
511Acta Bot. Neerl. 18(4),August 1969

Palynology of the first 30 metres of a

120 m deep section in Northern Greece

T.A. Wijmstra

Hugo de Vries-laboratorium, Universiteit vanAmsterdam

SUMMARY

In this paper the results of a palynological investigation of a 120 m deep borehole in the

Tenaghi Philippon, Macedonia (Greece) are given. These data show that duringthe Holocene

mainly an oakwood forest was present. In the most recent part of the Holocene Fagus and

Abies were also present. During the climatic extremes of the Weichselian anopen vegetation

existed. During the early interstadials a forest with Quercus, Fagus and Carpinus existed,
whereas in the later interstadials stands of Pinus predominated. In the Late Glacial a not very

dense oak forest was of some importance.

1. INTRODUCTION

Before 1930 the surroundings of Drama were part of an extensive marsh.

After this date, land-reclamation was started and gradually the marsh became

cultivated. According to Turrill (1929), Southern Macedonia has colder

winters and somewhat wetter summers than the Peleponnesos or Thessalia. The

The Tenaghi Philippon, lying 40 m above sea level {fig. 1), is a part of the Drama

basin (location 41°10, N and 24°20, E). The boundary of this basin is formedby
faults. The western boundary is formed by a fault along the Pangeon mountains,

the eastern boundary by a fault along the Ori Lekanis; these mountains are

1956 and 1298 m high, respectively. In the north, the basin is bounded by the

Falakron mountains. It is separated from the Aegaean Sea in the south by the

low Symvolon mountains. In this basin clay, marland peat were deposited. The

peat is restricted to the southwestern part of the basin and covers a surface area

of about 55 km 2
.

In the surrounding mountains schists, gneisses, marls, marbles and granits

are found. Owing to the presence of the above-mentioned mountains, drainage

of the plain is only possible in a western direction by way of the Angitis river.

This river breaks through a low range of hills, which range is slowly rising, so

that the Angitis had to cut its way into this threshold and a canyon was formed.

However, because the uprising of the threshold exceeded the scouring capacity

of the river, the natural drainage of the plain has gradually deteriorated. Owing

to these topografical conditions peat and lake deposits could be formed. On

account of the slow changes in the drainage conditions, the growth of the peat

could keep pace with the decline of the drainage. The marsh was fed by a

number of springs, the run-off from the adjacent mountains being particularly

important.
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hot weather usually commences by the middle of May and continues till the

beginning or sometimes the end of September. During this period the rain

usually falls in the form of local thunderstorms, July and October being the

driest months in Kavalla. Thunderstorms are most frequent in May and June

and increase in frequency as one moves more inland.

In the inland valleys the temperature is frequently higher than near the coast,

but the nights are cooler. The early months of the winter are the wettest of the

year. Snowfall may occur from November till April and is heavier and more

frequent towards the interior. For a summary of the climate in Kavalla, see

fig. 3.

2. RECENT VEGETATION

In the Tenaghi Philippon proper but little is left of the original vegetation cover

owing to land-reclamation.In one place around a spring-fed pond it was possible

to get an idea of the original vegetation cover. In this pond Nymphaea alba and

Polygonum amphibium were found. Along the margin a belt of riparian vege-

tation with Phragmites communis, Iris pseudacorus and Typha angustifolia was

observed, followed by a tree zone consisting of Alnus and Populus. The hills on

the western and eastern side showed a marked difference in their vegetation

cover.

On the east side to ± 250 m upwards, vegetation is present in which Caly-

cotome villosa, Paliurus aculeata, Juniperus sp., Pistacia terebinthus and Cistus

fig.1 Macedonia with the Tenagi Philippon
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salviifolius are well represented. On the western side along the flanks of the

Pangeon mountains, the lower slopes to 250 m upwards are covered by vege-

tation of Quercus ilex. Erica arborea. Arbutus unedo, Cistus salviifolius, Cistus

monspeliensis and Juniperus.
Above 300 m the vegetation changes and low bushes of Carpinus cf. orientalis.

Quercus ilex and Quercus coccifera are present. This scrub zone is very much

influenced by grazing by goats. At 450 m the first trees appear: Quercus cocci-

fera, Carpinus orientalisand, in addition, Castanea, Vitis silvestris and Lonicera

sp. At 580 m the first conifers are found: Pinus cf. nigra, apart from Quercus

sessilifiora, Crataegus, Ostrya carpinifolia and Cornus sanguinea.

Gradually Pinus becomes more abundant. Up to the timber line Pinus nigra
is found together with Ostrya carpinifolia and Acer sp.

On the northern side of the marsh lie the Falakron mountains. The vegetation

cover of this mountainwas described by Quezel (1968), who reports the pre-

sence of Pinus nigra up to 1600 m and of a beautiful alpine flora above 1600 m.

3. THE POLLEN DIAGRAM

3.1. General remarks (see fig. 2)

In this diagram the results of the palynological analysis of the uppermost 30

metres of a 120 m deep section are shown. From0 to 20 m down, a sample was

analysed at every 10 cm. From 20 to 30 m down, the sample distance was 20

cm. The samples consisted mainly of peat, gyttja and clay, lake-marl occurring

only between 12.50-13.50 and 14.50-15 m. All the samples were boiled with

KOH and subsequently concentrated with a bromoform-alcohol mixture. The

pollen grains are not corroded. For the representation of the results two general

diagrams were drawn, in one of which the sum of all the arboreal and herba-

ceous pollen grains served as the basis of the calculations. The pollen grains of

Cyperaceae, Peplis, Rumex, Typha and Nymphaea are not included in this sum.

fig. 3 Temperature and rainfall at Kavalla
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The last elements belong either to open aquatic vegetation or to hygroseres

along the margins of, or in, the marsh and must be excluded from the pollen

sum if one wishes to reconstruct vegetational succession outside the marsh. In

order to ascertain if Gramineae formed a part of the local vegetation or were

only blown in from outside the marsh, another general diagram was constructed

in which the pollen sum of trees, Artemisia and Chenopodiaceae formed the

basis of the calculations. The percentages of pollen represented in the separate

curves are calculated on the basis of the first pollen sum. In the two general

diagrams the percentages of arboreal pollen are plotted from the left to the

right and the percentages of herbaceous pollen types from the right to the left.

3.2. The zonation

A perusal of the general diagram shows in the first place that periods in which

tree pollen dominates alternate with periods during which herbaceous pollen

grains are relatively more important. The bulk of the tree pollen is provided
either by Quercus and Pinus, or by Pinus or by Quercus alone (compare, for

example, zone U: Quercus and Pinus - zone Y: Quercus only - and zone X:

Pinus only). In periods of herbaceous pollen dominance the principal consti-

tuents of the pollen rain are Gramineae, Artemisia and Chenopodiaceae. The

general diagram and the individualpollen curves enable the reconstruction of a

zonationin the pollen sequence. The boundaries of zones Q up to and including
Z are drawn where a transition is found from a period dominated by herbaceous

pollen to one in which the percentages or arboreous pollen types were relatively

more important. The subdivision of Q (into the zones Ql, Q2, Q3) was based

on a change in the tree pollen curves, from a Pinus-Quercus pre-dominance to a

Pinus or a Quercus pre-dominance (see Rl, R2, R3). The subdivision into a, b

and c was introduced to indicate individual maxima or minima of tree pollen

percentages. The above-mentionedcriteria serve for the following, more detailed

discussion of the pollen zones:

Zone Q

In this zone the percentage of arboreous pollen varies between 80 % and 60 %.
In the first part (Ql), the pollen percentageof Quercus pollen is higher than that

of Pinus. The curve of Carpinus attains a value of 4 %-5 % and Betula is also of

some importance. In zone Q2 the percentageof Pinuspollen reaches a maximum

of about 60%. A decrease of Quercus and Carpinus pollen is noticeable.

Throughout these two zones the percentages of herbaceous types are more or

less constant, viz.. about 20%. The chief contribuants to the percentage of

herbaceous pollen are Gramineae, minor percentages of Artemisia also being

present. In Q3 the percentages of Quercus pollen remain more or less constant,

whereas the values for Pinus decrease from 50 % to 30 % and several new ele-

ments appear such as Pistacia, Ulmus, Salix and Fraxinus excelsior. The

percentage of Betula is about the same as in Q1 and Q2, viz.. about 4%.
Towards the end of this zone some Tilia cordata is present. The percentages
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of herbs rise gradually, which higher values are mainly caused by an increase of

the Artemisia and Chenopodiaceae percentages. Peplis is recorded for the first

time.

Zone R

This zone can be divided into three subzones, Rl, R 2 and R3. In zone R 1

percentages of about 20 % Pinus pollen are present, Quercus not being so well

represented in this interval. Of the other trees and bushes only Betula and

Juniperus are represented. Artemisia is the most important contribuant to the

herbaceous pollen percentages, the values for Chenopodiaceae being low. In the

last part of zone Rl Ephedra cf. distachya is present, and a maximum in the

Typha and Gramineae curves is observed.

In the next zone (R2), a rise in the Quercus percentages is noticeable. The

percentages of Pinus cf. nigra are as high as in the previous zone. Also present

are pollen grains of Tilia, Carpinus, Fraxinus excelsior, Betula and Cistus. The

percentages of Artemisia are considerably lower than in Rl, whilst those of

Chenopodiaceae remain more or less constant, viz., 5-8%. The percentage of

grass pollen is about 10%.

Zone R3 yields more or less the same picture as zone Rl, viz.. a high represen-

tation of herbaceous pollen mainly caused by a rise in the Artemisia and

Chenopodiaceae percentages. The percentages ofthe grasses are more or less the

same as in zone R2. The principal difference between R 3 and Rl lies in the tree

pollen percentages, both the Pine and the Oak values being very low in R3. Just

as in zone Rl some pollen grains of Juniperus are found in this zone, but here

associated with grains of Plantago and Ephedra distachya.

Zone S

Throughout zone S the AP percentages are high (up to 80 %). The NAP per-

centages vary between 20 and 40%. The important constituents are Artemisia

and Gramineae. In zone SI the Quercus percentages rise sharply to attain 37%

at 26.80 m. The curve of Pinus is also rising, but not to such an extent as the

Quercus curve. Also represented in this zone are pollen grains of Tilia, Carpinus,

Corylus and Ulmus. The latter tree is represented by rather high percentages, the

highest occurring in zone S. Pollen grains of Vitis silvestris are restricted in their

occurrence to SI. In zone S 2 the Quercus curve has a distinct maximum,
whereas the values of Pine pollen are rather low. Other characteristics of this

zone are: the first appearance of Abies and Picea, the constantly high values of

Corylus and a low representation ofPistacia at the beginning and at the end of

this zone.

In zone S 3 the percentage of Quercus slowly falls off and that ofPinus rises.

In the first halfof this zone (S 3a) a maximum in the Carpinus curve was noted,

whereas in zone S3b higher values of Abies are present. This zone (S 3) is also

characterised by the first appearance of Ostrya which reaches its maximum

value in zone 3a. Ephedra fragilis is restricted in its occurrence to zone 3a.

Zone S 4 shows a relatively high maximum in the Quercus curve together
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with constantly high percentages of Pinus pollen; additional characteristics are

the presence of Ephedra distachya and Plantago. In the course of this interval

all thermophilous trees disappear.

Zone T

In zone T the pollen spectrum differs in that the previously recorded higher

values of AP-percentages are replaced by very high percentages of NAP. In this

zone the percentages of Artemisia and of Chenopodiaceae show maximum

values. The occurrence of low, constant percentages of Plantago and Ephedra
cf. distachya is observed. The percentages of Chenopodiaceae are high in the

lowerpart of zone T, but gradually fall offto 10 % in the upper part of this zone.

Zone U

In this zone the pollen rain is again characterized by high percentages of ar-

boreal pollen. Also noticeable is the constant occurrence of Nymphaea and the

rather irregular course of the Gramineae curve with two maxima, one at 22.0 m

and one at 22.7 m. These high percentages have a considerable effect on the

course of the different AP curves; therefore, diagram B is to be preferred for a

description of this zone. In the lower part Ul, a maximum in the Pinus curve is

present, whereas towards the upper part of this zone the Quercus curve rises.

Restricted in their occurrence to zone U1 are Pistacia and Sanguisorba minor,

whereas Tilia, Ulmus and Fraxinus excelsior appear for the first time at the

boundary U1-T4.

In U2 the percentages of Pinus are lower than in the preceding and in the

next zone and a maximum in the Quercus curve is present. This zone is also

characterized by a constant representation of Carpinus, Corylus and Picea. This

zone can be subdivided into two parts (U 2a and U2b). The curves of Cistus and

of Tilia are restricted to U 2a and those of Vitis and Fraxinus excelsior to U2b.

At the boundary with zone U 3, a maximum in the Juniperus curve is present.

In zone U3 the Quercus curve starts to fall off, whereas the Pinus curve shows a

distinct maximum. In this zone no pollen grains of Tilia, Carpinus and Corylus

were recorded. The curve of Juniperus remains high in this interval.

Zone V

In the course of the pollen sedimentation in this zone a general lowering of the

percentage of Pinus cf. nigra from 19% to 3% is noticed. Quercus is no longer

present. This zone is also characterized by high percentages of herbaceous pollen

types, mainly Artemisia, Chenopodiaceae, and Gramineae. By means of the

maxima of the Pine curve, this zone is subdivided into VI, V 2 and V3. During
the sedimentationof zone V 1 the pine curve varies between 12 and 25 % and in

V2 between 5 and 25 %, whereas in V 3 a rather constant value of 5 % is noticed.

The individual maxima of the pine curve are present at the levels at Via, Vic,

V2a, V2c. The percentages of Artemisia pollen are more or less constant

throughout this zone. The Chenopodiaceae curve, on the other hand, shows a

constant rise from 5-10% in the lower zones to 10-15% in zone V 3 (all per-

centages given here are those of diagram A).
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Zone P

During the sedimentation of zone P a series of fluctuations in the tree pollen

percentages can be observed. The NAP percentages are somewhat lower than

in the last-formed part of zone V, but remain high. Zone PI starts with an

increase in the Pinus percentages to 15%, followed by a fall-oif to 1-2 %. In the

last-formedpart of zone PI the Pinus curve increases again to 24% and falls off

once more towards the boundary with the next zone. Also in this zone a maxi-

mum of 10% in the Quercus curve is noticed. The maxima of this Quercus curve

coincide with the maxima of the Pinus curve. In zone Pla the Juniperus curve

shows rather high values (up to 5 per cent.). Also a few grains of Ephedra and a

continuous curve of Xanthium can be noticed. During the deposition of zone

PI, Betulawas present. In the interval Plb low percentages of Abies and in the

last-formedpart of this subzone a rise in the Juniperus curve can be observed.

In zone P 2 the percentages of AP fall off and a maximum in the NAP values

is present. This rise is due to an increase of the Artemisia and Chenopodiaceae

percentages. In P 2 also low percentages of Helianthemum, Ephedra fragilis and

Plantago sp. are present.

In the part of the diagram representing zone P 3 the curves of Pinus and

Quercus show two maxima, separated by an interval with high Artemisia and

Chenopodiaceae values. In the first maximum P3a, Abies and Tilia are present.

This zone P3a begins with a rise in the Juniperus curve. In P3c, apart from Pinus

and Quercus only a few per cents, of Corylus are present. Throughout this whole

zone Ephedra distachya and Juniperus are well represented. Pollen zone P4

again shows low values of AP and high values of NAP. These high values are

mainly caused by a rise in the Artemisia and Chenopodiaceae curves. In this

interval the percentages of Juniperus remain rather high.

In pollen zone P 5 the tree pollen curve rises to a maximumof about20 %. This

is mainly caused by increasing Pinus values. Also noticeable in this interval is the

presence of Picea omorikoides and Pinus haploxylon types of pollen grains. The

values of the Juniperus curve are lower than in the former zone. The presence of

a maximum of Peplis and of Typha, and a very high value of Gramineae at the

end of this zone is striking. An indicationof the sedimentation environment is

given by the presence of diatoms in this zone.

In P 6 the pollen rain was mainly composed of Artemisia and Chenopodia-

ceae. Small percentages of Juniperus, Ephedra distachya, Ephedra fragilis.

Xanthium, Helianthemum and Plantago are also present.

The P 7 interval shows higher values of Pinus pollen; Juniperus is absent.

Apart from Artemisia and Chenopodiaceae, constituting the most important

components of the NAP, Helianthemum is present.

Zone X as a whole is characterized by its continuously high values of Artemi-

sia and Chenopodiaceae and an uninterrupted curve for Xanthium, Juniperus,

Plantago and Helianthemum.Pinus is the chief component of the arboreal pol-

len. By means of fluctuationof this curve we can recognise 4 subzones. During

the intervals X 2 and X 4 the Pinus percentages are high. At the same time the

continuous presence during the deposition zone X4a of Hippophae can be
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noticed. In zone X4 two maxima in the Pine curve are present, one at X4c and

one at X4a. In XI, X3 and X5 very low values of arboreal pollen are present.

In this interval the percentages of Artemisia, Chenopodiaceae, and Gramineae

show a maximum. The percentages of Chenopodiaceae increase from 10% in

zone XI to 20% in zone X5. With the aid of the tree pollen fluctuations zone Y

is divided into three parts, viz., zones Yl, Y2 and Y 3. The first part Y1 shows

an increase in pine pollen percentages and a decrease in Artemisia and Chenopo-

diaceae values. Also a rise in the oak pollen curve can be noticed and the same

applies to Betula. In this zone Tilia disappears for the first time. Both Ephedra

distachya and Xanthium are still represented by rather high percentages. In

zone Y 2a Quercus attains its first maximum. Also noticeable in this zone is the

first appearance of Corylus and the disappearance of Xanthium and Ephedra.

In Y2b a slight lowering of the oak percentages occurs. The continuous

curves of Ulmus, Pistacia and Sanguisorba minor start at the boundary Y 2a-Y2b.

In the course of zone Y2c a maximum in the Quercus percentage is reached

and in the rising part of this Quercus curve a maximum in the Pistacia curve is

present. As in the former three zones, Vitis is noticeable.

In zone Y 3 the percentages of NAP increase again and a marked fall in the

tree pollen percentages can be noticed. The rise in the NAP-percentages is

mainly caused by an increase in the Artemisia and Chenopodiaceae values. This

is most clearly reflected in diagram B, in which the Gramineae are not included

in the sum. The in-situ presence of reed is made probable by the macro-remains

of Phragmites in this interval.

In zone Z the NAP-percentages drop to about 10%. In the first zone (Zla) a

rise in the Quercus curve and higher valuesof Juniperus, Pistacia, Sanguisorba
and Betula are noticeable.This zone can be divided into two parts, viz.. Zla in

which Pistacia is relatively more important, and Zlb in which Juniperus is

more important.

In Z3, apart from appreciable values of the Quercus percentages, a clearly
marked Corylus peak is present. This zone can also be divided into two parts,

viz., Z3a in which the values of Fraxinus are relatively lower, and Z3b in which

these values are higher.

In zone Z3 the rise of the Abies curve starts and a maximum of the Ostrya

curve is the most characteristic feature of this zone. In zone Z4 the curves of

Fagus and Ericaceae are noticeable, whereas zone Z5 is definedby the increasing
values of the Pistacia and the NAP-percentages. Also noteworthy is the

presence of Rhus.

4. THE DEVELOPMENT OF VEGETATION (table 1,fig. 2)

From the pollen zones described in the preceding chapter the following vege-

tational history can be deduced.

During the period represented by zone Q, judging by the high percentages of

arboreal pollen recorded, the presence of a forest cover in the surrounding hills

and on the plain itself seems to be highly probably.
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In zone Q 1 an oak forest with some stands of Carpinus seems to have been

present in the area. The absence of Pistacia and Juniperus points to a rather

closed type of forest. This oak forest changed into an oak-pine forest during

zone Q 2. The presence of pollen ofboth Pinus sylvestris and Pinus nigra provides

an indication of the composition of this forest.

In zone Q 3 the Pinus forest changed into a more open type of forest in which

Juniperus, Pistacia, Quercus ilex and Q. coccifera were important constituents.

In this open type of vegetation Artemisia and Chenopodiaceae become more

important during zone Rl. In zone R2, climatic changes allowed the re-esta-

blishmentof the oak-pine forest. In zone R3the vegetation cover was once more

of a more open character. This may be concluded from the presence of Helian-

themum, Juniperus and Ephedra, and from the very low percentages of arboreal

pollen. This open vegetation changed into a Quercus-Pinus forest during zone

Sl. The presence of Tilia, Ulmus and Corylus suggests a rather warm and humid

type of climate. This forest in the course of zone S 2 changed into an oak forest

with an admixture of some Corylus. In this Quercus forest stands of Carpinus

developed; during zone S 3 also a few beeches were present in the area. In

zone S3b this Quercus-Carpinus-Fagus forest changed into a forest-type in

which Abies, Picea, and Pinus nigra occurred.

In the last zone (S 4) an Quercus-Pinus nigra forest was succeeded by open

Artemisia-Chenopodiaceae vegetation in which Ephedra and Plantago occurred.

This open vegetation type changed into a Pinus-Quercus forest by the beginning

of zone U. The presence of Pistacia, Sanguisorba and Quercus ilex suggests a

rather open character of this woody vegetation.

In U 2 this rather open forest changed into an oak forest with Carpinus, the

presence of Tilia, Corylus and Ulmus suggesting a rather warm and humid

climate. The presence of Cistus leads to the conclusion that this forest was not

very dense. In the last part of zone U this oak forest was replaced by an open

pine forest with stands of Juniperus. According to the pollen record, Pinus nigra

must have been an important constituent of woody vegetation in this area.

In the zones V, P and X the chief componentof the tree cover is Pinus nigra.

Only in zones P 3 and P 5 some oak is present, but the lower percentages of

arboreal pollen do not warrant the postulation of the occurrence of a forest

cover in the area at that time. The continuous representation of Juniperus,

Artemisia, Chenopodiaceae, Ephedra and Xanthium can be explained by sup-

posing a steppe- or savanna-like character, more or less according to the

relative importance of stands of trees. For specific details of this type of vege-

tation, compare table l,fig. 2. During the deposition of zone Y, pine-oak stands

established themselves again in the area, but these stands did not form a closed

forest canopy. Artemisia and Chenopodiaceae gradually became less important

constituents of the vegetation cover, but Ephedra and Xanthium were still

present.

During zone Y2, Quercus ilex became more frequent and Pinus was not so

well represented. From the presence of Vitis, Pistacia and Sanguisorba the oc-

currence of a rather open type of forest may be concluded. The continuous
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presence of Juniperus also leads to this conclusion. In zone Y 3 this type of open

forest vegetation changed for the last time into open Artemisia-Chenopodiaceae

vegetation, but Juniperus and Pistacia could maintainthemselves in the area.

During zones Z 1 and Z 2 open Quercus ilex-Pistacia Juniperus vegetation was

present in the area. This rather open type of vegetation changed into a forest in

which Quercus coccifera was well represented. This type of forest was present

during Z 3 and Z4, at first with an admixture of Corylus to be followed by an

Ostrya- zone.

During the period Z 4 the vegetation cover assumed a more open character

judging from the increasing percentages of Ericaceae.

In zone Z 5 this open character became more pronounced by the presence of

Rhus and Pistacia and by the higher pollen percentages of Erica cf. arborea and

Arbutus unedo.

For a summary of this chapter, see fig. 2. From this series of vegetational

changes it becomes evident that open Artemisia-Chenopodiaceae vegetation was

not always bordered by the same typeof arboreal vegetation during the develop-

ment of our sequence (see table 2). From this table it is evident that we have

three types of border vegetation:

a. one in which Quercus formed the chief compound;

b. one in which Quercus mixed with Pinus formed the border, and

c. cases in which Pinus woodlandalone formed the border.

From these facts we may conclude that it is not the temperature or the

humidity alone which is decisive in this connection. The table shows that three

different types of arboreal vegetation penetrate into the open Artemisia-

Chenopodiaceae zone, viz..

a. open Quercus ilex-Pistacia-Juniperus vegetation;
b. Quercus sessiliflora-Quercus pubescens vegetation;

c. Pinus nigra-Pinus sylvestris vegetation.

In order to explain the sequences observed in our diagram we must keep in

mind that Quercus ilex is not very frost-resistant. Pistacia is also indicative of an

almost frost-free climate (Rivas Goday 1956). The combination of trees men-

tioned sub (b), on the other hand, has a greater tolerance to lower temperatures,

but requires more humidity. Situated at higher altitudes than these two oak-

belts, which do not differ so much from each other in temperature toleranceas

in humidity tolerance, lies a pine belt. Pinus nigra and Pinus sylvestris, amongst

others, are important trees in this belt. At this transitional zone from oak belt

into pine belt, temperature changes must have been more important thanchanges

in humidity.
In this pine forest and in the two types of oak forest open vegetation with

Artemisia, Chenopodiaceae and grasses can most probably be established by a

lowering ofhumidity as follows from a short literature survey. BraunBlanquet

(1961), for instance, gives an example of Artemisia-Ephedra vegetation in which

Quercus pubescens can establish itself. Wendelberger (1956) gives also many

examples of stands of the Quercetum pubescens in contact with open Artemisia-

Gramineae vegetation.
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Pollentypes at boundary with open Artemisia,Chenopodiaceae vegetation

Table11

z 1 Quercus ilex. Juniperus, Pistacia

3 open Artemisia, Chenopodiaceae veg.

Y 2 Quercus ilex. Juniperus, Pistacia

1 Pinus cf. nigra , Quercus

5 -open Artemisia, Chenopodiaceae veg.

L, Pinus cf. nigra

X 3 open Artemisia, Chenopodiaceae veg.

2 Pinus cf. nigra

1 open Artemisia, Chenopodiaceae veg.

7 Pinus cf. nigra

6 open Artemisia, Chenopodiaceae veg.

5 Pinus cf. nigra

P U open Artemisia, Chenopodiaceae veg.

3 Pinus cf. nigra

2 open Artemisia, Chenopodiaceae veg.

1 Pinus cf. nigra

V

3 open Artemisia .Chenopodiaceae veg.

2 Pinus cf. nigra

U 1 Pinus cf. nigra .Quercus ilex

T open Artemisia. Chenopodiaceae veg.

S U Quercus sessiliflorae.Q.ilex ,
Pinus cf. nigra

S 1 Quercus , Pistacia

R 3 open Artemisia, Chenopodiaceae veg.

R 2 Quercus sessiliflorae.Q.ilex

1 open Artemisia, Chenopodiaceae veg.

Q 3 Quercus ilex
,
Pistacia, Pinus cf.nigra
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The transitionfrom stands of Quercus ilex to open Artemisia-Chenopodiaceae

vegetation is described in Rikli (1943) from Spain (see also Salvador Rivas

Goday 1956). Troll (1941), gives an example of pine vegetation in contact

with an Artemisia-Chenopodiaceae belt.

From this survey it seems obvious that under natural conditions Artemisia-

Chenopodiaceae vegetation is competing with different types of arboreal

vegetation, which arboreal vegetation is apparently determined by climatical

and microclimatical factors. In order to illustrate the interdependence of all

these factors the following scheme (fig. 5) is given. By changing temperature and

humidity separately or jointly it is possible to explain the changes in the vege-

tation cover observed in the diagram. This scheme may eventually give us an

indication of the climate prevailing during the successive zones observed in the

diagram, but before we can solve this problem, a more precise identificationof

the Artemisia species and Chenopodiaceae taking part in the formation of the

particular type of open Artemisia-Chenopodiaceae vegetation will be necessary.

5. ABSOLUTE AGE DETERMINATIONS

At the 14C laboratory of the Groningen State University, up to now three

samples from the 1964 boring have been dated. Furthermore the dating of the

first three samples was available from a former drill-hole situated at a distance

of about 50 m from the new drilling site. These samples yielded the following

results:

Fig. U. General Diagram
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GR.N. 4182 depth 4.30 age 7.850 ± 50 B.P.

GR.N. 4183 depth 6.25 age 14.600 ± 200 B.P.

GR.N. 4184 depth 15.60 age >40.000 B.P.

GR.N. 1467a depth 9.50-10 age 22.640 ± 165 B.P.

GR.N. 1467b depth 11.00-11.50age 28.840 ± 300 B.P.

GR.N. 1467c depth 13.50-14 age 34.770 ± 580 B.P.

With these datings it was possible to make an estimation of the age of the

pollen zone boundaries in the first 18 metres.

(See table 3).

6. THE AGE OF THE POLLEN ZONES AND CORRELATION WITH OTHER

AREAS

In order to be able to correlate the data with those obtained in other areas it is

necessary to establish criteria by which the stadial, interstadial, or interglacial

character of our vegetational units can be recognised. This leads to the follow-

ing description:

Interglacial: period in which in our area a forest was present with a clear-cut

zonation and many thermophilous and moisture loving elements (Quercus

pubescens
,

Quercus sessiliflora, Carpinus, Fagus, Tilia, Ulmus, Abies and Picea).

Interstadial: either an open arboreal vegetation in which at least Quercus ilex.

Pistacia and Juniperus were important, or a pine forest was present in the area,

which of the two depending on the prevailing average temperature in the area.

Stadial: Open Artemisia-Chenopodiaceae vegetation.

Subsequently criteria can be derived from the vegetation types occurring in

zone Z, which is an interglacial according to the 14
C dating, and from the vege-

tation types occurring during the deposition of zones Y 2 and X4, periods

which can be correlated with other interstadials according to their 14C dating

(see below). The first pollen zone Q belongs to the last interglacial but one.

This could be deduced fromfig. 4, a diagram in which the sample distance was

about 1 m. This diagram shows that periods with forest vegetation were suc-

ceeded by periods in which open vegetation was more important. The periods in

which such elements as Carpinus, Fagus, Tilia and Fraxinus were present must

have had a climatic type which was not very much different from that of the

present time. From fig. 4 it is clear that zone Q belongs to such a period in

Table III

Zl--Y 3
-
-10.500 B.P. P7--P6--30.000 B.P.

Y 3--Y 2c--10.900 B.P. P6--P5--31.840 B.P.

Y1--Y2a--13.500 B.P. P5--P4-33.000 B.P.

X5--X4 --16.600 B.P. P3--P4-34.770 B.P.

X U) -X4 --20.000 B.P. P3--P2--37.000 B.P.

X2--X3
-
-22.000 B.P. P2--Pl--39.000 B.P.

X2--XI --23.750 B.P.

XI--P7 -30.000 B.P.
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which a forest with taxa such as Carpinus etc. existed and had, therefore, an

interglacial character according to our definition. It seems, accordingly, logical

to correlate zone Q with the last interglacial but one, the Eemian. The zones

preceding Z consequently belong to the Weichselian.

In the first part of the Weichsel glacial a series of interstadials have been

reported: from Amersfoort (Zagwijn 1961); from Brorup (Andersen 1961)and

from Odderade (Averdieck 1967). The climate of the Amersfoort interstadial

seems to be somewhat less mild than during the Brorup stage (Frenzel 1967),

whereas during the Odderade interstadial the climate was somewhat interme-

diate between the Brorup and the Amersfoort. In our section shown in fig. 2

there are three fluctuations in which a forest had established itself after an

ameliorationof the climate (compare zone R2, zones SI, S2, S3 and zone U2;

in the interval of zone R2 the amelioration was of shorter duration than in the

other two zones. For these fluctuationsof interstadial character the local names

of Doxaton, Drama and Elevtheropolis were proposed. For the correlation

with N.W. Europe two alternatives are given.

Elevtheropolis Odderade Brorup

Drama Brorup Amersfoort

Doxaton Amersfoort unknown in W-Europe

Further research is needed to solve this problem, but for the time being the

first correlation is preferred.

For the two fluctuations in zone P the name Fleraklitsa interstadial is chosen.

This interstadial can be divided into two stages, Heraklitsa 1 and Heraklitsa 2.

With the help of the sedimentationrate, this interstadial can be dated as between

42.000 and 39.000 years B.P.

In N.W. Europe, too, an interstadial is known in this range (Van der Ham-

men c.s. 1967), the Moershooft.

The next interstadial P3 is also divided into two periods and lasted from

Fig. 5. Relation between vegetation and climate.
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39.000-35.000 B.P. This interstadial is locally called the Kalabaki interstadial.

When we look at these provisional datings a close correspondence is noted with

a series of 14C datings given by Van der Hammen et al. for the so-called Hengelo

interstadial, which was estimated as between 39.000 and 37.000 years B.P.

The next amelioration of climate took place between 33.000 and 28.000 B.P.

according to the rate of sedimentation. This also] coincides with an inter-

stadial in N.W. Europe, the so-called Denekamp interstadial (see Van der

Hammen et al.). Locally this period is called the Krinides interstadial, sub-

divided into Krinides I and Krinides II.

Another fluctuation is found between 9.50 m and 10.20 m, which is locally

referred to as the Photolivos interstadial. This took place between 22.000 and

23.750 years B.P. In N.W. Europe no equivalent of this interstadial is found. It

seems to be present in France, where it is called the Tursac interstadial (Gour-

han 1968). During the deposition of pollen zone X one major fluctuation

occurred between 16.000and 20.000 years B.P. (the Philippi interstadial). The

date of 16.000 B.P. agrees fairly well with the end of the Lascaux interstadial

(Gourhan 1965), and therefore, a correlationof Philippi interstadial with thatof

Lascaux is plausible. The next amelioration of climate took place in zone Y2

when an open oak-forest had established itself in the area around the Tenaghi

Philippon. This period falls between ± 13.500 and 10.900 B.P. Locally it is

called the Xanthi interstadial, which must be correlated with the Allerod-

Bolling interstadial occurring elsewhere.

The beginning of zone Z falls at 10.000 B.P. and coincides with the beginning

of the Holocene. We will not attempt to a subdivision of the Holocene until

more
14C datings are available. In the paperon the stratigraphy ofthe last glacial

in the Netherlands by Van der Hammen c.s. (1967), the combined levels and

stratigraphical units Late Glacial - Upper Pleniglacial, Middle Pleniglacial and

Early Glacial were recognized. The diagram from Greece under discussion

indicates that these units can also be recognised in the Drama area.

In zone R till the end of zone U the periods with forest vegetation were of

longer duration than the periods with open vegetation, and the percentages of

Artemisia and Chenopodiaceae amount to 5-10% during the woodland phases.

This period can be compared with the Early Glacial. In the next period (zone V)

open vegetation was present in our area. This is the first time Artemisia and

Chenopodiaceae contributed appreciable percentages to the pollen rain. This

period could be compared to the Lower Pleniglacial of the above-mentioned

authors.

In zone P a rapid succession of open forest and open Artemisia - Chenopo-

diaceae vegetation is present. This period might be compared to the Middle

Pleniglacial.

During zone X a dry open vegetation prevailed and this phase corresponds

with the Upper Pleniglacial. The boundary Upper Pleniglacial -
Late Glacial

is lying at the level where the percentages of Artemisia start to fall off. In N.W.

Europe this boundary is placed where these percentages commence to rise

(Van der Hammen 1964). The boundary Late Glacial
-

Holocene is placed at
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the beginning of the rise of the Quercus- curve after the last Artemisia-Chenopo-
diaceae rise of zone Y3.

7. CONCLUSION

In this diagram no indication of a hiatus can be found and consequently it

seems to represent the first uninterrupted diagram of the Weichselian. In the

second place no indication has been found ofthe occurrence of forest vegetation

during the Weischselian. In this period a lowering of temperature and a lower-

ing of humidity is highly probable. Furthermore, the succession in this area is

readily comparable to that found in N.W. Europe.
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Note:

From the C14 Laboratory of the State University of Groningen the following dates were

obtained after the manuscript was finished:

TF 3 16.360 ± 90 BP depth 7.30 m

TF 4 17.580 ± 100 BP depth 7.95 m

TF 5 32.010 ± 320 BP depth 12.75 m

TF 6 42.210 ± 1195 BP depth 15.25 m

TF 7 45.760 ± 1390 BP depth 16.25 m

TF 9 47.670 ± 2700 BP depth 16.75 m

TF 10 53.300 ± 3300 BP depth21.75 m

These dates confirme the suggested correlation in table I with N.W. Europe
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TENAGI PH1L1PP0N II
Table I

Correlation
Local names of Interstad. withNW.Euro P

Absolute

Ages/
C14 Character of vegetation

5 Schlibjak.Rhus, Arbutus unedo

Pistacia.Quercus .

A

-5000

more open oak forest with some

Abies?

c <D fbstrya zone

Z
3 b

a

<U

U

o

o

oak forest with < Fraxinus zone

(Corylus zone

2 b

-10000

-10.300

-10.900

-13.500

-14.600

-16.600

oak forest with some Pinus

1 a open oak forest with

3 YounqerDryas ,rd open Artemisia,Chenopodiac.veg.

Y 2
c

b

a

Xanthi
Allerad/

Balling
complex

i9
CD

OJ

ro

Pistacia

open oak forest with y|t^perus

_Ulmus ,
Sanguisorba.

1 Older Dryas Pinus.Quercus inopen Art.Chenop.veq.

5 open Artemisia.Chenopodiaceae
vegetation.

X

A b

a

Philippi Lascaux
(0

u

03

c -20.000

-22.000

-22.640

■23.750

open Artemisia.Chenopodiaceae
vegetation,

with stands of Pinus cf.nigra.

3

<L)

O.

<L)

openArtemisia.Chenopodiaceae
vegetation.

2 Photolivos Tursac

CL

CL

Z)

Pinus cf.nigra bushes in open

Artemisia.Chenopodiaceaeveq.

1

z

-28.800

-28.840

open Artemisia.Chenopodiaceae
vegetation.

7 Krinides II Denekamp D
Pinus cf.nigra bushes in open
Artemisia. Chenopodiaceae vea.

6

<
30.000

-3Q500

-31.840

-32.010

-33.000

-34.770

-35.000

-37000

open Artemisia.Chenopodiaceae
vegetation

some Juniperus.

5 Krinides I DenekampI
03

Pinus.Picea omorikoides.Juniperus,
Ephedra: open forest.

A

u

03

CD

'c

open Artemisia.Chenopodiaceae
vegetation.

P

3|
o

jpl

a)

Kalabaki I

Kalabaki II

Hengelo

complex
_J

<u

CL

l_

(U

c

Pinus n. and oak bushes | in

1 open Art.

Juniperus.Ephedra > Chenop.
Pinus n.andoak bushes)

2 open Artemisia.Chenopodiaceae
veaetation.

1

c

F

a

Heraklitsa I

Heraklitsa 11

Moershoofd

?

LU
stands ofPinus n.in open ArtChenop

veg.

stands of Pinus n.in openArtChenop
veg.

3
CO

open Artemisia.Chenopodiaceae
vegetation.

V

2

1

c

b

a

c

b

a

X

o

Lower

pleniglacial
openArtemisia and Chenopodiaceae

vegetation stands of Pinuscf.nigra

Juniperus.

3
Pinus n. with Juniperus,with open

vegetation.

u
2

b

a
Elevtheroupolis Odderade

—

■53.000

oak.Carpinus,Tilia,Ulmus forest.

1
open Pinus.Quercus vegetation
with Pistacia .Sanguisorba.

I

UJ

open Artemisia.Chenopodiaceae
vegetation in which Ephedra and

Plantago were present.

A

glacial
oak.Pinus forest

3

b
$ Pinuscf.nigra, Abies forest.

s

a Drama Brarup
oak.Carpinus forest. Fagus.

2 Early oak forest with Corylus

1
Quercus.Pinus forest with Tilia,
Corvlus and Carpinus.

3
open Artemisia, Chenopodiaceae

veg. with Ephedra, Juniperus.

R

2 Doxaton Amersfoort dryopenQuercus shrub with

Helianthemum.Xantiumon the open.

1 openArtemisia.Chenopodiaceae
vegetation.

3
rather open forest in which Quercus

Juniperus and Pistacia were p^nt

Q
2 Eemien

Pinuscf.nigra forest and Pinus

silvestris with some Quercus.

1 oak forest with Carpinus.

■5.000_ calculated
ages

-14.600_aae according C14 method
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