ACTA PALAEOBOTANICA
Vol. XI, Nr 1, 1970

KAZIMIERA MAMAKOWA
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TERRITORY OF KRAKOW (POLAND)

Péznoglacjalna i wezesnoholocenska flora z terenu Krakowa

INTRODUCTION

Pollen diagrams presented in this report come from the town of
Cracow which lies on the border of three physiographic units: the Cracow
Upland, the Sandomierz Basin, and the Sub-Carpathian Foothills. Two
of these units penetrate into the boundaries of the town — the Cracow
Upland from the north-west and the Sandomierz Basin from the east.
The Sub-Carpathian Foothills border it from the south (Fig. 1).

The Cracow Upland is represented in the town area by horsts built
chiefly of Upper Jurassic limestones and partly of Cretaceous rocks. These
horsts are separated by narrow grabens formed during the Miocene
orogenic movements. The Sub-Carpathian foredeep was also formed
during this period. The bottoms of all these tectonic grabens are covered
with sediments of the Miocene sea. The investigated terrain lies in the
area of the Cracovian Glaciation (Mindel) and outside the maximum
range of the Middle-Polish Glaciation (Riss).

On this- diversified bed-rock quaternary processes formed a much
differentiated contemporaneous relief. The wide valley of the Vistula
was cut out in deposits of the Cracovian Glaciation and in Miocene clays
underlying them. During the maximum range of the Middle-Polish
Glaciation the appearance of this channel was that of an Old Valley.
Deposits from this period underlie both the higher and lower terraces
of the Vistula (Tyczynska 1968).

The investigated sites permitted the determination of the age of one
of the lower (3—6 m in height) terraces, i. e, Rendzina terrace. According
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to earlier interpretations, the age of this terrace was related to the
Middle-Polish Glaciation. Up till now no flora from this area has been
-elaborated by the pollen analysis method. Rich Dryas-macroflora,
occurring at the bottom of the Rendzina terrace on the right bank of the
Vistula, was elaborated by Zmuda (1914). Its age was related to the

/////,(//////4-};

Fig. 1. The situation of Cracow on the background of physibgraphic units (according
to Tyczyhska 1968), 1 — bottoms of basins, grabens and larger valleys, 2 —
high terraces and plateaux, 3 — uplands, 4 — boundary of the town, A — the site
in Piastowska street, B — the site at the Rondo
Ryec. 1. Polozenie Krakowa na tle jednostek fizjograficznych (wedlug Tyczynhskie]j
1968), 1 — dna kotlin, rowéw tektonicznych i wiekszych dolin, 2 — wysokie terasy
i plaskowzg6brza, 3 — wyzyny, 4 — granica miasta, A — stanowisko przy ulicy Pia-
stowskiej, B — stanowisko przy Rondzie

Middle-Polish or even Cracovian Glaciations. It was Srodon (1952)
who made a critical review of Pleistocene floras from the Sub-Carpathian
Region, and related it to the younger part of the Last Glaciation (Pome-
ranian Stadial) and to the Late Glacial period. For various reasons this
flora requires modern paleobotanical elaboration as well as a detailed
radiocarbon dating.



DESCRIPTION OF THE PROFILES

The two profiles presented in this report come from the left bank
of the Vistula. The site at the Rondo (Fig. 2) lies within a terrace of
this river, in a place where its valley begins to widen to the east. At the
sampling point the following sequence of layers was established:

0-00—1-30 m embankment

1:30—3-:00 m silty sand

3:00—3:60 m sandy clay

3:60—3-70 m sandy clay with a high content of plant detritus

370—4:15 m peat with traces of clay

4-15—4-50 m clayey silt with plant detritus.

The site in Piastowska street (Fig. 3) lies within a terrace of the Ru-
dawa river, a left-bank tributary of the Vistula. Both the valley of the
Vistula and that of the Rudawa, are already relatively narrow there,
and continue to narrow towards the west, as they there enter the narrow
grabens of the Cracow Upland. The material for research was taken from
a fen-peatbog, which is now built over.

The highly differentiated geomorphological situation in this not very
large area is to some extent reflected in the investigated profiles, although
the sites are only about 5 km apart. Since there are no profiles elaborated
by the pollen analysis method either from the Cracow area or from the
whole western part of the Sandomierz Basin, the comparison and synchro-
nization of some more general changes in the diagrams was based on the
pollen diagrams from the eastern part of this Basin (Mamakowa 1962)
and on those from the southern part of the Swigty Krzyz (Holy Cross)
Mountains (Szczepanek 1961).

In both diagrams, the distinction of the Younger Dryas period arouses
no doubt. In the pollen diagram from Piastowska street the bottom
samples with a small quantity of Salix and Betula nana and a slightly
larger proportion of Alnus pollen may belong to the Allered period,
although, in principle, there is no certain reason to mark out the Allerad/
Younger Dryas boundary. The data mentioned above enable us to state
that the organogenic sedimentation in the investigated area began only
towards the close of the Late Glacial. Srodon (1965) also accepted
a similar age for this terrace in the valleys of Carpathian rivers.

DESCRIPTION OF THE VEGETATION

On the basis of results obtained by pollen analysis it can be assumed
that in the Younger Dryas period the humid sands and organogenic
sediments which had already filled up the depressions, were overgrown
by a loose pine-forest with an admixture of larch and arolla pine.
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Arctostaphylos uva-ursi, whose fruit-stones were found in both profiles,
probably occurred in its herb layer.

Large quantities of Salix pollen grains, among which the morphological
type of Salix pentandra (S. alba and S. pentandra) prevailed in many
samples, probably reflect the development of willow thickets as well as
willow-poplar riverside forests. Apart from the poplar and birch, the
alder also occurred in these riverside forests. In the pollen spectra there
appeared very small quantities of Betula and Alnus, but in the peat from
Piastowska street pieces of Alnus wood were found in two levels and
Betula vel Alnus in the profile from the Rondo (more probable Betula).

The higher situated forestless sandy soils were overgrown by com-
munities including Juniperus, Ephedra distachya, E. t. fragilis, Armeria
vulgaris s. 1., Helianthemum t. nummularium, H. t. oelandicum, Scleran-
thus annuus, and Rumex acetosella.

The high Cyperaceae curve in both diagrams and that of Polypodiaceae
in the diagram from Piastowska street, show that wet communities of
various type were common on the newly uncovered terrace.

The unusually abundant occurrence of Selaginella selaginoides (micro-
and macrospores) in the profile from the Rondo, and the indubitable
presence of Betula mana (leaves) in the material from the Piastowska
street, suggest that the patches of tundra vegetation were still developed
there in the Younger Dryas period.

The contemporaneous distribution of Selaginella selaginoides in the
tundra in the western part of the Soviet Union covers areas with a mean
July temperature between 10°—14°C (Dobrynin 1956, quoted after R o t-
nicki, Tobolski 1965).

The occurrence of Ceratophyllum hairs in the deposit from the Rondo
and the continuous Myriophyllum wverticillatum curve in the Piastowska
street profile indicate that the mean July temperature in this area during
the Younger Dryas period was at least 13°C.

The transition to the Preboreal period is characterized by a very
distinct, sharp rise in the pine curve, matched by a corresponding decrease
in Cyperaceae, Saliz, and Juniperus and in the case of the profile from
the Rondo a fall in the Pinus t. haploxylon and Selaginella curve. Above
this level there is a marked decrease in aquatic pollen grains. The pres-
ence of Cladium mariscus fruit in the Rondo profile indicates a consider-
able amelioration of climatic conditions, which justifies the assumption
that the mean July temperature in this area had increased by about 3°C
in comparison with the Younger Dryas.

" At present Cladium mariscus (L.) Pohl. occurs mostly in the northern
part of Poland and in the province of Lublin (Fig. 4). An isolated locality
in Southern Poland is situated at Podgérki near Cracow (Swieboda
1968). Fossil fruits of Cladium mariscus have so far been reported only
from a few stations of interglacial, erup, Late-Glac1a1 and. Holocene



Fig. 4. Present-time distribution of Cledium mariscus L. (Pohl.) ih Poland (5) as well
as its fossil finds: 1 — Holocene, 2 — Late Glacial, 3 — Brgrup Interstadial, 4 —
interglacial deposits. Contemporary distribution according to Swieboda (1968).

Ryc. 4. Wspélczesne rozmieszczenie Cladium mariscus L. (Pohl.)) w Polsce (5) oraz

Jej stanowiska kopalne: 1 — holocen, 2 — pézny glacjal, 3 — interstadial Brarup,
4 — stanowiska interglacjalne. Rozmieszczenie wspolczesne wedlug Swiebody
(1968) '

age. Pollen grains of this plant have also been reported from some
Holocene and Late-Glacial localities. The Late-Glacial and Holocene
records of Cladium mariscus indicate that the present station of this
plant near Cracow is a relic of a more continuous distribution in Southern
Poland in the past. '



The changes observed in the pollen diagrams are accompanied by
a distinct change in the sediment. In the Rondo profile it is only now that
peat has begun to accumulate and in the profile from Piastowska street
the strongly decomposed peat with a large admixture of mineral matter
is changing into a light, poorly decomposed mossy peat, with fairly
common Camptothecium nitens.

The marked decrease of mineral matter in the sediment content is
probably due to the overgrowth of hitherto uncovered places and to the
lowering of the rivers’ level, as well as to the less frequent floods. These
factors are also responsible for the complete disappearance of rebedded
pollen grains whose curve was particularly high in the clayey sediment
from the Rondo.

In the Preboreal period the terraced, sandy bottom of the valley, and
the flat areas of hills of the Cracow Upland, were covered by pine forest
with a rather insignificant proportion of birch. The absence of an initial
birch phase was most likely due to a lack of suitable edaphic conditions.
This problem was more widely dealt with by Tobolski (1966) who
noted that in dune areas pine forests not only started the Holocene
succession but also prevailed there during the Bolling and Allered periods.
H. Miller (1969) also drew attention to the predominance of pine in
the majority of diagrams from East Germany from the beginning of the
Allered, and to the lack of birch phase in the Preboreal period. This,
in her opinion, does not concern only the north-western part of the
investigated territory, owing to the later immigration of pine to this area.

In the diagrams of the Cracow area a difference in the occurrence
of heliophilous shrub and herb pollen grains is to be observed. In the
profile from Piastowska street Ephedra t. fragilis, E. distachya, Hippophaé,
Helianthemum, and Saexifraga t. oppositifolia were still noted in the
Preboreal period, whereas in the Rondo profile their occurrence is
interrupted in the Younger Dryas. It seems very likely that during the
Preboreal period, when pine woods became more dense, the diversified
relief of the western part of Cracow area (see Fig. 1) provided better
conditions for the survival of many light demanding plants.

In the presented diagrams it is very difficult to mark the boundary
between the Preboreal and Boreal periods. Similar difficulties were met
with in some diagrams from the eastern part of the Sandomierz Basin
(Mamakowa 1962).

In the Boreal period the whole of this area continued to be occupied
chiefly by pine woods. As the climatic conditions grew better, shallow
marshes and other humid habitats dried up on the Rendzina terrace and
the pine penetrating into these places enlarged its area of distribution.
This is evidenced not only by its very high pollen curve, but also by
numerous macroscopic remains (wood fragments, cones, seeds) in the
profile from the Rondo and wood remains from Piastowska street. The
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very high production of pine pollen and its local over-representation
makes it difficult to find any uniform criteria for marking the Prebo-
real/Boreal transition in both the diagrams. It seems that in the diagrams
presented the beginning of a continuous elm curve is the only distinct
common feature permitting the definite determination of this boundary.

That this criterion ought also to be applied in the further investiga-
tions of this area, is evidenced by radiocarbon dating of the profile from
the Rondo. The date falls on the close of the Preboreal period, 'dating
the peat layer just immediately below the beginning of the continuous
Ulmus curve *. In the diagram from the Rondo the beginning of a con-
tinuous spruce curve is also indicated at the same time as that of the
elm but in the diagram from Piastowska street spruce is represented
by small quantities of pollen grains as far back as the Allered/Younger
Dryas transition. However, in both diagrams it seems that the rational
limit of the spruce curve occurs in the younger part of the Boreal period.
Thus it may be considered that the small admixture of spruce in the
forests of the western part of the Sandomierz Basin can be related only
to the later part of the Boreal period. The rapid spread of spruce in the
West Carpathians (Koperowa 1962), already taking place from the
beginning of the Preboreal period, is not reflected at all in the diagrams
presented here.

The high Gramineae curve in the Boreal period observed in the
diagram from the Rondo is also worthy of note. In the diagram from
Piastowska street an insignificant increase in Gramineae at the 55 cm
level corresponds to it. Pine charcoals determined in the material from
the Rondo denote a fire in pine forest at that time. That is why it seems
most plausible to relate the increase in Gramineae and Polypodiaceae,
and to some degree of Betula to this fire. However, the fire was of a local
character and affected a rather limited area, since its traces in the Pia-
stowska profile are already less visible.

These large quantities of Gramineae in the Boreal period in the
Rondo profile are particularly worthy of note in conjunction with investi-
gations in the eastern part of the Sandomierz Basin (Mamakowa
1962) and in the Swiety Krzyz Mountains (Szcze panek 1961), where
similar large quantities of grasses occurred in profiles from several sites.
In some profiles coal-dust was simultaneously observed in the material.
It seems that in all cases pine was the tree attacked by fire.

In the present state of research it would be difficult to decide what
was the cause of these fires and whether the culmination of the Gramineae
curve can be in all cases related to the fire. The possibility that in some
instances the culmination of grasses was related to an abundant occur-
rence of Phragmites pollen cannot be excluded. On the other hand, in

' * Radiocarbon dating was carried out in the C-14 Labor‘atory at Heidelberg.
No. of sample: H 1458—1031; C-1 : 9390 +180 B. P.
“\b‘iofgka
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the diagrams from the Rondo and Piastowska street the majority .of
grasses at their culmination level belong to the Festuca and Dactylzs

types.

The beginning of the Atlantic perlod determmed in the top samples
of the profile from the Rondo appears in an already highly clayey
material. The development of peatbog was interrupted at that time and
its surface was covered with sandy clay and sand.

Institute of Botany of the Polish Academy of Sciences in Krakéw.
Department of Palaeobotany
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STRESZCZENIE

POZNOGLACJALNA I WCZESNOHOLOCENSKA FLORA Z TERENU KRAKOWA

Praca zawiera probe rekonstrukeji przemian w skladzie roslinnosci na
obszarze miasta Krakowa od poczatku mlodszego dryasu az po okres
atlantycki. Wnioski oparte sg na wynikach analizy pylkowej i makrosko-
powej torfow kopalnych wystepujacych na lewym brzegu Wisty. Poklad
torfu, odkryty w sagsiedztwie Ronda (Grzegorzki), wystgpuje w spagu te-
rasy redzinnej wyscielajgcej doling Wisty. Proby torfu ze stanowiska przy
ulicy Piastowskiej pochodzg z terasy Rudawy, ze spagu torfowiska ni-
skiego (ryc. 1).

W okresie mlodszego dryasu (ryc. 2 i 3) na obszarze Krakowa wyste-
powal rzadki las sosnowy z domieszkg modrzewia i limby. Duze iloSci
pyltku wierzby z przewagg w wielu prébach ziarn pytku o typie morfolo-
gicznym Salixz pentandra (S. alba i S. pentandra) wskazuja na obecnosé
nie tylko zaro$li wierzbowych, lecz réwniez tegéw wierzbowo-topolowych
z olsza, ktérej drewno zachowalo sie w profilu z ulicy Piastowskiej. Nie-
zalesionym i wyzej polozonym terenom piaszczystym charakterystyczne
pietno nadawaly zbiorowiska z Juniperus, Ephedra distachya, E. t. fragilis,
Armeria vulgaris s. 1., Helianthemum t. nummularium, H. t. oelandicum,
Scleranthus annuus i Rumex acetosella.

Wyjatkowo obfite wystepowanie Selaginella selaginoides (mikrospory
i makrospory) w profilu z Ronda oraz obecno$¢ Betula nana (listki) w ma-
teriale z ulicy Piastowskiej sugeruja, ze w okresie mlodszego dryasu
platy roslinnosci tundrowej byly jeszcze dobrze wyksztalcone. Wystepo-
wanie kolcow Ceratophyllum (Rondo) oraz ciggla krzywa pylku Myrio-
phyllum verticillatum (ulica Piastowska) pozwalaja przyja¢, ze $rednia
temperatura lipca wynosita w tym okresie co najmniej 13°C.

Poczgtek okresu preborealnego charakteryzuje gwaltowny wzrost
udziatu pytku sosny, zmniejszenie ilosci Cyperaceae, Salix i Juniperus,
a w profilu z Ronda ponadto spadek udzialu Pinus t. haploxylon i Sela-
ginella selaginoides. Udzial brzozy byl w tym czasie nieznaczny.

Wystepowanie w okresie preborealnym owocujacego Cladium mariscus
(Rondo) dowodzi, ze $rednia temperatura lipca wzrosta w stosunku do
mtodszego dryasu o okoto 3°C.

Owoce Cladium mariscus zostaly podane dotychezas z kilku stanowisk
w Polsce, z okreséw interglacjalnych, z interstadialu Brerup oraz z poz-
nego glacjatu i holocenu (ryc. 4). W pdéznym glacjale i holocenie notowano
ponadto pylek tej rosliny. Rozmieszczenie pédzZnoglacjalnych i holocen-
skich stanowisk jest dowodem, ze wspodlczesne stanowisko kloci w Pod-
gorkach k. Krakowa (Swieboda 1968) jest reliktem cigglego zasiegu tej
ro§liny w przesztosei.
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W okresie borealnym udzial laséw sosnowych na badanym terenie byt
niewatpliwie duzy. Dowodza tego, obok wysokiej krzywej pylku sosny,
roéwniez liczne jej szczatki makroskopowe (w profilu z Ronda drewno,
szyszki, nasiona, krotkopedy oraz drewno w profilu z ulicy Piastowskiej).

Wyznaczenie granicy pomiedzy okresem preborealnym i borealnym
w diagramach z terenu Krakowa napotyka duze trudnosci. Jedyng wspélng
cechg obydwu diagraméw, ktéra pozwala na wyznaczenie tej granicy,
Jest poczatek cigglej krzywej wigzu. Za stlusznoscig przyjecia tego kryte-
rium réwniez i w przyszlych badaniach na tym obszarze przemawia da-
towanie radioweglem profilu z Ronda. Wiek warstwy torfu wystepujgcej
bezposrednio ponizej poczatku cigglej krzywej wigzu zostal okreslony na
9390 +180 B. P., co wskazuje na przynaleznosé tego poziomu do schylku
okresu preborealnego.

Racjonalna granita krzywej §wierka w obydwu diagramach z Krakowa
przypada na mlodsza cze$¢ okresu borealnego, co $wiadezy, ze dopiero
w tym czasie §wierk zaczal sie rozprzestrzenia¢ w zachodniej czesci Kot-
liny Sandomierskiej.

Poczatek okresu atlantyckiego, uchwycony w stropowych prébach pro-
filu z Ronda, zawarty jest juz w materiale bardzo silnie zailonym. Rozwdj
torfowiska zostal w tym czasie przerwany, a jego powierzchnie pokryty
ily piaszczyste i piaski.

Instytut Botaniki Polskiej Akademii Nauk w Krakowie
Zaklad Paleobotaniki :



Krakéw - Rondo. Absolute numbers of sporomorphs.
Erakéw -~ Rondo. Bezwzgledne iloSci sporomorf.
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Trees snd shrubs ~ Drzewa i krzewy

Abies

Alnus

Betula t. alba
Betula t. nana
Carpinus

Corylus

Ephedra distachya
Ephedra t. fregilis
Fagus

Fraxinus
Hippophae
Juaniperus

Larix

Picea
Pinus t. haploxylon
Pinus t. silvestris

Herbs - Rosliny zielne

Anthenls type
Armeris vulgaris s.l. (4)
Artemisia
Botrychium
Callura
Caltha type
Caryophyllaceae
Chenopcdiaceae
Cladium mariscus
Comarum
Compositae Liguliflorae
Compositee Tubiflorae
Cruciferae
Cyperaceae

etrum
Equisetum
Ericaccae
Filipendula
Geun
Granineae
Helianthemum t. nummularium
Helianthemum sp.
Iycopodium complanatum/tristachyum
Mentha type
Menyanthes
Ophioglossum
Papilionaceae
Phegopteris asyopteris
Plantago lanceclata
Plantago maritima
Polypodium vulgare
Polypodiaceae
Potamogeton sect. Coleogeton
Potamogeton sect. Eupotamogeton
Potentilla type
Pteridium aquilinum
Rubiaceae
Rumex aguaticus/hydrolapathum
Rosaceae
Sanguisorba officinalis
Sedum
Selaginella selaginoides
Sparganium type
Sphagnum
Succisa pratensis
Thalictrum
Typha latifolia
Umbelliferae
Varia

Tertiary sporomorphs - Sporomorfy trzeclorzedowe

Carya
Coniferae indeterminatae
/Taxodi;

Up. '/
Gleicheniaceae
Juglandaceae
N{saa
Platycarya
Pterocarya
Sciadopitys
BSequoia
Sporae indeterminatae
Hystrix

Indeterminable pollen gra.ms -
Nieoznaczalne ziarna pyiku
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Rrekow - Piastowska street. Absolute numbers of sporomorphs.
Erakéw - ulica Piastowska. Bezwzgl¢dne i1loscl sporomorf.

Teble o
Tabela

Depth in cm -~ Gigbokosé w om
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55
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-
wn
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Trees and shrubs - Drzewa i krzewy

Abies -
Alnus ‘ o
Betula t. alba

Betula t. nana

Corylus

Ephedra distachya

Ephedra t. fragilis

Hippophad

Juniperus

Larix

Picea

Pinus &. haploxylon

Pinus t. silvestris

Populus

Quercus

Salix

Sorbus cf. aucuparis

Tilia

Ulmus

Herbs - Rosliny zielne

Anthemis type

Armeria vulgaris s.l. (8)
Artemisia

Batrachium type
Botrychium

-Bupleurum

Caltha L]
Caryophyllaceae
i Centaurea t. montana
Cerastium type
Chenopodiaceae
Comarum
Compositae Liguliflorae
Compositae Tubifloras
Cruciferae
Cyperacese
Empetrum
Epilobium
Ericaceae
Equisetum
Filipendula
Geum
Gramineae
Gypsophila fastigiata
Helianthemum t. nummularium
Helianthemum t. celandicum
Hellianthemum sp.
%.e cop di 1 um/tri hyum
ycopodium complanatum/tristac
ct. Malachiummp
Mentha e
Myriophyllum verticillatum
Papaver R
Phegopteris dryopteris
Phragmites
Plantago lanceolata
Plantago malor
Plentago media
Polygonun bistorta/viviparum
Polygonum t. lapathifolium
Polypodiaceae
Potamogeton sect. Coleogeton
Potamogeton sect. Bupotamogeton
Potentilla type
e T
teridium a
Ranunculaceae
Rhynchospora alba
Rosacese -
Rubiaceae |
Rumex acetosd .
Rumex acetcselld )
Rumex aguaticus/hydrolapathuty
Sanguisorba officinalis
Saxifraga t. oppositifolls
Scleranthus annuus
Selaginella selaginoidep
Sparganium type
~ Sphagnum
Thalictrum
ha latifolia
Umbelliferae
Urtica of. diolos
Varia

Tertiary sporomorphs —Sporomorfy trzeciorz¢dowe
Cupressaceae/Taxodlaceas

Nyssa

Sequoia

Sporas indeterminatae

Indeterminable pollen grains -
Nieoznaczalne ziarna pyiku
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Fig. 2. Cracow — Rondo. The basis of calculation for the pollen curves is the total pollen and spore sum except aquatics, Polypodiaceae, Sphagnum and tertiary plants. The latter are calculated
on the basis of the total sum + the respective type of pollen or spore. Types occurring in small frequencies are given in 5X enlarged scale (white silhouettes) or their absolute quantities
have been marked.

_ Sediment signatures: 1 — sedge-wood peat, 2 — plant detritus, 3 — clay, 4 — sand, 5 — charcoals
Ryc. 2. Krakéw —— Rondo. Podstawg obliczenia poszczegélnych krzywych jest suma wszystkich ziarn pytku i spor, z wyjatkiem roélin wodnych, Polypodiaceae, Sphagnum i roslin trzeciorzedo-
wych. Procentowy udzial ro§lin wylaczonych obliczono w stosunku do sumy totalnej + dany typ pytku czy spory. Typy pylku wystepujace w malych ilosciach s3 wrysowane w skali 5X prze-
wiekszonej (biate sylwetki) albo podano ich bezwzgledne “wartosei.
Oznaczenia osadéw: 1 — torf turzycowo-drzewny, 2 — detritus roélinny, 3 — i, 4 — piasek, 5 — wegle drzewne
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Fig. 3. Cracow — Piastowska street. The basis of calculation for the pollen curves see fig. 2.
Sediment signatures: 1 — sedge-wood peat, 2 — sedge-mossy peat, 3 — sedge peat, 4 — plant detritus, 5 — clay, 6 — sand
Ryc. 3. Krakéw — ul. Piastowska. Sposéb obliczenia poszczegblnych krzywych jest podany przy ryc. 2.
Oznaczenia osadéw: 1 — torf turzycowo-drzewny, 2 — torf turzycowo-mszysty, 3 — torf turzycowy, 4 — detritus ro§linny, 5 — il, 6 — piasek
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