preliminary in-
vestigations of the fruit-and-seed material derived from the Domanski
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Wierch profile, and their comparison with the lignite-clay flora from
several Oravian localities, is inclined to class the base layers of the profile
as belonging to the Tortonian, while the clay-and-gravel layers overlying
the lignite clays probably belong to Sarmatian. However, she admits the
possibility of distinguishing some younger stratigraphic horizons as a pos-
sible result of future research.

Zastawniak (1972) on the basis of an analysis of foliaceous flora,
attributed the age of the Domanski Wierch cone to the Pliocene,

The present author’s suggestion that the whole Domanski Wierch
profile should be traced to the youngest Pliocene or to the transition period
between the Pliocene and Pleistocene, is founded upon the results of
palynological investigations (O sza st 1970).

Simplified comparative diagrams as an aid
in the estimation of sediment age

As results from a number of palynological works, Tertiary floras of
different ages in Europe are distinguished not only by differences in their
generic composition, but also by the variety in the respective quantitative
_proportions of Tertiary plants which vary with time (Brelie 1959, 1961,
1967; Boulter, Chaloner 1970; Krutzsch 1957; Krutzsch,
Majewski 1967; Mai, Majewski, Unger 1963; Meo-Vilain
1968; Zagwijn 1960, 1967). These quantitative differences in the
diagrams of older and younger sediments have been taken into consider-
ation in our discussion on the age of the Domanski Wierch cone. Thus,
a comparison was drawn between several Tertiary floras by means of
diagrams composed of three curves, which illustrate the quantitative
proportions of three groups of plants viz. Tertiary, Quaternary and herba-
ceous ones. The first curve comprises the plant genera and families which
are found in the European Tertiary floras and which in the Central Europe-
an areas tend to disappear in the late Pliocene, exceptionally only extend-
ing into the older Pleistocene. Table V presents a list of these forms com-
pared to the Domanski Wierch cone. The second curve relates to the trees
end shrubs predominant in the European Quaternary forest communities,
such as Alnus, Betula, Carpinus, Corylus, Fraxinus, Picea, Pinus of diplo-
xylon type, Quercus, Salix, Sambucus, Sorbus, and Viburnum. This inter-
pretation is not to be accepted unconditionally, for among the above-listed
genera of trees and shrubs there must also have been some which had
species; living both in the Tertiary and in the Quaternary and — on the
other hand — some which grew only in the Tertiary. Though realising fully
the controversial nature of the assumed criteria (which is due to the diffi-
culties involved in the species notation of trees and shrubs according to the
structure of pollen grains) we have nevertheless adopted this form of
o*
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differentiation in order to obtain some uniform basis of comparison. The
third element of the comparative diagrams is the summary curve of herba-
ceous plants which, however, does not include aquatic plants.

A comparison of the Domanski Wierch diagram
and the Miocene diagrams from South Poland

Of the South Poland Miocene floras so far examined by the pollen
analysis method for the purposes of comparison with the Domanski
Wierch vegetation recourse has been made to pollen diagrams derived
from Piaseczno near Tarnobrzeg (Oszast 1967), Gliwice Stare in Upper
Silesia (Oszast 1960; Szafer 1961), as well as to the diagram derived
from Huba near Czorsztyn discussed in the present paper and to pollen
spectra from Czarny Dunajec.

Although the different geographic positions of the above-discussed
localities do not seem likely to yield close correlations, yet these floras
present a general picture of Miocene vegetation in the South Poland area,
comparable to the new flora. Each of them usually contains the same
Quaternary genera; on the other hand, the occurrence of Tertiary-plant
genera varies from one locality to another. At Piaseczno 67 taxons could
be related to families or genera encountered only in the Tertiary; there
are 50 such taxons at Gliwice Stare, whereas at Huba of the 47 taxons
noted 30 are forms encountered in Tertiary floras only. In the fragments
of the Czarny Dunajec profile, of the 49 genera designated so far, 35 are
Tertiary forms. Comparative diagrams (Figs. 6—9) illustrate the quanti-
tative proportion of the three above mentioned groups of plants. It becomes
apparent that regardless of the position of the locality and of the number
of genera included within the given flora, the Miocene pollen diagrams
have a common trait, namely a high number of Tertiary plants. It always
exceeds 50 per cent of the total sum of plants, sometimes even reaching
90 per cent. This is simultaneously coupled with low amounts of herba-
ceous plants cscillating at about 10 per cent only.

The Domanski Wierch diagram (Fig. 12) comprises a definitely di-
minished number of Tertiary genera, amounting to 20 taxons only. Some
of them, such as Aralia, Nyssa, Rhus, Symplocos, were found almost
exclusively as isolated pollen grains, occurring only once in the whole
profile. Moreover, the proportion of these forms is very variable; thus,
while in some horizons they reach maximal values of up to 35 per cent,
in others they are absent altogether. It sometimes occurs that the con-
secutive horizons deprived of Tertiary plant pollen form profile segments
of several metres in length. On the other hand, in the profile as a whole
it is the Quaternary genera which prevail, with a simultaneous, always
fairly high proportion of herbaceous plants (exceeding 40 per cent). Apart
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(objasnienia oznaczen jak na ryc. 6).

from this, the palynological diagram of Domanski Wierch does not present
a picture similar to any of the Miocene diagrams with which it was
compared, either as regards composition or the quantitative proportions of
the three plant groups compared. These manifest differences permit the
conclusion that the Domanski Wierch diagram doces not illustrate Miocene
vegetation. This view has found corroboration in the results of the in-
vestigation on foliaceous flora in which no forms characteristic of Miocene
forest communities have been found (Zastawniak 1972).

As results from a comparison of Miocene floras found in the South
Poland area, investigated by Pautsch (1957), Kita (1963), Lan-
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cucka-Srodoniowa (1966), and Oszast (1967), the vegetation of
that age was locally differentiated according to the respective topography.
Thence it may be assumed that the different picture of vegetation preserved
in the Domanski Wierch profile is one more proof of this differentiation
connected with the position of the locality within the mountain area. This
assumption, however, does not accord with the Huba diagram or with the
»,Miocene” pollen spectra at Czarny Dunajec. In both cases we observe the
proportions of Tertiary and Quaternary plants characteristic of Miocene
diagrams, this being particularly manifest in the Czarny Dunajec spectra.
The two parts of the profile are easily traceable, markedly differing from
each other in the quantitative proportions of the three groups of plants
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differentiated. In the lower part of the profile they are characteristic of
Miocene diagrams, and in the upper one they show a vegetation younger
than Miocene flora.

The bore-hole at Domanski Wierch did not penetrate through the whole
series of clay-and-gravel sediments; nor was it possible to identify the
strata underlying these formations (Urbaniak 1960). Taking into
account both this fact and the vegetation pictures obtained at Domanski
Wierch and at other contiguous localities it is not possible to exclude the
fact that the examined profile may have some unknown deeper-situated
older links.

A comparison of the Domanski Wierch diagram
and the Pliocene diagram from Kroécienko
on the Dunajec

The comparative diagram from Kroécienko (Fig. 10) differs from the
Miocene diagrams in a lower proportion of Tertiary genera, while in
relation to the Domanski Wierch diagram, it reveals both differences and
similarities. Of the 21 profile segments at Domanski Wierch, in 12 (thick 2
to 10 m) it is seen — as was the case at KroScienko — that there is
a prevalence of coniferous trees over deciduous ones, a marked proportion
of Picea, a predominance of Quaternary genera, both deciduous and coni-
ferous, and an increased amount of herbaceous plants. It we were to judge
only by these segments of the profile, a considerable similarity might be
accepted. When, however, we consider the profile as a whole, including
the horizons deprived of Tertiary plants or showing only some remnants
of them, these similarities will be less marked. The differences are more
evident in the two comparative diagrams (Fig. 10, 12). At Kroscienko there
are 38 Tertiary taxons, while at Domanski Wierch there are only 20. The
over-all proportion of Tertiary genera at Kroscienko amounts at most 50%,
while at Domanski Wierch it does not exceed 35%. The herbaceous plants
at Kroscienko constitute at most 25 per cent of the over-all number, while
exceeding 40% at Domanski Wierch. These differences are large enough to
permit the conclusion that the Domanski Wierch cone is younger than the
Lower Pliocene. This suggestion is corroborated by the results of an in-
vestigation by Leschik (1951) concerning the Pliocene sediments at
Buchenau (South-East Hesse, ca. 335 m a. s. 1.). Leschik analysed
124 samples from 100-m profile in which five brown-coal layers alternated
with clays and sands. The resemblance between the pollen spectra from
Buchenau and Domanski Wierch is really striking. Each coal insert con-
tained a large amount of Picea pollen (up to 44%), while Alnus predominat-
ed over deciduous trees (up to 70%). Of the herbaceous plants, the spores
of Polypodiaceae and Osmundaceae have been preserved in great numbers.
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As to the tree genera, in some horizons we also find, as at Domanski
Wierch, large amounts of Pinus of the silvestris type, and throughout the
profile of Pinus of haploxylon type. Of the Tertiary trees mention should
be made of the Tsuga, Pterocarya, and some small number of other thermo-
philic trees. Here again there were no trees of the Taxodiaceae-Cupres-
saceae group. At Buchenau, as in the Domanski Wierch sediment, there
were horizons with a small amount of pollen, horizons with corroded pollen,
and marked variation in frequency.

The Buchenau sediment has been attributed by geologists to the Plio-
cene; Leschik, comparing its flora composition to that of the other
Pliocene floras, included it in the youngest period of Upper Pliocene.
Though these two localities are quite far away from each other and their
topography is not the same (the author attributes the occurrence of several
coal inserts with recurrent plant compositicn to the sinking of the Tertiary
trough induced by tectonic movement), the interesting analogies between
the two profiles are worthy of note.

The poblem of the boundary between
the Tertiary and the Quaternary
in the Domanski Wierch profile

As we now know, the conventional boundary between these two periodsv
does not coincide — as once held — with the complete disappearance of
Tertiary plants; on the other hand, changes in the pollen diagrams, at the
transition between the two periods, testify to a deterioration of the climate.
Thus, the pollen of Tertiary plants disappears in order of succession cor-
responding to their respective climatic requirements. The first to disappear
are the plants of markedly thermophilic character; next come the more
cold-resistant trees, while the longest to survive are the coniferous trees
such as Tsuga, Sciadopitys, and some Taxodiaceae still sometimes en-
countered in the Pleistocene. The disappearance of Tertiary genera is allied
with a simultaneous growth in the proportion of trees of the following
genera: Pinus of silvestris type, Picea, Abies, and Alnus.

In Poland, the problem of the border line between the Tertiary and the
Quaternary has so far been studied in one example of a profile of medium
depth (28 m) at Mizerna near Czorsztyn (Szafer1954; Szafer,Oszast
1964). The plant material from this locality, situated at about 500 m to the
north-east of the highroad between Maniowy and Czorsztyn, was studied
from the palynological point of view and on the basis of macrofossils which
occur here in great numbers. In the pollen diagram horizons, estimated by
Szafer as a Plio-Pleistocene transition zone, a quantitative and quali-
tative decrease in the thermophilic trees of the Tertiary group can be
traced (Fig. 11). They do not disappear completely, surviving in a fairly
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uniform way up to 10 per cent throughout the Quaternary portion of the
profile. In the top part of it there is a marked increase in the proportion
of herbaceous plants, reaching up to 60 per cent. Thus here one can trace
as it were, three different segments, a basal segment with an increased
amount of Tertiary plants, a middle one where their proportion is reduced,
and an upper one with a marked increase in the amount of herbaceous
plants.

In the Domanski Wierch profile one might have expected a palynologic-
al picture resembling that at Mizerna, since, as we know from earlier
publications (Romer 1929; Halicki 1930), this region contains moraine
material, now degraded and transformed, which should be referred to the
period of the first glaciation. Sz afer (1950) pointed out that the profile
top at Domanski Wierch should probably be attributed to the Pleistocene,
while according to Urbaniak (1960) in this profile, at 14 m occurs the
Neogene-Pleistocene transition zone, and the Neogene proper cornpr1ses
the strata from 14 to 228 m down.

In the pollen diagram at Domanski Wierch we do not observe, however,
any differentiation in the vegetation picture typical of the Plio-Pleistocene
transition zone and the composition of the pollen flora seems to indicate
that the profile as a whole comes from a single climatic period. In the
uniformly monotonous profile no differences are to be noted in the spectra
of horizons above or below the 14-m horizon. Common traits in the diagram
from Domanski Wierch and in that from the Pleistocene part of the Mizerna
profile are to be found in a markedly increased proportion of herbaceous
plants, in the constant admixture of Tertiary trees which being most cold-
-resistant were thus the latest to disappear from Pleistocene floras, as well
as in the altered character of the forests. This consisted in the impover-
ishement of their specific composition. These are similarities to which one
must not attribute any exaggerated significance, but which on the other
hand do not preclude the occurrence of a transition zone between the
Pliocene and the Pleistocene in the examined profile.

FINAL REMARKS

The above considerations are but one stage in the reconstruction of
Neogene vegetation and climate in the Tatra foreland. Further investiga-
tions are necessary to study the floras of different ages which are so richly
represented here and which will perhaps permit the tracing in greater
detail of the recession of Tertiary vegetation in the face of Pleistocene
glaciations.

The results of the present investigations can be briefly summarized as
follows: the pollen diagram from Domanski Wierch does not illustrate
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Miocene vegetation, though permitting the tracing of the sediments from
this locality to the youngest Pliocene.

The diagram does not show any traces of a border-line between two
different climatic periods. The whole sediment was deposited during one
climatic period.

The abundant proportion of the Picea within the Pliocene floras of West
Carpathians (Kroscienko, Domanski Wierch, the younger part of Czarny
Dunajec profile) is an indication of the predominance of this genus at that
time. Its scanty proportion in the floras older than the Pliocene (Huba, the
older part of Czarny Dunajec) leads to the assumption that the expansion
of the Picea did not start in this region until the youngest Neogene.
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STRESZCZENIE

PROFIL PLIOCENSKI DOMANSKIEGO WIERCHU KOLO CZARNEGO DUNAJCA
W SWIETLE BADAN PALINOLOGICZNYCH

Domanski Wierch jest wzniesieniem polozonym w Kotlinie Nowotarsko-
Orawskiej, na poludnie od Czarnego Dunajca (ryc. 1). Kotline wyscielajg
migzsze osady neogenskie i czwartorzedowe. Czeste odsloniecia neogenu
wyksztalcone sg w postaci il6w lignitowych z dobrze zachowanymi szczat-
kami roslin.

Stromy brzeg poludniowo-wschodni wzniesienia Domanskiego Wierchu
rozcina gleboki wawoéz Jaszczurow, gdzie w roku 1947 prof. dr J. Golab
odkryl warstwe il6w z licznymi odciskami liSci (por. Zastawniak 1972).

Rezultaty wstepnych badan paleobotanicznych z Domanskiego Wierchu
i ze stanowisk lezacych w jego najblizszym sasiedztwie wzbudzily duze za-
interesowanie (Sza fer 1950). W latach 1956/57 Instytut Geologiczny wy-
konal w najwyzszym punkcie wzniesienia (753 m n.p.m.) wiercenie ba-
dawecze, ktére z przyczyn technicznych zostalo niestety przerwane na gle-
bokosci 228 m, nie osiagajac podloza neogenu. Z uzyskanego rdzenia po-
brano 306 prob do badan palinologicznych.

UWAGI O PROFILU GEOLOGICZNYM,
STAN ZACHOWANIA MATERIALU ROSLINNEGO I METODA BADAN

Wedlug Birkenmajera (1954, 1958), Domanski Wierch przedsta-
wia ,,wielki stozek naplywowy utworzony zapewne w tortonie przez system
potokéw spltywajacych z wzniesien fliszu podhalanskiego i pasa skatkowe-
go, a takze z dzwigajgcego sie masywu tatrzanskiego przykrytego fli-
szem”. Ku pélnocnemu zachodowi stozek przechodzi w ily lignitowe od-
slaniajgce sie w tozysku Czarnego Dunajca. W profilu geclogicznym Do-
manskiego Wierchu Birkenma jer (1958) wyroznil 12 serii zmieniaja-
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cych sie na przemian zwiréw i konglomeratéw oraz itow piaszczystych.
Urbaniak (1960), autorka szczegdélowego opracowania profilu pochodzg-
cego z wiercenia, wyroznila w nim dwie czeSci rozniace sie litologicznie
i petrograficznie. W gérnej czesci (do 14 m) wystepuja ity i gliny z kwar-
cytami tatrzanskimi, a w dolnej (14—228 m) zalegajg na przemian warstwy
ilasto-piaszczyste i ilasto-zwirowe. Urbaniak (L. c) przypuszcza, ze
osady te akumulowaly sie w glebokim obnizeniu terenu prawdopodobnie
tektonicznego pochodzenia. Badania granulometryczne pokryw zwirowych
Domanskiego Wierchu przeprowadzila Plew a (1969); opierajgc sie na
wynikach badan wlasnych i Birkenmajera, stwierdzila, ze stozek
Domanskiego Wierchu zostal utworzony z materiatu fliszowego, zniesione-
go przez wody z kierunkéow SW, SSE i ESE. Obecno$¢ zwiréw powyzej
poziomoéw ilastych $wiadezy o okresowo gwaltownej akumulacji.

Préby do badan palinologicznych pobierano co 20 em, z wyjatkiem
migzszych warstw zwirowych. Osad byl macerowany kwasem fluorowo-
dorowym w polaczeniu z metodg acetolizy (Erdtmamn 1943), dodatkowo
stosowano takze metode flotacyjng Knoxa (1942). Préby zawierajgce
duzo CaCOj; rozpuszczano uprzednioc w mieszaninie kwasu fluorowodoro-
wego 1 solnego (1 :3), a nadmiar drobno roztartego detrytusu roslinnego
spalano w wodzie utlenionej.

Uderzajacg cechg badanego materialu ros§linnego byl zly stan zachowa-
nia wigkszosci sporomorf, ich rézny stopien skorodowania i zmieniajgca sie
gwaltownie frekwencja. Wigze sie to niewatpliwie z procesem sedymen-
tacji, raz bardzo gwaltownej, o czym $wiadczg poziomy zwirowe, to znéw
spokojniejszej, czego dowcdzg poziomy ilaste. Rozny stopien korczji spo-
romorf w tej samej probie nasuwa przypuszczenie, ze osad byl wymiesza-
ny i zawierat sporomorfy réznego wieku. Sugestie te potwierdza niekonse-
kwentny sklad niektérych spektréow, w ktorych pojawiajg sie nieoczeki-
wanie pojedyncze sporomorfy rodzajéw egzotycznych np. Symplocos, gdy
cale spektrum reprezentuje rodlinno§é odmienng w swym wyrazie klima-
tycznym.

Oprécz pylku roélinnego znajdowano w osadzie Hystrichosphaeridae.
Ich obecnoséé¢ i sposdb wystepowania (ryc. 2) rzuca $wiatlo na zrédlo przy-
najmniej czeSci materiatu obcego, w danym przypadku pochodzacego z roz-
mycia skal fliszowych.

CHARAKTERYSTYKA ROSLINNOSCI

Diagram pylkowy z Domanskiego Wierchu (ryc. 2) wykazuje, ze domi-
nujacg role w szacie roslinnej badanego terenu odgrywaly zbiorowiska
lesne. W wyzszych pietrach gorskich byly to gtéwnie lasy szpilkowe, w kto-
rych panowala Pinus i Picea z domieszks Abies, Tsuga i Sciadopitys. Wy-
sokie udzialy dobrze zachowanego pytku $wierka wskazuja, ze drzewo to
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bylo stalym i waznym skladnikiem zbiorowisk lesnych tego terenu. Zwrécit
juz na to uwage Sz a f e r (1946) opisujac roslinnosé plioceniska ze wschod-
niej czesci Kotliny. Takze Néme jc (1943, 1967, 1968) i Planderova
(1970) podkreslaja zwigkszony udzial tego drzewa we florach mlodszego
neogenu Czechoslowacji.

Odmiennym zbiorowiskiem roslinnym byly lasy liSciaste zajmujace
zbocza wzniesien. W ich sklad wchodzily rodzaje Acer, Aesculus, Carpinus,
Castanea, Cornus, Corylus, Fagus, Juglans, Quercus, Tilia, Ulmus a z krze-
wow Rubus, Sambucus, Sorbus, Viburnum.

Wyraznie zaznaczajg sie w diagramie zbiorowiska olszynowe, ktore zaj-
mowaly siedliska na podmoklym dnie Kotliny i nad rzekami. Panowala
w nich Alnus, przekraczajac niekiedy 70% ogdélnej sumy sporomorf, z udzia-
lem Fraxinus, Populus, Pterocarya, Liquidambar i Salix oraz paproci typu
Polypodiaceae, rzadziej Osmundaceae. Poziomy obfitszego wystepowania
olszy powtarzajg sie w profilu parokrotnie, zawsze w warstwach ilu na-
krytych Zzwirami. Po kazdej przerwie wywolanej wzmozonym dzialaniem
erozji wodnej nastepowala regeneracja zbiorowiska olszynowego bez istot-
niejszych zmian w skladzie gatunkowym. Kolejne odradzanie sie olszyn
odbywalo sie w tym samym okresie klimatycznym, ktéry charakteryzowat
sie wzmozonymi opadami z okresowymi nawalnicami burzowymi.

Oproécz zbiorowisk lesnych zachowaly sie w diagramie $lady zaro$li
i naslonecznionych muraw. Dowodzi tego obecnosé rosdlin zielnych i krze-
wow, jak Artemisia, Centaurea typ jacea, Chenopodiaceae, Compositae,
Ephedra, liczne Gramineae, Helianthemum, Hippophaé, Rumex typ acetosa,
Scabiosa i in. Brak we florze pylkowej dowodoéw obecno$ci bardziej roz-
leglego zbiornika wodnego, na co zwrdcila juz uwage Laticucka-Sro-
doniowa (1965) na podstawie wstepnych badan nad makroskopowymi
szczatkami roslinnymi. Brak takze $ladéw drzew i krzewow zimozielonych
oraz gatunkow wyraznie cieplolubnych. Nieliczne sporomorfy roslin egzo-
tycznych sg tu prawdopodobnie na wtérnym zlozu, a gtéwny trzon roélin-
nosci budujg rodzaje strefy umiarkowanej.

INNE NEOGENSKIE DIAGRAMY PYLKOWE
Z KOTLINY NOWOTARSKO-ORAWSKIEJ

W celu uzyskania szerszego tla dla interpretacji wieku roslinnosci Do-
manskiego Wierchu opracowano dodatkowo profile neogenskich osadéw ze
stanowiska w Hubie poltozonego we wschodniej czesci Kotliny, z Kroscien-
ka oraz Czarnego Dunajca, sgsiadujgcego z Domanskim Wierchem. Flory
z Huby i Kroscienka opracowal Szafer (1946, 1947, 1954) na podstawie
szczatkow makroskopowych roslin, zaliczajagc Kros$cienko do dolnego plio-
cenu, natomiast flore z Huby uznal za najprawdopodobniej starszg od
kroscienskiej.
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Profil z Huby o migzszosci 8,6 m zbudowany jest gléwnie z jasnego ilu
z domieszkyg piasku. W stropie profilu obecna jest 2,5-metrowa warstwa
mutku torfiastego, nakryta polmetrowsg warstwg zo6ttej, silnie zapiaszczo-
nej gliny. Pylek roslinny zachowatl sie tylko w torfie. W spektrach pyt-
kowych dominujg rodzaje drzew z grupy Taxodiaceae-Cupressaceae
przedstawione na diagramie (ryc. 3) krzywg sumaryczng obejmujgcg ro-
dzaje Taxodium (najliczniejszy), Cryptomeria, Sequoia i Glyptostrobus.
Z drzew lisciastych do$é¢ bogato reprezentowana jest Castanea (do 10%),
a z innych rodzajow obecne sg Aesculus, Carya, Celtis, Corylopsis, En-
gelhardtia, Eucommia, Liriodendron, Liquidambar, Magnolia, Nyssa,
Ostrya, Pterocarya, Rhus, i Zelkova. Z roSlin zielnych najobfitsze sg Cy-
peraceae, a wsrdd roslin wodnych stwierdzono obecno$é¢ rodzajéw Brase-
nia, Euryale, Nuphar i Trapa.

Profil z Kroécienka o migzszosci 12 m obejmuje 80 préb, z ktérych do-
tychczas opracowano tylko 37. Akumulacja osadu odbywala sie tu w wa-
runkach spokojnych, w zbiorniku wodnym, o czym $wiadczy obfitosé
pytku roslin wodnych, a zwlaszeza wysoki w spagu profilu udzial rodzaju
Nuphar. Wéréd drzew lasu szpilkowego pierwsze miejsce zajmowal Swierk
z domieszky Abies, Pinus, Tsuga i Sciadopitys. Lasy liSciaste 1 mieszane
blizszego i dalszego otoczenia zbiornika oraz zbiorowiska lesne dolin byly
do$¢é urozmaicone, dowodzi tego obecnos$¢ pytku Acer, Alnus, Betula, Car-
pinus, Carya, Castanea, Celtis, Corylopsis, Fagus, Fraxinus, Pterocarya,
Quercus, Salix, Tilia i Ulmus (ryc. 4, tab. III).

Z najblizszego sasiedztwa Domanskiego Wierchu pochodzi uzyskany
z wiercenia profil z Czarnego Dunajca, obejmujacy okolo 1000 m osadu
neogenskiego. Wykonano dotychczas analize kilkudziesieciu prob, ktorych
spektra pylkowe wykazujg istotne roéznice w zaleznosci od tego, czy po-
chodzg z dolnej czy z gornej czesci profilu (ryc. 5, tab. IV). Odcinek gérny,
od 30 do mniej wiecej 400 m, charakteryzuje sie, podobnie jak w Kroscien-
ku, duzymi wartosciami pylku $wierka (do 56%). Od 600 m udzial tego
drzewa szybko maleje, a na glebokosci 880 m zanika catkowicie. Réwno-
czesnie zwiegksza sie rola Pinus typ haploxylon i drzew z grupy Taxodia-
ceae-Cupressaceae oraz udzial rodzaju Engelhardtia (do 15%). Szczegdlnie
interesujgce jest wystepowanie olszy, ktéra powyzej 600 m reprezento-
wana jest przez pytek Alnus typ incana-glutinosa; natomiast w glebszej
cze$ei profilu ten typ pytku zanika calkowicie, a jego miejsce zajmuje py-
lek typu Alnus kefersteinii. Nasuwa to przypuszczenie, ze w glebokim
profilu z Czarnego Dunajca zachowaly sie oba pietra neogenu, tj. miocen
i piocen. Mozna przeto spodziewa¢ sie, ze pelne opracowanie tego profilu
pozwoli na wykazanie roznic w skladzie roslinnosci miocenu i pliccenu
w tej cze$ci Karpat.
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DYSKUSJA NAD WIEKIEM OSADU

Wiek osadéw Domanskiego Wierchu byl dotychczas réznie oceniany.
Wedlug przypuszezen Szafera (1950, 1952), opartych na wstepnych wy-
nikach badan flory owocowo-nasiennej, zachowaé sie tu mogly ogniwa
miocenu $rodkowego lub gérnego, mio-pliocenu, a w stropie plejstocenu.

Birkenmajer (1954, 1958), opierajgc sie na wynikach badan S z a-
fera i wlasnych obserwacjach geologicznych, wypowiedzial poglad, ze
osady Domanskiego Wierchu zostaly zlozone prawdopodobnie w gérnym
tortonie. Nie wykluczy! on jednakze wieku mlodszego, zwlaszcza sarmatu.

Lancucka-Srodoniowa (1965), na pcdstawie wstepnych ozna-
czen czesci materialu nasion i owocéw pochodzgcych z Domanskiego Wier-
chu i itéw lignitowych z Orawy, sklonna byla przypisa¢ wiek tortonski
warstwom spggowym profilu, a przypuszczalnie sarmacki utworom ilasto-
-zwirowym lezacym nad ilami. Dopuszcza ona jednak, w miare dalszych
badan, mozliwoé¢ wyrdznienia takze i mlodszych pieter stratygraficznych.

Urbaniak (1960) wyréznila w profilu czesé plejstocensks lub przej-
sciowa miedzy neogenem a plejstocenem, siegajaca do glebokosci 14 m,
oraz cze$¢ neogenska, obejmujgca warstwy od 14 m do 228 m.

Zastawniak (1972) na podstawie analizy flory lisciowej ocenila
wiek stozka domanskiego jako pliocenski.

Autorka obecnego opracowania wyrazila na podstawie badan palinolo-
gicznych poglad, Ze osad stozka Domanskiego Wierchu nalezy wiazaé¢ wie-
kowo z najmlodszym pliocenem lub ze strefa przej$ciows plio-plejstocen-
skg (Oszast 1970).

W rozwazaniach nad wiekiem badanego osadu uzyto do pomoey kilku
neogenskich diagraméw pylkowych z obszaru Polski poludniowej i poréw-
nano je z diagramem z Domanskiego Wierchu pod wzgledem iloéciowego
udzialu roslin trzeciorzedowych, czwartorzedowych i zielnych. W tym celu
skonstruowano uproszczone diagramy poréwnawcze zlozone z trzech krzy-
wych (ryc. 6—12). Pierwsza z nich obejmuje rodzaje drzew i krzewéw zna-
nych z europejskich flor trzeciorzedowych, ktére na obszarze Europy Srod-
kowej zanikaly przy koncu pliocenu, siegajac wyjatkowo do starszego
plejstocenu. Tabela V obejmuje liste tych rodzin i rodzajow, ktére w po-
rownywanych diagramach tworza sumaryczng krzywa roélin trzeciorzedo-
wych. Druga krzywa obejmuje sume rodzajéow drzew i krzewow odgrywa-
jacych istotng role w plejstocenskich i wspélezesnych zbiorowiskach les-
nych Europy. Zaliczono do nich rodzaje Abies, Acer, Alnus typ incana-glu-
tinosa, Betula, Carpinus, Corylus, Fraxinus, Picea, Pinus typ silvestris,
Quercus, Salix i Tilia. Jest to lista okreslajaca wymienione rodzaje w spo-
sob umowny jako ,,czwartorzedowe”, gdyz wiadomo, ze wiele z nich zyto
takze w trzeciorzedzie, a niektére gatunki z tych rodzajéw mogly byé na-
wet ograniczone do trzeciorzedu. Mimo dyskusyjnego charakteru takiego
ujecia, wynikajacego z trudnosci gatunkowego oznaczania drzew i krzewow
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na podstawie budowy ziarna pylku, przyjeto ten umowny podzial, aby
uzyskaé jednolitg podstawe do poréwnan diagramoéow z roznych pieter neo-
genu. Trzecia krzywa ilustruje sume roslin zielnych, z wylaczeniem roslin
wodnych.

Pierwsza grupa diagraméw poroéwnawczych obejmuje profile gorno-
miocenskie ze stanowisk: Piaseczno kolo Tarnobrzega (Oszast 1967),
Gliwice Stare na Gornym Slgsku (Oszast 1960; Szafer 1961), Huba
kolo Czorsztyna i1 Czarny Dunajec (ryc. 6—9). Flory te, rozrzucone na
obszarze Polski poludniowej (ryc. 1), posiadaja pewne wspodlne cechy cha-
rakterystyczne dla roslinnosci gérnomiocenskiej, co pozwala na poréwna-
nie ich z florg nowo opracowana. Majg one te same rodzaje ,,czwartorze-
dowe’”’, natomiast rézna jest w nich liczba taksonéw roslin trzeciorzedo-
wych: w Plasecznie 67, w Gliwicach Starych 50, w Hubie 30, a w Czar-
nym Dunajcu z 47 oznaczonych dotychczas typéw sporomorf 36 mozna bylo
powigzaé z roSlinami znanymi tylko z flor trzeciorzedowych. Wspdlng
cechg wszystkich poréwnywanych diagraméw jest niezalezny od polozenia
geograficznego stanowiska i liczby taksonow trzeciorzedowych, bogaty
iloSciowo udzial sporomorf roslin trzeciorzedowych, zawsze przekraczajacy
50% ogolnej sumy (dochedzi do 90%). Udzial roslin zielnych jest w nich
zawsze niewielki, na ogo6l nie przekracza 10% ogdlnej sumy sporomorf.

We florze pylkowej z Domanskiego Wierchu liczba taksonow roélin
trzeciorzedowych, obejmujgca takze formy znalezione jednorazowo, wyno-
si 20. Ich udzial w spektrach poszczegélnych poziomdéw jest bardzo nierdéw-
nomierny, wyjatkowo dochodzi do 35%, a w szeregu préb, obejmujacych
niekiedy kilkumetrowe odcinki profilu, brak ich zupelnie. W calym profilu
dominujg rodzaje ,,czwartorzedowe”, z wyraznie wiekszym udzialem roslin
zielnych (ryc. 12). Te do$¢ zasadnicze rdznice pozwalajg na wyrazenie
opinii, ze diagram pylkowy z Domanskiego Wierchu nie ilustruje roslin-
nosci miocenskiej. Potwierdzaja to wyniki badan nad florg liSciows, ktora
jest pozbawiona form przewodnich dla miocenskich zbiorowisk lesnych
(Zastawniak 1972).

Inne flory miocenskie z obszaru Polski poludniowej, opracowane przez
Pautsch (1957), Kite (1963), i Lancuckag-Srodoniowa (1966),
porownane z florami z Piaseczna i Gliwic Starych dowodza, ze ro$linnosé
Polski potudniowej byla w miocenie zréznicowana lokalnie, przede wszyst-
kim w zaleznosci od topografii terenu (Oszast 1967). Mozna by wiec sa-
dzi¢, ze odmienny obraz palinologiczny roslinno$§ci zachowanej w osadzie
z Domanskiego Wierchu jest jeszcze jednym dowodem takiego zréznicowa-
nia, wynikajgcego z polozenia stanowiska w rejonie gérskim. Takiemu
przypuszczeniu przeczy profil z Huby i czesé miocenska profilu z Czarnego
Dunajca; diagramy pylkowe z tych stanowisk, polozonych w najblizszym
sasiedztwie Domanskiego Wierchu, zachowaly obraz roslinnosci charakte-
rystyczny dla miocenu.

Dolnopliocenska roslinno$¢ z Kro$cienka, poréwnana z ro$linnoscig
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z Domanskiego Wierchu, wykazuje zaréwno podobienstwa, jak i réznice.
Wspélnag dla obu diagraméw jest przewaga drzew szpilkowych nad liscia-
stymi oraz panowanie $wierka. Jednakze w Kroscienku liczba taksonéw
trzeciorzedowych wynosi 38 i osiaga 50% udzialu w calosci flory, a rosliny
zielne nie przekraczajg wartosci 25%. W diagramie z Domanskiego Wierchu
udzial ro$lin trzeciorzedowych jest znacznie nizszy a roS$liny zielne prze-
kraczajg wartos¢ 40%. Dlatego sluszne wydaje sie stwierdzenie, ze stozek
Domanskiego Wierchu jest mtodszy od dolnego pliocenu.

W rozwazaniach nad wiekiem osadu Domanskiego Wierchu byl brany
pod uwage okres przejSciowy miedzy pliocenem a plejstocenem dla stro-
powej czesci profilu (Szafer 1950; Birkenmajer 1954, 1958; Ur b a-
niak 1960; Ple wa 1969). W spektrach pylkowych okres ten powinien sie
wyrazi¢ zmienionym skladem ros$linnym, ilustrujagcym stopniowe zanikanie
form trzeciorzedowych jako sygnal pogarszania sie klimatu. W Polsce za-
gadnienie pogranicza trzeciorzedu i czwartorzedu bylo dotychczas rozwa-
zane na jednym tylko przykladzie stanowiska w Mizernej kolo Czorsztyna
(Szafer 1954; Szafer i Oszast 1964). W poziomach diagramu pyl-
kowego zaliczonych przez Szafera do strefy przejSciowej plio-plejsto-
censkiej istotnie obserwuje sie ubozenie jakoSciowe i iloSciowe drzew grupy
trzeciorzedowej (ryc. 11). Nie zanikajg one jednak calkowicie, w czwarto-
rzedowe]j czesci profilu utrzymujg sie stale, w niskich procentach, najbar-
dziej wytrzymale drzewa trzeciorzedowe, jak np. Pterocarya, Tsuga, Scia-
dopitys. W calym diagramie mozna zatem wyréznié trzy odcinki: spagowy
ze znaczniejszym udzialem roslin trzeciorzedowych, $rodkowy ze zmniej-
szonym ich udzialem 1 goérny, wyraznie wzbogacony w rosliny zielne.
W profilu Domanskiego Wierchu nie obserwujemy istotnych roznic w spek-
trach prob pochodzacych z czescei profilu powyzej i ponizej 14 m, a jedno-
lity i monotonny sklad flory pylkowej przemawia za tym, ze caly profil
pochodzi z jednego okresu klimatycznego.

Instytut Botaniki Polskiej Akademii Nauk w Krakowie
Zaklad Paleobotaniki
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Table ¢
Tabela

Absolute numbers of sporomorphs. P.2. Herbacecus plants, Pteridophyta (NAP) end Hystrichosphaeridae. Numerals

before brackets indicate the absolute number ¢f sporomorphs and of Hystrichosphaeridae. No. of sample is given
in the brackets

Bezwzgledne ilosci sporomorf. Cz. 2. Roéliny zielne i paprotniki (NAP) oraz Hystrichosphaeridae. Liczba przed
nawiasen odpowiada ilodci sporomorf i okazédw Hystrichosphaeridae w prébile. Numer préby podany jest w nawiasie
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Rosaceae

Rumex acetosa t.

Sanguisorba
Scabiosa
Sparganium

Umbelliferae
Valeriana
Botrychium

Cyatheaceae
BEquisetum
Gleicheniaceae
Lycopodium sp.
Lycopodium selago
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1(226), 1(231), 1(232), 1(269), 1(270), 1(274), 1(284)
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1(10), 1(107)

1(15), 1(17), 6(70), 1(145), 1(227), 1(228), 1(283), 1(291), 1(292), 2(297), 4(298), 5(299), 1(304), 4(305)
1(1), 7010), 1(12), 1(20), 2(24), 2(40), 22(97), 1(98), 2(175), 1(226), 1(246), 1(264), 2(265), 1(272), 1(288)
1{269)

6(1), 1(7), 29(10), 1(12), 2(20), 1(32), 4(95), 1(205), 2(227), 1(228), 1(266), 1(267), 1(269),

1(250), 1(265), 1(269), 1(274), 1(281),

10(1), 2(4), 2(5), 2(6), #(7), 11(10), 6(41), 3(12), 1(13), 1(14), 5(15), 3(17), 1(18), 21(20), 9(21), 1(=22),
(235, 22{2n), 3(25), 1(50), 2(33), 3(59), 4(63), afea) " 8(ee), (A(&7), Is(70), 3(71), 5(72), G(73), A(7A),
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Czarny Dunajec. Absolute numbers of sporomorphs
Czarny Dunajec. Bezwzgledne iloéci sporomorf
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Liquidembar . . . . . . . + + + + + + +
Magnolia e e e e e e e + - - - + + -
Morus e d e e e e e e + - - - + -~ -
Myrica e b e e e e e e - + - + + - -
Myrtaceae . . e e e e + - - - - - -
Nerium oleander P + - - - - - -
Nyasa . .. o .o + + + + + + +
Oleaceae o v e + - - - - + -
Ostrya “ e e e e e + + + + + - -
Parrotia . PR + - - - + - -
Phellodendron .. + - - - + + -
Phyllocladus P - + - - - - -
Pinus haploxylon t. . + + + + + + +
Pistacia .. e + + - + - - -
Platenus e e e e e e e + - - - - - -
Platycarya C e e e e e + + + + + - +
Podocarpus e e e e e e - + - - - - -
Pseudotsuga e e e e - + - - -~ - -
Ptezrocarya “ . + + + + + + +
Punica .. e e e e + + - - - - -
Rhamnaceae ct Ceanothus + + - - + + -
Rhus .. [P + + + - - + +
Rutaceae gen le .. + + - - - - -
Sciadopitys . . .. + + + + + + +
Sequoia . . . . . . . + + + + + - -
Staphyllea PR + - - - + + -
Stewartia . . . . . . . + - -~ - + + -
Styrax . . + + - - - - -
Symplocos - - - + - - +
Tamarix . + - - - - - -
Taxodiaceae~ Cupressg:;aediv N . + N N . +
Taxod ium .. . + + + + + + +
Tsuga cf. dlversifolia . + + + + + + +
Tsuga cg. canadensis .. + + + + + + -
Tsuga cf. pattoniana . . . - + - - - - -
Tsuga cf, Isieboldii - + - - - - -
Ulmus-Zelkova . . . . . . + + + + + - ~
Cyatheaceae . . . . . + + - + - - -
Gleicheniaceae e + + - + - - -
Lygodium e e e e + + - + - - -
Mohria . + + - + - - -
Osmunda cf. clayt:onland + + - + + + -~
Schizeaceae . .. - + - + - - -
J. Oszast
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