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PREFACE

In 1928 Knup Jessen and V. MiLtHERS published their monumental study of inter-
glacial fresh-water deposits in Denmark and Northwest Germany. This work, the
palaeobotanical part of which was carried out by K. JEsSsEN, continued the tradition
established by N. Hartz, in 1909. However, its pollen-analytical part represented a
pioner work still of great importance for studies of Pleistocene stratigraphy in Northern
Europe.

With the progress of pollen-analysis during the past 30 years it became clear that a
re-study of our interglacial deposits especially using this technique would be desirable
and promising, and it was with high expectations that the present author in 1954
undertook this project. In the years 1954 to 1959 the work was supported by the Danisu
StaTE RESEARCH Founpation and the GEOLOGICAL SURVEY OF DENMARK, since 1959 by
the latter institution alone. The present publication comprises only the new studies of the
“Upper Temperate Stage” of the Last Interglacial as described by JesseEn and Mir-
THERS. A re-study of this problem seemed especially desirable, and the author believes
that the information obtained now is representative, and that a publication of the
detailed results is useful.

Travels to England, Switzerland and Norway have been supported by RASK-ORSTED
FonpET and ApoTHEKER P. C. N. FRIDERICHSENS LEGAT.

I thank Professor Knup JESSEN, Director H. Opuwm, and State Geologist Jons. IVERSEN
for promoting the project, and especially Dr. IverseN for his stimulation of the work.

Colleagues at the Geological Survey have offered valuable help, first of all the late
State Geologist KeLp MiLthers. I thank State Geologist W. CurisTENSEN and Chemist
K. SkoussorL Hansen for the chemical analyses, and discussions of the resulls.
C. WESTERGAARD has offered excellent assistance with the photographic work. Special
thanks go to the boring team of the Geological Survey, with whom I have spent many
rainy and wind-swepl days, especially to J. Spane NIELSEN, boring master. His careful
and accurate work created a foundation for the entire study.

Numerous recent pollen samples have been collected at the Boranicar Museum
orF THE UNIVERSITY OF COPENHAGEN.

Miss INGEBORG FREDERIKSEN has drawn the complicated profiles and pollen diagrams.
Her skill and care have been invaluable.

I gratefully acknowledge the cooperation of the late Professor H. pe Vries, Gro-
ningen, Professor E. S. DeEevEY jr., New Haven, and H. TAUBER, civil engineer,
Copenhagen, in carrying out the radiocarbon dates mentioned in chapter VIII.

Dr. Joun Franks of the University of Manchesler has helped invaluably in correcting
the English manuscript.

The English manuseript was completed June 1960.

Geological Survey of Denmark, 16. November 1960.

SvEND TH. ANDERSEN
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ABSTRACT

The present work deals with the layers found above certain Eemian Interglacial
fresh-water deposits in Denmark. Earlier investigations at these sites had indicated a
“Lower Temperate Stage’” and an ““Upper Temperate Stage’ separated by clay layers
(““Middle Bed™). The existence of an upper temperate stage has been doubted by some
authors. The “Lower Temperate Stage” is now usually considered the Eemian Inter-
glacial, and the post-Eemian layers have been referred to the Last Glacial of Northern
Europe, or the Weichselian Glacial, which may be defined as the time interval, which
separated the Eemian Interglacial from the Postglacial.

Methods of investigation are described in the chapters II-1I1. The basis for establishing
the pollen diagrams is discussed, and it is maintained that the pollen zones should be
considered bio-stratigraphic units. Problems in the identification of pollen grains and
spores are discussed, and selected identifications are mentioned briefly. Statistical
observations are mentioned in a special part.

Chapter IV deals with the individual sites investigated, and their sediments and
pollen diagrams. It can be shown that certain layers earlier referred to the ““Upper
Temperate Stage” contain abundant plant fossils rebedded from the Eemian Inter-
glacial layers, but layers of interstadial character also occur. The segregation of the
secondary (rebedded) elements in the fossil floras, and zonation of the pollen diagrams
are discussed.

The chapter on the earlier vegetation and its environment includes a discussion of
various problems in palaeoenvironmental analysis. The vegetation and indications of
temperature, precipitation and soil conditions in the various pollen zones are discussed.
A list of remains of higher plants referred to the pollen zones is presented with indica-
tions of their probable primary or secondary status. The primary flora is compared
with the Danish Late-Glacial flora.

The chapter on climatic development and chronology deals first with principles of
Pleistocene chrono-stratigraphy. The author supports the opinion that climatic changes
may serve as chronological limits. Glacials and interglacials constitute main stages,
and stadials and interstadials are considered substages within the glacials. Vegetational
succession and climatic changes within the sequence studied are summarized in table 24
(p. 115). The limit between the Eemian Interglacial and the Weichselian Glacial is
distinguished as a large decrease of temperature. The Rodebzxek and the Brorup Inter-
stadials, two interstadials within the early Weichselian Glacial, are delimited by
temperature changes. Some of the layers earlier referred to the “Upper Temperate
Stage” mentioned above belong to the Brorup Interstadial.

The probable composition of the vegetation in Northern Europe in the early Weich-
selian Glacial is mentioned. A development similar to the Danish sequence occurred
in the Netherlands, and various plant-bearing deposits from Germany, Poland and
England can be correlated with these sequences.

Finally, radiocarbon dates are mentioned. The Amersfoort (Rodebzk) Interstadial
is dated at 64 000 years before present, and the Brorup Interstadial at 59 000 years
before now. Other “‘old” dates from Germany, England and Italy are mentioned.
The results corroborate EmMILIANI'S palacolemperalure curve.



I. INTRODUCTION

Knup JEsseEN and V. MiLTHERS!) in their survey of interglacial freshwater deposits
in Jutland and Northwest Germany (J&M 1928), presented pollen diagrams from
2 sites in Western Jutland from the Penultimate Interglacial, and from 13 sites, which
could be dated to the Last Interglacial with certainty. These authors showed that
similar vegetational successions characterize deposits of similar age in North Germany.
It appeared that each interglacial had its own characteristic succession, and pollen
analysis thus proved to be a useful tool for the dating of late Pleistocene pollen bearing
deposits. Later investigations have demonstrated the validity of the principle of regional
parallelism for interglacial pollen diagrams from Northern Europe (see especially
surveys by Gams 1935, SELLE 1941, 1953 a, WorpstEDT 1949, 1950, 19544, VAN DER
VLERK and FrorscuiTz 1953, Szarer 1953, Dyakowska 1959, Grrrcauk 1955, and
works by WEesT 1956, 1957, Duican 1956, JESSEN, ANDERSEN and FARRINGTON 1959,
Wartts 1959). The pollen analytical investigations have also confirmed the reference
of the Eem marine transgression to the “Lower Temperate Stage” of the Last Inter-
glacial (cp. the works quoted above).

J&M (1. ¢.) included the “Upper Temperate Stage” at Herning into the Last Inter-
glacial, but they did not succeed in demonstrating such a stage outside of Denmark.
Climatic oscillations post-dating the Eemian Interglacial have been demonstrated from
a number of fields now, but no later investigations of post-Eemian sequences from
Northern Europe have revealed clear indications of a warm stage with a vegelation
and flora similar to that of the “Upper Temperate Stage’” at Herning, which was
characterized by high frequencies for the pollen of Quercus, Corylus and Alnus, (see
chapter VII). Hence, only the interval represented by the “Lower Temperate Stage”
at Herning (corresponding to the pollen zones c¢-h of the classic pollen diagrams of
J&M) is now usually considered to represent the Eemian Interglacial, and the following
stages have been referred to the Last Glacial of Northern Europe (Tubantian, Weichse-
lian, Baltic or Waldai Glacial, cp. WoLpsTEDT 1949, 1953, and later, SELLE 1952,
1953 a, van DER VLERK and FrorscuuTz 1953, FLorscHUTZ 1957, VAN DER VLERK 1955,
1957, 1959, Szarer 1953, DyakowskA 1959, ZeuNeRr 1954, GrrrcHUK 1955, VON DER
BreLIE 1955)2).

The lack of a stage that resembles the “Upper Temperate Stage’ from Herning has
been explained by reference to experiences from elsewhere that such a horizon may
consist of rebedded interglacial material. Thus Trnomson (1941) in a pollen study of
the interglacial at Ringen, Esthonia, observed that the covering layers contained material
derived from the interglacial deposit itself. Later Tromson (1951) found similar
conditions at the interglacial profile at Wallensen, Germany. Here pollen and spores
from plants typical of the flora of the interglacial deposit such as Carpinus, Alnus,
Quercus, Picea and Osmunda re-appear in the covering mineral layers together with

1) For convenience these authors will be abbreviated J & M in the following.
2) “Weichselian Glacial” will be used in the following for the cold interval which separated
the Eemian Interglacial from the Postglacial (see also p. 114).
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pollen of definitely Tertiary age. TnomsoN (L. ¢.) recognized these upper layers as re-
deposited material brought into the basins by periglacial erosion during a following
cold interval, and mentioned the possibility that the “‘upper temperate horizon™ at
Herning and other sites described by J&M had formed in a similar way (cp. also
WorpsteEpT 1949 and later).

Conditions similar to those from Ringen and Wallensen are known from the famous
interglacial deposits at Hoxne in East Anglia, England, too. During the investigations
of REm (1896) a bed of clay mud (bed C) with fruits and leaves of arctic as well as
temperate plants had been found above the interglacial deposit. Rem (l. ¢.) assumed
that this layer had formed during an arctic interval, and that the remains from temperate
plants had been derived by erosion of older deposits, an opinion, which was confirmed
by the studies of WesT (1956). According to WesT (1. ¢.), MoIr’s concept of an “‘upper
temperate horizon” was based on a misinterpretation of weathered marginal parts of
the interglacial deposit proper. Based on his own and REID’s observations from the
sequence at Hoxne WEsT (l. ¢.) also advanced the opinion that the “‘upper temperate
horizon” at Herning and other sites in Jutland could have formed by periglacial
erosion processes similar to those having taken place at Hoxne.

Improvements of the technique of pollen analysis during the past 30 years made it
clear that a revision of the results of J&M was desirable. The improvements of special
significance for the present problems are the introduction of the HF-technique, which
makes it possible to obtain saticfactory pollen spectra from deposits of clay and silt,
a realization of the significance of non tree pollen, and the discovery that the pollen
found in predominantly mineral sediments may be contaminated with pollen derived
from older deposits (cp. especially IvErsEN 1936a). To this may be added that con-
fidence in the potentialities of pollen analysis to reflect the character of earlier vegeta-
tion and its environment has increased substantially. Especially the interpretation of
the relationship of pollen representation and environmental factors in the Late-Glacial
(cp. especially IVErRsEN 1954) is important for an understanding of the present problems.

Another point of improvement is the boring technique. The deposits in question are
difficult to sample, and J &M (1. ¢.) themselves expressed discontent with the technique
available, which did not allow sampling at close intervals. Furthermore, the technique
did not allow recovery of the samples in an undisturbed condition, a fact which was
a disadvantage in the description and interpretation of the sediment sequences.

The “*Upper Temperate Stage’ is not represented in the pollen diagrams of J&M (I.c.)
in detail. It appears also that rebedded pollen may be present in some of the strata.
Deposits formed at the end of an interglacial and in a following cold interval are
especially likely to become contaminated in such a manner, as pollen may have been
washed out not only from the boulder clays, but also from the interglacial land surface
and from interglacial deposits within the local basin. A source of rebedded macro-
fossils would also be immediately at hand.

Preliminary accounts of the present investigations have appeared in ANDERSEN
(1957a) and in ANDERSEN, DE VRIES, and Zacwnn (1960). The investigations were
concentrated on the interglacial sites at which the “Upper Temperate Stage” was
represented according to the investigation of J&M (1928), namely Brorup Hotel Bog,
Rodebak I, Herning and Norbolling. New borings have also been carried out at the
site Solso. At the sites mentioned the strata described by J&M could be re-identified.
The investigation of the Eemian Interglacial layers has not been finished, and only
the sequences above them have been examined in detail. Evidence of a rise of the
water table at the end of the Eemian Interglacial was found (cp. also J&M 1. ¢.), and
at all of the sites investigated the mineral strata found above the interglacial layers
were deposited in water in the central parts of the basins. Their marginal parts were
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often developed as solifluction deposits. It appears, accordingly, that allochtonous
material may have been brought into the basins partly by wave erosion of marginal
deposits, partly by washing or sliding into the lake of surface material from the area
ajacent to it. Both of these sources of rebedded material have become destroyed by
the erosion, and the pollen and spore content of the rebedded material cannot be
determined immediately.

During the new investigations the profile from Brorup Hotel Bog has proved to
offer an unusually complete record of the development during the early Weichselian
Glacial. At this site rebedded pollen is absent or scarce in the layers that represent
the pollen zones W 1 and W 3-5 (see below p. 16), but in zone W 2, which is represented
by principally mineral layers, rebedded pollen is obviously present, and a separation
of primary and secondary pollen is necessary if information aboul the contemporary
vegetalion is to be reached. Obvious difficulties exist, however. IVERSEN’s method for
a calculation and deduction of secondary pollen in Late-Glacial deposits (1936 a)
depends on a knowledge of the pollen content of the source of erosion and cannot be
used here. A more indirect method has been used as objectively as was possible, and some
results have been reached, but the method may seem elaborate. At the other sites
mentioned the contamination with rebedded material has proved to be severe, and
within these profiles reliable results could be obtained only for relatively short time
intervals.



II. METHODS

SamMpPLING TECHNIQUES

The new borings were carried out in 1954 to 1958. As they were carried out at the
sites already surveyed by J&M 1928 (cp. above, p. 10) the borings could be placed in
such a manner, that the most representative parts of the sediment series were penetrated.
Furthermore, the sampling was carried out at such parts of the profiles, where the
layers described by those authors could be re-identified. The separation of strata could
usually be carried out in more detail. New sections based on bored profiles were
established at Rodebzek I and at Herning. At Rodebak I the section is nearly identical
to the previous ones. At Herning a few revisions occur (cp. p. 68).

The sampling was carried out with a core sampler. The cores were taken in advance
of a lead pipe, which was cleaned completely of loose material before each core was
sampled. The sampling tubes were 14 cm. long and 4 cm. wide. Usually cores at a
length of 10-13 cm. were taken, depending on the hardness of the sediment. In most
cases only 1-3 cm. of sediment were lost between the cores. Only sands and gravels
without a fine-grained fraction could not be sampled.

The sampling method used has secured undisturbed samples of high purity, but the
samples obtained were rather small. As material had to be saved for chemical analysis,
radiocarbon measurements, or other purposes, the amounts available were too small
for macrofossil analyses, especially as the sediments encountered were rather poor in
such fossils. J&M (1. ¢.) in their investigation analyzed much larger amounts of material
from identical layers, and their results have been relied upon, as far as possible.

Samples for radiocarbon dating by the enrichment method (cp. HARING, DE VRIES
and pE VRIES 1958 and p. 131) were obtained from the uppermost peat layers at Brorup
Hotel Bog (BP 1a and BP 2, STA, cp. p. 47) with a larger core sampler. The diameter
of the cores was 10 cm. in this case. The sampler worked satisfactorily only in soft
deposits, and it was not generally useable.

In some cases it has been possible to reach the deposils concerned by excavations,
but long profiles have not been accessible.

DESCRIPTIONS OF THE SEDIMENTS

The sediment sequences will be described in chapter IV. The layers subjected to a
closer analysis have designations of sediment components indicated according to the
system proposed by TRoEeLs-Smrti (1955, slightly modified). Symbols for the sediment
components have been used in the profile drawings as in TroeLs-SmrTH (1. c., slightly
modified). Abbreviations and symbols for the sediment components are indicated on
plate V.

The classification of sediments according to TroeLs-Smrra (l. ¢.) is based on the
relative proportions of the volumes of the components. The degrees of proportions are
usually sufficiently coarse for an estimate in the field or during preparation of the
samples for pollen analysis (see p. 15).
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In certain cases it has been important to know the amount of allochtonous mineral
matter more exactly. As silicates dominate the mineral proportion of the samples (for
details, see chapter IV), the content of allochtonous minerals could be estimated by
determinations of mineral versus organic content.

Organic content was determined as loss on ignition and by determination of ““humus”
content. The determination of loss on ignition can be carried out even on very small
samples, and is used widely as a measure of organic content. In addition to organic
matter, CO, derived from carbonates, S from ferrosulfides, and chemically bound
water enter this quantily. Carbonates and ferrosulfides are virtually absent in the present
cases (see pp. 48 and 69), but chemically bound water constitutes an unknown factor
within the loss on ignition. For control, the “"humus’ determinations were carried out
on larger samples. The C content was determined by wet combustion with dichromate,
and the “humus’ content calculated according to the methods described by BoNDORF
(1945). The calculation factor (x1.72) used by Bonporr (L. ¢.) is presumably some-
what too small in the present cases (cp. HaNseEN 1959). Pairs of determinations of
organic content by the two methods just described are shown in table 1.

Table 1. Determinations of the loss on ignition
and “humus’ content (see the text).

‘The figures indicate percentages of the dry weight.
Bestemmelser af gledetab og ““humus’-indhold
(se teksten).

Tallene angiver procenter af torvaegten.

Loss on “Humus”’
ignition content
Brorup Hotel Bog: 13% 8%
21 14
24 22
32 27
46 37
81 73
90 84
Herning: 9.1 1.4
17 8.1
18 6.4
22 12
24 16
31 24

The figures in table 1 show that the relative differences of the results arrived at by
the two methods are largest in the cases with a high mineral content, where chemically
bound water is of greatest influence. The determinations are shown graphically in
fig. 1.

It may be concluded with regard to this material that the true organic content is
approximately intermediate between the figures reached by the determinations of the
loss on ignition and the “humus’ content, and that it differs from these figures by only
a few per cent. The detailed results of the determinations will be discussed in chapter IV.

The main part of the mineral matter must be assumed to have been transported into
the lakes. Its proportion in the sediments must have depended on wave erosion, extent
and rapidity of affluents, extent of superficial erosion within the catchment area, and
on the intensity of organic production in the lakes. Material transported by wind
could not be demonstrated in significant quantities. Figures for the mineral content in
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Fig. 1. Correlation of loss on ignition and ‘““humus’ content in the samples from Brerup
Hotel Bog (@), and from Herning (A), in percentages of the dry weight.
Korrelation af gledetab og ,,humus** indhold i prever fra Brorup Hotel Mose (@) og fra
Herning (M), i procent af tervaegten.

similar sediments in present-day Danish lakes may be found in Hansenx (1959).
Autochtonous peats very often contain little or no mineral matter. FREy and StanL
(1958) have shown that the production of organic matter is low in arctic lakes (cp. also
FierpINGsTAD 1954, FrREY 1958), and predominance of mineral sedimentation in lakes
in connection with a cold climate is well known for Late-Glacial profiles. LIVINGSTONE
(1957) has shown for Linsley Pond in Eastern United States that an excess of mineral
content (loss on ignition less than 159;) in the deepest layers was due to allochtonous
influx in connection with lack of forest and a cold climate.

A high mineral content may be connected with presence of rebedded pollen and
spores. IVERSEN (1936 a) showed for Late-Glacial sediments that there may be a close
correlation between their content of allochtonous mineral matter and the occurrence of
rebedded pollen and spores. In the material discussed here it must be supposed that
interglacial deposits were eroded at certain times. It will be shown in chapter IV that
there may be a close correlation between the proportion of allochtonous mineral matter
and the occurrence of rebedded pollen and spores.

In certain cases the grain size of the mineral fraction was determined by mechanical
analysis. However, such a procedure was impossible where organic content exceeded
15-209,.

The composition of the sediments and their content of remains of local plants may
give information about the degree of wetness, the succession of the local vegetation,
and changes in the local environment. Thus changes of water level may be reflected.
The deposits studied here formed in depressions without major affluents or outlets.
Their water level depended, accordingly, to a high degree on precipitation, evaporation,
and run-off from the catchment areas. The run-off may depend on many factors such



as size and topography of the catchment area, texture of the soils, precipitation and
evaporation, but changes in the amount of run-off are likely to have been due to climatic
changes. Hence, it is likely that the changes in the water levels of the lakes were due to
climatic changes, such as changes in precipitation, changes in temperature or a com-
bination of the two. It will be mentioned in chapter VI that changes in water level
and temperature changes seem to have been interrelated in detail.

POLLEN ANALYSES
Preparation of the Samples.

All the samples used for pollen analyses were treated chemically in identical ways.
The procedure may be summarized as follows,

(1) Boiling with 109, KOH for 6 minutes (in water bath).

(2) Removal of sand by decanting, and of coarse-detritus by sieving.

(3) Boiling with 409, HI for 5-10 minutes. Heating with 109, HCIL.

(4) Boiling with 10 ml. acetic anhydride +1 ml. conec. H,SO, for 1 minute (in
water bath).

(5) Washing with glycerin and staining with fuchsin.

The material was mounted in glycerin. The slides were kept unsealed. All measure-
ments were carried out shortly after the preparation to avoid swelling (¢p. ANDERSEN
1960).

The Pollen Diagrams.

The pollen analyses comprise pollen and spores of vascular plants, and Sphagnum.
The results are shown in the pollen diagrams, plates VI-XIV. Pollen and spore types
represented by a few finds only are listed in the tables 28-33 (pp. 138-151). Pollen and
spore types noticed in a sample outside of the analysis are indicated in the pollen
diagrams and in the tables by a+. The investigation of the layers from pollen zone h
is unfinished, and only the most important curves are shown.

The pollen diagrams illustrate the relative frequencies of pollen and spores in-
corporated in the sediments. In pollen analysis it is usually attempted to eliminate the
influence of facies by omittance of pollen and spores produced by plants from the
local basins, where the deposils formed, from the basis of calculation. Each taxonomic
unit identified from pollen or spores (family, genus, species group, or species) may
represent (1) only plants known to grow in well drained soils, (2) plants, which may
have grown in well drained soils as well as in soils with a high ground water level,
and (3) only plants preferring water-logged soils. Pollen and spores from plants pre-
sumed to belong to group (3) have been omitted from the pollen totals, as they may
be overrepresented in most of the sediments due to pollen or spores, which fell or
sank from the parent plant directly into the sediment. The plants from group (2) may
have become overrepresented in the same manner, but they do not seem to be seriously
overrepresented in the lacustrine sediments. In such deposits the curves for e. g. the
Gramineae and the Cyperaceae follow the frequencies for herbs from group (1) (e. g.
Arlemisia, Rumex acetosella). In the peats, the plants from the groups (2) and (3) are
very likely to become overrepresented by pollen or spores dispersed from individuals
that grew locally. Here the influence of facies may become prevalent, and it may be
impossible to obtain a picture of the vegetation outside of the basin. In the present
pollen diagrams maxima of the Cyperaceae pollen at certain levels correspond to peat
layers, and clearly indicate local overrepresentation.
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The pollen totals comprise about 1000 pollen grains and spores, except for some of
the samples from Herning, where the totals comprise about 500 pollen grains and
spores. The figures are indicated in the text at the pollen diagrams.

The percentages shown in the pollen diagrams are based on numbers directly without
reduction to eliminate the effect of the different pollen production rates of the plants
represented (cp. i. a. Fagrr and IvERSEN 1950). The mode of representation of the
various components of vegetation poor in trees in the pollen content of contemporaneous
lake sediments is not known very well. IVERSEN (1947) compared the pollen content
in lake sediments with the composition of the vegetation in Greenland. According to
this study it appeared that Befula nana was overrepresented in the pollen flora of the
lake sediments, and that Salix, Ericaceae (Calluna absent), Gramineae and Cyperaceae
were underrepresented there. Empefrum hermaphrodifum was represented equally in
the pollen flora and in the general vegetation. However, no species of trees occur in
the area investigated by IVERSEN (l. ¢.). Scattered individuals of trees such as Pinus
silvestris and Betula pubescens may become overrepresented because of intense flowering
due to full illumination, or they may produce very few flowers due to low temperatures.
Insect pollinated herbaceous plants are certainly underrepresented. Hence, the pollen
percentages can be interpreted only in general terms in the present cases. Changes in
the relative abundance of the plants, however, may be clearly detected.

The pollen diagrams have been divided into the parts A, B and C. Part A is a total
diagram, which illustrates the relative abundance of the pollen from trees 4 shrubs,
herbs and Ericales with special curves for Belula and Cyperaceae. Part B illustrates in
silhouettes the frequencies for plants belonging to the groups (1) and (2) mentioned
above. The curves have been arranged according to earliest maximum frequencies
within the diagram. They have been numbered, and the numbers will be indicated
in the description of the pollen diagrams in order to facilitate the reading of the diagrams.
Part C illustrates the relative frequencies of pollen and spores from local plants. They
have been calculated on basis of the pollen totals used for the other curves (see above).
The values of the frequencies for the plants that occurred locally have little meaning,
as such species may disperse their pollen and spores into the sediment at highly different
rates, depending also on the location of the sampling point within the local basin.
However, the changes in their frequencies may be of interest for a study of the local
successions. These curves have been arranged and numbered in the same way as
those found in part B of the pollen diagrams. Summation curves for ecological categories
of local plants (Limnophytes, Amphiphytes and Telmatophytes, cp. IVERSEN 1936b)
are shown. They inelude pollen and spores identified sufficiently narrowly to allow a
classification into one of the categories mentioned.

In some of the sediments predominance of mineral matter indicates erosion and
influx of allochtonous material. Here problems as to a distinction between primary
and rebedded pollen arise. They will be discussed in detail in chapter IV.

Other mierofossils have been counted only exceptionally. Algae especially occur
usually in highly varying modifications, and a quantitative examination will require
special techniques (cp. IVERSEN 1954, FIERDINGSTED 1954).

Pollen Zones.

The units of vegetational history are the pollen zones. A distinction of pollen zones is
usually based on characteristic shifts in the relative frequencies of certain pollen types,
and such pollen zones should, accordingly, be considered to be biostratigraphic units
(cp. HEDBERG 1954). As it is possible to minimize the influence of facies (see above),
the pollen zones do not refer to the local basins. Their borders may be synchronous
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and pollen zones may be useful for time correlations in a limited area, but pollen zones
cannot be considered to be time units in a wide area, and time units must be distin-
guished on some other basis (see also p. 113). Pollen zone borders may reflect climatic
changes, but they cannot always be assumed to coincide with the climatic changes, as
there may be a time lag between such a change and its response in the vegetation.
Thus van pER HamvmeN (1951) discussed the conventional Late-Glacial zone borders
in Northern Europe and concluded that some of them may be assumed to reflect a
climatic change directly (i. e. a decrease in the summer temperature), but that others
reflect the reaction of the vegetation to a climatic change, which took place somewhat
earlier (cp. also IVERSEN 1954).

J&M (1928) established their pollen zones for the Eemian Interglacial and the
following sequence at a time, when the significance of non-tree pollen had not become
realized. For that reason it has been necessary to define new pollen zones for the inter-
vals studied.

With the increased application of pollen analysis to deposits of interglacial and
glacial age it has become convenient to number the pollen zones from interglacials and
glacials separately (SELLE 1953 a). FFor such reasons it seems to be convenient to let
the Eemian Interglacial pollen zones end at the point, where forest vegetation decreased
and pollen from non-forest vegetation became prevalent. A new system of pollen
zones was established for the vegetational sequence which followed upon the Eemian
Interglacial in Western Jutland (cp. ANDERSEN 1957 a). Below, the main features of
the pollen zones will be described in terms of pollen representation and vegetation.

Zone h (ep. J &M 1928).

Picea, Alnus and Pinus are frequent. Quercus, Carpinus, Ulmus, Fraxinus and Taxus
are represented, but their values are low. The values for Pinus increase somewhat in
the course of the zone. At the end of the zone Alnus and Pleridium decrease to insignif-
icant values, or disappear.

Zone W 1.

Pinus, Picea and Belula pubescens are represented with values, which indicate that
only scattered individuals may have been present. The values for Befula nana, Juniperus,
Salix, Calluna, Empetrum, Gramineae, Cyperaceae, Rumex acelosella (type), R. acetosa
and other herbs increase.

Zone W 2.

Picea, Pinus and Betula pubescens may be represented with low values, and most
of their pollen was presumably due to wind transport from a far distance. Befula nana,
Juniperus and Salix are common in most of the zone. Calluna and Empetrum become
rare (except for rebedded pollen). Gramineae, Cyperaceae, Rumex acetosella (type) and
other herbs prevail. The zone has been divided into the subzones a—e, which are not
always clearly distinguishable.

Subzone a. Maxima for pollen of Juniperus, Artemisia a.o. Remains of aquatic
plants common.

Subzone b. Maximum for Gramineae. Remains of aquatic plants rare.

Subzone c¢. Maxima for Juniperus, Artemisia a.o. Remains of aquatic plants
common.

Subzone d. Juniperus decreases (and disappears?). Maxima for Gramineae and
Cyperaceae. Remains of aquatic plants rare.

Subzone e. Increasing values for Betula pubescens, Populus, Artemisia, Filipendula,
Urtica and a few others. Remains of aquatic plants common.



18

Zone W 3.

Betula pubescens dominates and Populus is frequent. Pinus may be represented by
pollen transported from far distance. Befula nana remains fairly frequent. The herb
pollen values decrease strongly. Filipendula, Urtica, Thelypteris dryopteris and Rumex
acetosa are quite common. The zone is divided into the subzones a—e.

Subzone a. Maximum for Betfula pollen. Decrease for i.a. Salix, Gramineae,
Cyperaceae, Rumex acetosella (type).

Subzone b. Minimum for Befula. Maxima for Salix, Gramineae, Cyperaceae elc.

Subzone c¢. Maximum for Befula. Strong increase for Juniperus. Minima for Salix,
Gramineae elc.

Subzone d. Minima for Betula, Populus and Juniperus. Maxima for Salix, Gramineae
ele.

Subzone e. Maxima for Betula, Populus, Juniperus and Frangula. Minima for Salix,
GGramineae etc. Larix is represented.

Zone W 4,

Betula decreases somewhal. Pinus, Picea and Larix are represented with considerable
values. Quercus, Alnus and Corylus are also represented, their pollen was probably
transported from far distance by wind. Frangula and Pleridium are quite common.
Calluna and Empetrum increase somewhat. Juniperus and most of the herbs are rare.

Zone W 5.

Pinus pollen dominates. Picea and Betula decrease. Calluna increases. The zone is
divided into the subzones a-c.

Subzone a. Juniperus and the herb pollen have low values.

Subzone b. Small maxima for Betula, Juniperus and herb pollen.

Subzone c. As subzone a.

Upwards the record is truncated.

Zone W x.

The zone is represented only at Brorup Hotel Bog, and is separated from zone W 5¢
by a hiatus. The pollen spectra are dominated by herb pollen.



III. IDENTIFICATIONS

GENERAL REMARKS

All identified remains of higher plants from the pollen zones W 1-W 5 are listed in
table 23 (pp. 107-111). The identification of the finds from zone h has not been finished.
A majority of the identifications of macrofossils listed in table 23 derive from the
investigation of J &M (1928). Particulars as to the dating of the remains will be mentioned
in the chapters IV-V.

The plant remains have been identified with present-day species. This implies that
the fossil remains resemble similar organs from these species. The identifications based
on macrofossils are considered to be more reliable than the identifications of pollen
grains and spores. It is characteristic of the identifications of pollen and spores, that
many of them are restricted to family, subfamily, genus or species group, and a distine-
tion of species may be reached rather exceptionally. ““Type” has been added to generic
and specific names to indicate that other present-day taxa of the same rank are possible.
The taxa embraced by the types will be mentioned below. Genera monotypic in North
and Central Europe today are usually indicated with species name. In the pollen
diagrams (plates VI-XIV) genera, which are represented by macrofossils identified
with a species, have been indicated with this species name in brackets.

The species names are in accordance with HyLanper (1941), and authors’ names
for species not mentioned there will be indicated in the list on table 23 and in the
descriptions below.

The relationship of Pleistocene floras to the flora of the present day will be mentioned
in some detail in chapter V.

The degree of reliability of the identifications of pollen grains and spores is indicated
in table 23 too. Identifications from table 23 of particular interest will be discussed
below.

The modern reference material is found in the collection of the Geological Survey
of Denmark. It has been supplemented in some cases with material borrowed from the
National Museum, Department of Natural Science, at Copenhagen. The extent of the
reference material will be mentioned in the descriptions.

Apochromatic objectives of a high numerical aperture (ca. 1.30) were used for the
study of the morphological details of the pollen grains and spores. Phase-contrast
equipment has been used in a complementary way, and introduction of a lamp of a
high luminosity (Lerrz zenon lamp) has improved the use of that technique greatly.
It will be stated expressively in the descriptions below, when phase-contrast was used
in making the observations.

Only details necessary for the identifications will be mentioned, and discussions of
general morphology will be omitted. The observations have been based on the reference
material itself, and they make no claim to originality. The work of ErpTMAN (1952)
is referred to for an extensive bibliography. A majority of the problems coincide with
those dealt with by IvErseN in his studies of Late-Glacial deposits. Cases where un-
published observations by Iversen and others have been guiding for the identifications
will be stated. The terms are defined in IVERSEN and TroELs-SmrtH (1950). Abbrevia-

Q%
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tions used are listed in table 2, in alphabetical order. Most of the reference slides had
been treated with KOH and acetolysis mixture, and were mounted in glycerin-jelly,
as the work was carried out before the qualifications of silicone oil as a mounting
medium (ANDERSEN 1960) had been realized. In general, only large size differences
have been relied upon.

The problem of possible variability in the morphological characteristics used for
identifications should be considered. As variability may be genotypical or pheno-
typical, modern reference material from several individuals, and from individuals
from various habitats should be examined, and an effort has been made that the
reference material should not be too limited. The discontinuities between the taxa are
in many cases so large that they need no special investigation. It has been possible to
use statistical methods for a distinction of species in some cases. They will be mentioned
on pp. 29-46. JeENTYs-SzAFEROwWA and TrucHanowicz (1953) demonstrated out-
standing examples of the usefulness of a comparison of the variability in the fossil and
the modern material, and similar investigations on a comprehensive basis are highly
desirable.

Table 2. Abbreviations for morphological terms and parameters
(cp. IvErseN and TroeLs-SmitH 1950).
Forkortelser af morfologiske udtryk og mal
(sml. IVERSEN 0g TROELS-SMITH 1950).

aeq aequator, aequatorialis Lg longitudo
anl annulus, annuli, annulatus lum lumen, lumina
ap apex, apices M mensura
C colpus, colpi med medianum
C1 Monocolpatae mur murus, muri
C3 Tricolpatae op operculum, opercula
C3 P3 Tricolporatae P porus, pori
C Pstp  Stephanocolporatae P 3 Triporatae
cla clava, clavae, clavatus P peri Periporatae
col columella, columellae perprol  perprolatus
cost costa, costae pol polus
D diameter polar area polaris
ech echinus, echini, echinatus prol prolatus
ekt ektexina psi psilatus
end endexina ret reticulum, reticulatus
foc focus (05, see plate X, in rug rugulatus
IverseEn and TRoELs-SMmITHL.C.) sca scabratus
fos fossula, fossulae, fossulatus subsph subsphaeroideus
fov foveolatus str striatus
I index, indices tec tectum, tectate
inter C intercolpium, intercolpia tec (perf) tectum perforatum
inter P interporium, interporia val valla, vallae
1 limes ver verruca, verrucae
Lg longitudo inter P-M length of interpore meridian
Lt longitudo transversalis ex-M thickness of exine
P-M pore diameter end-M thickness of endexine
P-Lg and longitudo and longitudo trans- ekt-M thickness of ektexine
P-Lt  versalis of the pore in bipolar col-D diameter of columellae
grains polar-M  longest side of polarea

polar-1I polar-M/Lt +

C o 1-4 refers to the shape of the colpus, P B 1-3 to the delimitation of the pore (cp. IVERSEN
and TRoELs-SMITH 1. ¢.).

perf has been used as an abbreviation for perforations or holes of the tec smaller than 1 p
in diameter, perf-D for their diameter.



Pollen zones and sites will be indicated at the finds mentioned below (B = Brorup
Hotel Bog, R = Rodebaxk I, H = Herning, N = Norbolling).

Serial photo-micrographs (cp. IVERSEN 1954) of fossil finds are listed in table 27
(pp. 135-136). Usually 6-8 micrographs at 1000 x magnifications of each pollen grain
exist. A few of the pictures have been reproduced in the plates I-IV.

PTERIDOPHYTA
Azollaceae

Azolla filiculoides L.am. One massula was referred to the species (cp. WesT 1953). It
occurred at Herning (zone W 2) in a stratum, which is rich in material rebedded from the
Eemian Interglacial bed. From Europe the species is known mainly from deposits from the
Cromerian and the Hoxnian Interglacials (van pER VLERK and Frorscuirz 1953, WEST
1956, ZacwiiN and ZoNNEVELD 1956, SoBoLEwskA 1956a). The find from Herning suggests
presence of the species in the Eemian Interglacial, but remains of the species have not
been found in a primary position at that site. HiLTERMaNN (1954) reported remains of the
species from Eemian Interglacial deposits also in a secondary position. IvERSEN (1936a)
found one massula in moraine A at Esbjerg.

Lycopodiaceae

Lycopodium. Fossil spores were identified with the following species: L. selago, L. inundatum,
L. clavatum, L. complanatum ssp. chamaecyparissus and L. alpinum-complanatum type, which
comprises L. alpinum and L. complanatum ssp. anceps. An unpublished key by FxGrr was
used for the identifications. The spores from the species L. selago, L. inundatum, L.. annotinum
and L. clavatum are identified without difficulties. The spores of L. alpinum and L. complana-
tumn ssp. anceps are rather uniform in our material. 6-8 lum may be counted on a med of
the distal face, and the ret covers a variable part of the proximal face in spores from both
species. The spores of L. complanatum ssp. chamaecyparissus are somewhat similar, but the
corresponding number of lum is usually 10-12, and the mur appear to be broader than in
the spores of the species just mentioned.

Osmundaceae

Osmunda. The fossil Osmunda spores vary somewhat more than the spores of European
Osmunda regalis, according to our reference material. The spores of the present-day species
of the genus differ as follows (0. regalis: Denmark, 2 collections, Ireland, Spain. O. clay-
toniana 1..: Wisconsin and New York, U.S.A. O. cinnamomea L.: Ontario, Canada, and
Pennsylvania, U.S.A.).

a. Sculpture elements on proximal side fused into a ret or
rug pattern, on distal side 4 fused................... 0. regalis, O. clayloniana
aa. Sculpture elements on proximal and distal side separated 0. cinnamomea

The spores of O. regalis vary so widely, that they can hardly be distinguished from those
of O. claytoniana. The fossil Osmunda spores vary continually, and it cannot be considered
to be certain that two distinct species were present. The extremes correspond to modern
0. regalis and O. cinnamomea respectively. SZAFER (1953, 1954), WEsT (1956), DYAKOWSKA
(1956) and Zacwuin (1960) identified interglacial Osmunda spores with O. claytoniana, and
Ananova (1954) referred such spores to O. cinnamomea. All of the spores illustrated by the
authors mentioned may be referred rather to O. cinnamomea. This applies probably also to
the spores identified with O. claytoniana by ErpTMman (in G. LunxpQuisT 1955), SOBOLEWSKA
(1956 b) and $ropox (1957), at least, the spores of that species can hardly be distinguished
from those of O. regalis.

Macroscopic remains (leaves i. a.) from Eemian Interglacial deposits have been identified
with O. regalis (HarTz 1909, RABIEN 1953).

The Osmunda spores occur in the Eemian Interglacial layers, and in rebedded state in
the younger layers.

Polypodiaceae

Thelypleris palustris type. The spores referred to the type are naked and monolete. Similar
spores may be found in the genera Asplenium, Athyrium, Blechnum, Cystopleris, Dryopteris,
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Phyllitis, Polystichnum, Thelypleris (excl. T. dryopteris) and Woodsia. The trends of the
curves suggest that the majority of the fossil spores belong to Thelypteris palustris.

Thelypleris dryopteris (= Dryopteris linnaeana). Naked monolete spores of a long and
narrow shape, and with a faint sculpture were referred to the species. Similar spores occur
commonly in Danish Late-Glacial deposits, where they, just like the finds described here,
have a characteristic mode of occurence (IVERSEN 1954, Kroc 1954, DrGerBoL and
Kroa 1959).

GYMNOSPERMAE

Ephedraceae

Ephedra distachya 1.. 9 pollen grains similar to those of E. distachya were found (zones
W2 (B, R, H), W3 (B, H). WELTEN (1957) described the pollen morphology and distribu-
tion of the Eurasiatic species with similar pollen grains. According to that author only the
species E. distachya (incl. var. helvetica C. A. Meyer), E. nebrodensis Tineo, and E. equisetina
Bunge come into consideration. Due to a great variability within our modern collections, a
species identification does not seem to be possible. However, F. distachya is certainly the
species most likely to have occurred in North and Central Europe during the Weichselian
Glacial (ep. Gams 1953, IVERSEN 1954, WELTEN 1. ¢.).

Ephedra cf. strobilacea Bunge. 5 pollen grains similar to those of the species were found
(zones W 2 (H), W 3 (B, H), W5 (N)). According to WELTEN (l. ¢., cp. also STEEVES and
BargHoorN 1959) the pollen grains from species with a similar pollen type may be distin-
guished by the number of ridges. However, the ridges cannot be counted in any of the fossil
grains mentioned here. Structural features such as those described by WEeLTEN (1. ¢.) have
not proved to be useful for a distinction of the various species in our material. WELTEN
(1. ¢.) found abundant pollen of a similar type in Late-Glacial deposits from Switzerland,
and assumed for ecological and geographical reasons that E. strobilacea is more likely to
have occurred in Europe during the Late-Glacial than the other species mentioned by him,
probably with justice. Such a result applies presumably to the present material too.

KroaG (1954, and in DecErBoL and Kroa 1959) reported 3 finds of E. strobilacea type
from Late-Glacial deposits in Denmark. Kroa (1954) considered the first pollen grain found
by him to be rebedded from Tertiary deposits, as pollen of such an age occurs in the sample
in question. The later finds mentioned by Kroc (DeEcERpoL and Kroa 1. ¢.) may be of
similar origin, but in view of WELTEN's results from Switzerland just mentioned, it appears
to be likely, that all of the Late-Glacial Danish finds are primary. The finds from Brerup
and Herning (W 3) occur in samples with no Tertiary material. These finds are, accordingly,
quite reliable, but the other finds from Herning mentioned might have been derived from
Tertiary deposits, as other pollen types of such an age occur in the samples in question.
However, all of the finds from Denmark may be considered to be primary now.

It is interesting to notice that the ratio E. distachya: E. strobilacea pollen grains in the
present material is 9:5, and in WELTEN's (much larger) Late-Glacial material (1. ¢.) 4:1.
The pollen of E. cf. strobilacea seems to have been extremely rare in the Danish Late-Glacial.

Pinaceae

Larix. Characteristic pollen grains occurred in the zones W 3 (B), W4 (B, N), W5
(B, N), and leaf fragments with epidermis cells referable to the genus (c¢p. FLoriN 1931,
TrauTMAN 1953) were found in layers from zone W 3 and zone W 4 (B, see plate I). One
leaf fragment was found in the material originally examined by J & M (1928, see also plate I).

ANGIOSPERMAE

Alismalaceae

The pollen grains found within the family belong to P peri. They are tec, ech or sca.
P are often surrounded by an area, where the col are densely crowded (anl). Below, details
of the sculpture are described as seen with ordinary optics, structural features as seen with
phase contrast.

Sagittaria sagitlifolia. Ech, P irregular, col evenly spaced.

Damasonium alisma Mill. Sca, P number about 10, col evenly spaced.

Caldesia parnassifolia (Bassi) Parl. Sca, P number about 15, col evenly spaced.
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Alisma plantago-aquatica. Sca. P surrounded by a broad anl, the 1 of which usually is
sharp. The col found in the inter P are arranged in a ret, mur are delicate with col in
one or two rows. The ret may be rather diffuse. A. graminea and lanceolata: ret usually
diffuse and col rather irregularly scattered.

Echinodorus ranunculoides. Similar to the pollen of Alisma plantago-aquatica. P may be
somewhat smaller.

Elisma natans. Sca, the sculpture is definitely coraser than that found in the pollen of
the other genera mentioned (except Sagittaria, the pollen of which is ech), and the
sculpture elements (microech) may be seen along the outline of the grains in foe 5
(ordinary optics!). Anl indistinct, formed by rather few col. The col found in the inter P
are arranged in an irregular ret, mur are broad with clumps of densely crowded col.

Fossil pollen grains referred to Elisma natans occurred rather commonly at Brerup
Hotel Bog (see plate I), and at Norboelling (zone W 3). One pollen grain referred to the species
was found at Herning (zone W 3). J & M (1928) referred 6 achenes found at Brorup Hotel
Bog to Thalictrum? The achenes occurred in the layers E and F, which correspond to pollen
zone W 3 (p. 57). Thalictrum pollen is rather common in that zone (see the pollen diagram
from BP 1 STA, plate VI), but the achenes found by J & M cannot be referred to any North
or Central European species of the genus, i. a. as the basis of the achenes are too broad,
and as the longitudinal ribs are by far too numerous. They have, however, proved to be
identical to the achenes of Elisma natans. The 6 achenes are 2.3-2.6 mm. long, oblong and
somewhat compressed, the basis is broad, and the basis of the style is preserved at the apex.
The achenes have 15-20 longitudinal ribs (see plate I). They do not resemble those of any
other European species of the family (ep. GLtck 1908). Finds of fruits of Elisma natans
were reported from a late Pleistocene deposit in Germany by Firsas and Granmax (1928,
see p. 126), and from early Pleistocene deposits in Poland by Szarer (1954).

Boraginaceae

The family is represented in the reference material by 15 genera.

Cf. Lithospermum arvense. 1 pollen grain (L.g 21.6 p, Lt 14.4 y, P 3, psi, with rudimentary )
occurred in zone W 2 (B). Only Lithospermum arvense has pollen grains somewhat similar
to the fossil one. The pollen grains of L. officinale and L. purpureo-coeruleum L. differ more.

Symphytum. 1 fossil pollen grain (C stp, C 9 P 9, psi) was referred to the genus with certainty
(zone W 3 (B), see plate IV).

Caryophyllaceae

It has been possible to identify fossil pollen with genera or species of the family in some
cases. In other cases many genera or species have pollen grains similar to each other, and
a still larger reference material will be necessary for more definite results. The modern
material used for comparison includes the following genera: Agrostemma, Arenaria (4 spp.),
Cerastium (8 spp.), Corrigiola, Dianthus (10 spp.), Gypsophila (4 spp.), Herniaria, Heliosperma,
Holosteum, Illecebrum, Kohlrauschia, Lychnis, Melandrium (6 spp.), Minuartia (9 spp.),
Moehringia (6 spp.), Saponaria (2 spp.), Scleranthus (2 spp.), Silene (10 spp.), Spergula
(3 spp.), Spergularia (2 spp.), Stellaria (11 spp.), Tunica, Vaccaria and Viscaria (2 spp.).

Cerastium-Stellaria. The pollen grains of the 2 genera are characterized: Pperi, P 10-36,
anl diffuse, sca, perf numerous and crowded, col heterogenous, finest around the P, unevenly
scattered in the inter P, denser near the P and -+ fused with the anl. Fossil pollen grains
occurred in most of the pollen zones (for Stellaria holostea, see below).

Dianthus. The pollen grains of the genus are rather characteristic: ca. 12 P, anl 0.5-1 g,
ech or sca, sculpture elements distinguishable in foe 5, in foc 0 very distinct, perf very
distinet, widely scattered (distance 2-5 p), perf-D 0.5 p, col conical, often distributed in
pairs and often -+ arranged in a ret, col-D proximally 0.5 p, distally 0.5-1.0 p. Somewhat
similar pollen grains occur in Saponaria officinalis (col coarser, distally 0.5-1.5 p), Kohl-
rauschia, Tunica, Vaccaria, and Saponaria ocymoides (outline of the grain smoth, sculpture
in foc 0 indistinet). 3 fossil grains occurred in zone W 3 (B). They resemble the pollen
grains of D. arenarius, D. caesius Sm., D. caryophyllus L., D. deltoides and D. superbus the
most.

Gypsophila. Within the family, pollen grains with anl 1.5-2.0 p broad were noticed only
in Gypsophila (cp. LanG 1952) and only in the species (. repens L., G. fastigiata and G. pani-
culata (in G. muralis 0.5 p). In pollen grains from G. repens and G. fastigiata the P number is
usually 12, in G. paniculala it varies and may be up to 20.

The genus is represented with 6 fossil pollen grains, all with 12 P, and it seems accordingly,
that G. repens or G. fastigiata were represented (zone W 2 (B, R, H), W 3 (B)). The Late-
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Glacial Gypsophila pollen grains from Denmark were referred to G. fastigiata by IVERSEN
(1954). Lana (1. ¢.) identified seeds of G. repens from SW Germany also of Late-Glacial age.

Melandrium. The pollen grains of the genus are quite characteristic (perf- D 0.5 p, col
arranged in a ret). One exception is M. viscosum, the pollen grains of which resemble those
of Silene species. Pollen grains of the type found in Melandrium occur in Silene conica too.
One fossil pollen grain was identical to the pollen of the genus (zone W 1 (R)).

Sagina nodosa. The pollen grains of the genus are characterized by their unusually small P
(P-M ca. 2 y, ca. 25 P, sca, many fine perf). The coarseness of the sculpture varies some-
what, it is less distinet in S. nodosa than in the other species investigated (S. caespilosa,
S. ciliata, S. procumbens, S. saginoides and S. subulata). 2 fossil pollen grains were referred
to S. nodosa with good probability (zone W 2 (B)). One pollen grain from the Danish Lale-
Glacial was identified to S. cf. procumbens by IVERSEN (1954).

Scleranthus. The beautiful pollen grains of the genus are unique. The species are well
distinguished, as the pollen grains of S. perennis have 12 P and those of S. annuus (incl.
S. polycarpos Torner) ca. 20. One fossil pollen grain of S. perennis occurred in zone W 2
(B, see plate II). JesseN referred a calyx from the same layer at Brerup Hotel Bog to
Scleranthus perennis? (J & M 1928). Smmpson and WesT (1958) identified a pollen grain
of the same species.

Silene-Arenaria type. Pollen grains similar to each other are found in Silene, Arenaria,
Heliosperma, Minuartia and Moehringia (15-30 P, anl not diffuse, sca sculpture indistinct,
perf fine, rather dense, and regularly distributed). Fossil pollen grains referred to the type
occurred in zone W 2 (B, H) and W 3 (B, H).

Stellaria holostea. The pollen grains of the species are unique among the 11 species of
the genus examined (P 12, sca, scabrate elements 0.5 p, perf fine and crowded, col hetero-
genous, coarse in inter P, very fine around the P, the P in depressions, the inter P forming
ridges of a pentagonal pattern). The fossil pollen grains occurred in zone W 1 (R) and W 2
(B, rebedded?).

cf. Vaccaria pyramidata. The pollen grains of the genus differ slightly from those of
Dianthus (perf-D 0.5-1.0 p, col-D proximally 0.5 p, cp. above). Somewhat similar pollen
grains occur in Kohlrauschia (sculpture coarser), Tunica and Saponaria ocymoides (perf-D
and col-D < 0.5 p). Only 1 pollen grain occurred (zone W 3 (B)), and in view of this the
identification may be considered not to be quite certain.

Viscaria. The pollen grains of the genus resemble the Silene-Arenaria type (see above)
but differ as the P are unusually large (P-M = inter P-M). 2 fossil pollen grains occurred in
zone W 2 (B).

Droseraceae

Drosera. In the pollen tetrads of D. rotundifolia and D. anglica ech are heterogenous and
often of two size orders. In D. intermedia ech are only slightly heterogenous and rather
small. 1 tetrad was referred to D. intermedia, (zone W 2 (R)), and 3 retrads to D. rotundifolia
or D. anglica (zone W 2 (R, H), W 4 (N)).

Ericaceae

Arctostaphylos alpina. Pollen tetrads > 40 p, Polar-I 0.20-0.25, fov-fos. 1 pollen tetrad
occurred in zone W 1 (R).

A. wva-ursi. Pollen tetrads ca. 40 p, polar-I < 0.35, polar psi. Similar pollen tetrads
occur in Cassiope tetragona and Chamaedaphne, which are unlikely to have occurred. In
tetrads of Vaccinium type (see below) polar-1 is 0.30-0.50. The ranges overlap somewhat,
and some pollen tetrads of Vaccinium type may have been included in the curves. Pollen
referred to the species occurred rather commonly, especially at Brorup and Rodebeak I.
Fruit-stones of the species were recorded repeatedly by J & M (1928).

Cassiope hypnoides. The pollen tetrads of the species are quite characteristic (polar-I
0-0.30, ver(-fos). Phyllodoce pollen may be similar (C + diffuse). The identification of 1
tetrad from zone W 2 (B) with a very small polar-I is fairly certain.

Erica tetralix. The pollen tetrads of the species are quite characteristic (polar-1 0.25-0.40,
polar psi, inter C ver(-fos). The pollen of E. cinerea is similar to that of E. tetralix, but the
species may be disregarded in the present cases. Pollen referred to E. tetralix occurred in
the zones W 1 (R), W 2 (R, H, probably rebedded), and W 4 (B).

Vaccinium type includes Andromeda, Ledum and the species V. myrtillus, V. vitis-idaea
and V. uliginosum (polar-1 0.30-0.50, psi). Pollen tetrads from Rhododendron and Pyrola
media are somewhat similar (polar-1 usually > 0.50). The fossil tetrads referred to the type
range 25-50 p in size, and the polar-1 is 0.35-0.55. They occurred in all the pollen zones.
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Gentianaceae

The pollen grains of the family are rather heterogenous. The reference material comprises
the genera Blackstonia, Centaurium (3 spp.), Gentiana (9 spp.), Gentianella (6 spp.), Loma-
togonium and Swertia.

Gentianella amarella type. The pollen of the Gentianella species (except G. tenella) are
usually ret with col arranged correspondingly, but the pollen grains vary greatly within the
species, and may be fov or fos, or nearly rug. Similar pollen grains occur in Gentiana bavarica
L., G. kochiana Perr. and Song., G. nivalis, G. praecox A. and J. Kerner, and G. verna. Fossil
pollen grains of the type are especially common in the zones h and W 1 (R), and scattered
grains were found in zone W 2 (B, R, H). Similar pollen grains were found by IVERSEN (1954).

Genliana pneumonanthe. The pollen grains are strictly str (tec(perf), val parallel to C)
in Gentiana asclepiadacea L., G. lutea 1.., G. cruciata L., G. purpurea and G. pneumonanthe.
One fossil pollen grain is very similar to the pollen of G. pneumonanthe, which has a rather
coarse sculpture (cp. Krog 1954). It was found in zone W 2 (B). Kroa (l. ¢.) found a similar
Late-Glacial pollen grain.

Swertia perennis L. IvERSEN (L. ¢.) considered the pollen grains of Swertia to be quite
characteristic (C 3 P 3, psi with coarse perf, or sometimes indistinctly rug-str, col evenly
scattered). The pollen grains of Lomatogonium are somewhal similar (larger and with a
coarser sculpture) and similar pollen grains may occur rarely in the Gentiana species with
str pollen grains mentioned above. 5 characteristic pollen grains were found in the present
material (zone W 2 (B), see plate 1I), Iversen (. ¢.) reported one Late-Glacial find.

Labiatae

The reference material comprises 24 genera.

Mentha type. Pollen grains similar to each other (6 C, ret, col arranged in a corresponding
ret) occur in Lycopus, Mentha, Origanum and Thymus. Pollen of Salvia argentea and Satureja
have a similar, but finer sculpture. A few fossil pollen grains of the type occurred (B, R).

Teucrium montanum .. The pollen grains of the genus are unique (3 C, sca, ect (especially
tec) thickened near the pol, but not on the polar itself (which is very small), col coarser near
the pol (cp. Fagrr and IvErseN 1950). The fossil pollen grain (with a delicate sculpture and
distinet col, from zone W 2 (R), see plate 111) is similar to the pollen of T. montanum, and
differs somewhat from the pollen of T. botrys 1.. (much larger, sculpture coarser), 7. scoro-
donia L. (sculpture coarser), T. scordium and 7. chamaedrys L., (col almost invisible)

Leguminosae

An unpublished key for Astragalus species by Iversen has been available. During the
work a key by Fxr1 (1956) appeared. It has also been helpful, although its range of genera
and species is too limited for the present material. The reference material comprises the
following genera: Anthyllis, Astragalus (17 spp.), Coronilla, Cytisanthus, Cytisus (3 spp.),
Dorychnium, Genista (4 spp.), Genistella, Lathyrus (10 spp.), Lotus (3 spp.), Medicago (4 spp.),
Melilotus (3 spp.), Onobrychis (2 spp.), Ononis (2 spp.), Ornilopus, Sarothamnus, Tetra-
gonolobus, Trifolium (14 spp.), Ulex and Vicia (14 spp.).

Anthyllis vulneraria. IVERSEN (1954) identified Late-Glacial pollen grains with the species.
The pollen grains are very characteristic (Lg ca. 40 pu, C 3 P 3, cost C may be present, ex-M
1-2 p, sculpture rudimentary, rug or psi). 5 fossil pollen grains were found, they occur in
zone W 2 (B, R).

Astragalus. The pollen grains of the species of the genus are fairly uniform, yet differences
allow some species identifications. Observations made by IVERsSEN (see above) have been
guiding for the identifications mentioned below.

A. alpinus. Characteristics of the pollen grains are, Lg< 30, C3 P 3, P-Lg 18-29 % of Lg,
delicately ret on inter C and polar, col not visible. Somewhat similar pollen grains occur in
Ononis (outline seen in foc 5 very rough, muri very distinct), A. frigidus (1.g > 30 p, sculpture
coarser) and species of Melilotus (P-Lg 13-22 % of Lg, polar very small, the grain almost
syncolpate. As A. alpinus is a very widespread species, the fossil pollen grains found belong
almost certainly to that species (cp. also IVERsEN 1. ¢.!)). Several pollen grains were found
in the zones W 2 and W 3 (B). IverseN (L. ¢.) identified several Late-Glacial pollen grains
with the species.

A. (Oxytropis) cf. campestris. 4 fossil pollen grains were referred to the species tentatively.
3 of the pollen grains mentioned may also belong to A. exscapus L. (zones W 2 and W 3 (B)).
The pollen grains of the species may be characterized as follows, Lg ca. 35 u, C 3 P 3, fov
on inter C, fov-psil on polar, col invisible. Similar, but somewhat smaller pollen grains

1) A. penduliflorus has very similar pollen
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oceur in A. (Oxytropis) lapponicus and A. (Oxytropis) pilosus. One of the fossil pollen grains
approaches those of A. glycyphyllus as to the sculpture (fos). Pollen from Late-Glacial
deposits were identified with A. (Oxytropis) campestris type by IvErsen (1. ¢.).

A. danicus. The pollen grains of the species may be characterized as follows, C 3 P 3,
P-Lg 13-22 % of L.g, ret on inter C, psil on polar, col invisible. Rather similar pollen grains
occur in A. arenarius (pclar fov) and in A. cicer (somewhat larger). 2 fossil pollen grains
were identified with the species with some certainty (zones W 2 (B), see plate II), IVERSEN
(L. c.) identified pollen from the Danish Late-Glacial with the species.

A. frigidus. The pollen grains of the species are rather similar to those of A. alpinus (see
above), but they are larger, and their sculpture is coarser. 2 fossil pollen grains were identified
with the species with some certainty (zones W 2 (B) and W 3 (H)). Iversen (l. ¢.) identified
Late-Glacial pollen with the species.

Cytisus nigricans L.. The pollen cf the Cytisus species (C. capitatus Scop., C. nigricans L.,
C. ratisbonensis Schiiffer) are characterized as follows (sculpture features as seen with phase
conirast), subsph, C 3, polar psil, polar-I > 20, inter C delicately rel, col invisible. Some-
whet similar pollen grains occur in Genistella sagittalis and in Genista anglica (polar ret,
inter C usually ret-fov), and in Cylisanthus radiatus, Genista germanica, G. pilosa and G.
tinctoria (polar-1 < 20, inter C ret-fov, larger). The pollen grains of Sarothamnus, Ulex,
Onobrychis and Hedysarum differ more (prol-perprol, Lg > 30 p, except for Hedysarum).
The fossil pellen grains were very small (Lg < 20 p), and they are best referred to Cytisus
nigricans, which has the smallest pollen grains. They were found in zone W 2 (B).

Genista. The characteristic fov-ret sculpture (“‘blocked’ lum, according to Facri 1956)
is usual in all Genista species, according to our reference material. 3 fossil pollen grains have
such a sctlpture, and were referred to the genus. They occurred in zone W 1 (B).

Lotus cf. corniculatus. The pollen grains of the genus are rather characteristic (Lg < 20 p,
C3 P3, P-Lg ca. 10% of Lg, psil). Somewhat similar pollen grains occcur in Ornithopus
(P-Lg ca. 15% of 1g) and in Hippocrepis (P-Lg ca. 20 9% of Lg). Pollen grains referred to
the genus, and tentatively to L. corniculatus, occur repeatedly in the present material, and
especially in zone W 2 (B, H). Iversex (l. c.) identified Late-Glacial pollen grains with
the genus.

Trifolium alpestre. Characteristics of the pollen of the species are, C 3, polar psil, inter C
ret, col distinet. P are rather distinet in most other Trifolium species. Somewhat similar pollen
grains may occur especially in 7. pratense (polar ret), T. aureum, T. badium Schreb., T.
fragiferum and T. hybridum (sculpture on inter C fov), and in 7. medium (psil area extending
on inter C). 3 fossil pollen grains were identified with the species with some reliability.
They occur in the zones W 2 (B) and W 3 (H).

Trifolium arvense. Characteristics of the pollen grains are, C 3, polar psil, psil area extends
on inter C, inter C fov-fos near aeq. The pollen grains of 7. medium may be quite similar,
but they are larger, and the sculpture is coarser. 3 fossil pollen grains were referred to the
species (zone W 2 and W 3 (B)). The identifications seem to be rather reliable.

Vicia-Lathyrus. The pollen grains of the genera are characterized by their distinct P,
vigorous cost and usually rather short C (much less pronounced cost C may occur in the
pollen of other genera of the family, e. g. in Anthyllis and Lotus). It seems to be impossible
to reach species identifications of the fossil grains found. They occur in the zones W 1 (H),
W2 (B) and W 3 (B, H).

Liliaceae

Allium cf. schoenoprasum. 12 fossil pollen grains were referred to the species tentatively.
They occurred in zone W 2 (B) and repeatedly in zone W 3 (B, 1 grain at H). The pollen
grains of the genus are characterized (phase-contrast): C 1, tec, on the non-apertural side
psi or indistinctly ret or fov, often with numerous fine perf and in most cases with distinet
col; on the apertural side psi with densely crowded or invisible col (margo). In the pollen
grains of most of the species the C reaches from one end of the apertural side to the other,
but in a group of species (A. sphaerocephalum L., A. vineale, A. rotundum L., A. scorodoprasum)
its ap extend on the non-apertural side. The pollen of the other species may be distinguished
by the coarseness of sculptural features, but these features vary somewhat within the species.
The pollen grains of A. angulosum L., A. paradoxum and A. ursinum are usually psi, the
perf invisible or very fine, and col minute and indistinct. The pollen grains of the species
A. schoenoprasum, A. montanum, A. strictum Schrad. and A. suaveolens Jacq. are usually
fov-ret, perf are quite distinct and col are clearly separated from each other. In the pollen
of A. carinatum, A. victorialis L., and A. oleraceum the sculpture and the col are definitely
coarser. The fossil grains fall within the variability range of the A. schoenoprasum group,
and their similarity lo that species is great.
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Linaceae

Linum austriacum type. Linum pollen grains may be dimorphic in regard to size and the
shape of the sculpture elements (cp. ErpTman 1952). Dimophic pollen grains were observed
in the species L. alpinum L., L. austriacum, L. flavum L.., L. hirsutum L., L. perenne 1.,
L. tenuifolium L., and L. viscosum L. Dimorphic pollen occurs probably also in L. angusti-
folium L., but not in L. catharticum. In the pollen type from longistylic plants the distal ends
of the sculptural elements (cla or ech) are rounded with one or a few pointed excrescences.
In the other pollen type the sculptural elements are usually completely flat topped (ver),
in some species with a few pointed excrescences [rom Lhe edge of the platform. In the fossil
material a fragment of a pollen of the type from brevistylic plants was found (see plate I1I).
Its ver are homogenous and without excrescences, slightly polygonal in transect (foc 2).
It resembles especially the pollen of L. austriacum, L. hirsutum and L. tenuifolium (zone
W 2 (B)).

Lobeliaceae

Lobelia dortmanna. Characteristics: C 3, Ca3d or f, psi, col minute but distinct (FacRr1
and IvErsEN 1950, describe the surface as pitted, with phase-contrast, however, the pheno-
menosn described proves to be caused by interference from the -+ regularly distributed col
underneath). A similar pellen type is found in Digitalis, which may be disregarded in the
present cases. The pollen grains of Elatine proved to be ‘‘pitted” (tec(perf)) with phase-
contrast equipment. 9 fossil grains were identified with Lobelia dortinanna (zone W 3 (B, H)).

Polygonaceae

Polygonum s. 1. The pollen morphology and the taxonomy of the genus were treated by
HEDBERG (1946).

Subgenus Persicaria. The pollen grains of P. amphibium are well distinguished (cp.
HepBERG 1. ¢.). Fossil pollen identified with the species occurred in zone W 2 and W 3
(B, H). P. persicaria type includes here P. hydropiper, P. lapathifolium, P. minus, and P.
persicaria. Pollen grains of the type occurred in zone W 1 and W 3 (H).

Subgenus Polygonum s. str. P. aviculare type includes here P. aviculare, P. oxyspermum
and P. raji. 2 pollen grains were found (zone W 3 (B)).

Subgenus Bistorta. P. bistorta type includes P. bistorla and P. viviparum. Fossil pollen
grains occurred in zone W 1 (R), W 2 (B, R), W3 (B, H) and W 4 (N). Their mode of
occurrence at Brorup suggests presence of P. viviparum in zone W 2 and P. bistorta in W 3
(see p. 92 and 97).

Subgenus Tiniaria. P. convolvulus type comprises here P. dumetorum and P. convolvulus.
Our modern material does not support the distinction of the pollen of the two species men-
tioned by HEDBERG (1. ¢.). One fossil pollen grain occurred (zone W 3 (H)).

Rumex. Modern pollen from 18 European species was examined.

The pollen of the species belonging to the sections Acetosa and Acetosella are uite well
distinguished from those of the other species. The pollen grains of this type with very short C
(large polar) were referred to R. acetosa (including R. arifolius All.), and the others to R.
acetosella type, which comprises R. acetosella s. 1. (R. acetosella, R. graminifolius, R. tenuifolius)
and R. thyrsiflorus (cp. IVERSEN 1954). R. thyrsiflorus is essentially a lowland species to-day,
and the species represented in zone W 2 is presumably R. acetosella s. 1.

R. domesticus type includes the species R. alpinus, R. crispus, R. maritimus and R. obtusifolius.
The pollen grains are about 30 p, perf numerous, col evenly distributed, P. rather large and
indistinct. 1 fossil pellen grain occurred (zone W 2 (B)). Pollen of a similar type was noticed
by IVERSEN (1954).

R. aquaticus-hydrolapathum. The pollen grains of the two species differ from the R.
domesticus type by larger size (about 40 p) and smaller P. 3 fossil pollen grains belong to the
type (zone W 2 (R), W 3 (B and H)).

Ranunculaceae

The reference material comprises the genera Aconitum (3 sp.), Actaea, Adonis, Anemone
(11 sp.), Aquilegia, Caltha, Clemalis, Coptis, Delphinium (3 sp.), Eranthis, Helleborus (5 sp.),
Isopyrum, Myosurus, Nigella, Paeonia, Ranunculus (22 sp.), Thalictrum (4 sp.), and Trollius.
Pollen of Caltha, Thalictrum and Trollius have been identified repeatedly in fossil material.

cf. Adonis. Pollen grains resembling those of Adonis occurred in the zones W 1 (B, R),
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W 2 (R), and W 3 (H). Similar pollen occurred in the interglacial peat at Rodebak I, and
the identifications do not appear to be quite reliable. They will be examined in more detail
together with the interglacial finds.

Anemone. The pollen grains of the genus are rather typical (C 3 or C peri (4-6 C), sca,
tec with numerous fine perf, col homogenous, coarse, isodiametric). Somewhat similar
types in Nigella (col -+ fused, in foc 2 oblong), Eranthis (col of two size orders). The fossil
pollen grains occurred in zone W 1 (R, H), W 2 (B, H), W 5 (B).

Ranunculus. The pollen grains of the genus are quite characteristic (C 3 or C peri (4-12 C),
-+ sca, no perf, col of two orders, the coarse ones rather few, often penetrating the tec
forming sca elements, the fine ones rather numerous). The pollen grains of the species are
variable, and it has been possible to distinguish only 2 main types, R. trichophyllus type
(fine col evenly distributed, R. circinnatus, R. fluitans, R. glacialis, R. hyperboreus, R. obtusi-
florus, R. peltatus, R. pygmaeus, R. sceleralus, R. trichophyllus) and R. acer type (fine col
-+ fused, arranged in a circle around each of the coarse col, R. acer, R. auricomus, R. bulbosus,
R. ficaria, R. flammula, R. illyricus, R. lanuginosus, R. nemorosus, R. repens, R. lingua and
the genera Clematis and Myosurus). It may be seen that the R. trichophyllus type comprises
aquatic species. At Broerup Hotel Bog the curve for this type differs from the curve of the
R. acer type and resembles that for Hydrophytes closely (cp. p. 56). J & M identified nutlets
with R. aquatilis (coll.), R. repens and R. sceleratus.

Rosaceae

Identifications within the family were based in part on an unpublished key by IVERSEN.

Geum-Sieversia type. In the pollen of the Sieversia species (especially S. montana (1..)
R. Brown) the val often turn across the inter C (in Geum s. str. val are usually parallel to
the C). The curve for the pollen grains referred to Sieversia, however, is quite parallel to
that for Geum s. str.

Prunus. The pollen grains of the species P. avium, P. padus and P. spinosa are similar to
each other (3 C, Ca 3d—e, str, val delicate but distinct, end-M = ekt-M). Somewhat similar
pollen grains occur in species of Sorbus, especially in S. aucuparia (Co. 3h) and S. hybrida
(larger, Ca 3¢), and in Amelanchier (val coarser). 6 fossil pollen grains occurred (zones
W 2 (B), W 3 (B)).

Malus silvestris. Characteristics of the pollen: C 3, Co 3h, rug, val indistinct, end-M =
ekt-M. Somewhat similar pollen grains occur in Sorbus hybrida, S. intermedia, S. rupicola,
S. torminalis and Crataegus (much larger, Ca 3c—e). 3 fossil pollen grains were referred to
the genus rather tentatively (zone W 3 (B)).

Rosa. The pollen grains of the genus are highly characteristic (C 3, P 3, distinet op, str,
val fine but very distinct, often transverse to the C). The size of the pollen varies considerably
within the species. 2 fossil pollen grains were referred to the genus (zones W 2 (B), W 3 (H)).
They are rather large (42 x 36 p, and 39 p).

Rubus. The pollen grains of R. chamaemorus are highly characteristic (C 3, ech), and fossil
grains have often been identified. The pollen of the other species of the genus resemble
those of Geum and Dryas, but they differ as to sculpture (faintly rug or str in the Rubus spp )
and shape of the C (Ca 3¢, indistinet P in the Rubus spp., cp. Kroc 1954). The pollen
grains of the species differ from each other as follows, R. arcticus and R. saxatilis: rug (or
psi), polar-I in R. arcticus > 30, in R. saxatilis < 30 (cp. Krog, 1. ¢.). R. fruticosus: str, val
fine and parallel to C. R. idaeus: str-ret (or tec(perf)). 2 fossil pollen grains with polar-1
38 and ca. 35 were referred to R. arcticus (zone W 1 (R) and W 3 (B)), 7 fossil grains to
R. saxatilis (zones W 1 (R) and W 3 (B)). One pollen grain was referred to R. fruticosus
(zone W 3 (B)), and 4 to R. idaeus (zone W 3 (B)). Fruit-stones of R. idaeus were recorded
by J & M (1928).

Scrophulariaceae

Reference material: 15 genera. Sculptural and structural details were studied with phase
contrast equipment.

Euphrasia-Rhinanthus. Characteristics: C 3, polar-1 21-25, psi, ex-M 1.5 p, col very fine,
distinet. 3 fossil grains (zone W 2 (B)).

Veronica. Characteristics: C 3, polar-I 31-35, ex-M 2 p, psi, col rather coarse. 1 fossil
pollen grain (zone W 2 (B)).

Typhaceae

The pollen grains of the Sparganium species and of Typha angustifolia vary considerably
within the species and no reliable identifications could be made. Typha-Sparganium type
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comprises all single Typhaceae pollen grains. Tetrads were referred to 7. latifolia. 2 dyads
from zone W 2 (B) are of doubtful identity. Fruit stones of Sparganium angustifolium and
S. minimum were recorded repeatedly by J & M (1928).

Urticaceae

Urtica dioica. The pollen grains of U. dioica and U. urens differ substantially, when seen
with phase contrast equipment. In the pollen grains of U. dioica the elements of the sca
sculpture are of irregular size and distribution, in U. urens they are very distinet and evenly
spaced (cp. Krog 1954). All the fossil pollen grains could be referred to U. dioica.

Valerianaceae

Valeriana. The results of Wacenitz (1956) were used for identifications. All the fossil
pollen grains belonged to the ech-sca type. 7 fossil grains were referred to V. officinalis s. 1.
(ech 0.5-1.5 p). They occurred in zone h (B, H), W 2 (B, H), W 3 (B, H). 2 pollen grains
were referred to V. dioica (incl. V. simplicifolia (Rchb.) Kabath, ech 2.0-2.5 p). They occurred
in zone W 3 (B).

SPECIES IDENTIFICATIONS OF POLLEN AND SPORES

BY STATISTICAL METHODS

Statistical methods may be useful for an identification of pollen and spores, especially
where small differences between species exist. The method has especially been based
on differences in size (see especially FirBas 1927, Firas and Firsas 1935, JENTYS-
Szarerowa 1928, Bertscu 1931, Faerr 1936, and later, ENErRoTH 1951, CalN 1940a
and later, and other literature mentioned below) in numbers of apertures (e. g. voN
PosT 1929), and in certain parameter ratios (DoNNER 1954, WaLkKER 1955). Cases
from the present material will be mentioned below. Size or pore number have been
used as measureable quantities.

Genotypical and phenotypical variation in pollen and spore characteristics are
difficult to distinguish. ScHocu-BopmER (1940) found that the size of untreated pollen
may depend on the nutrition state of the parent plants. WacentTz (1955) has shown in
experiments with grasses, that acetolyzed pollen of very poorly developed plants may
be somewhat smaller than the pollen of fully developed plants, but that a difference is
hardly appreciable in pollen of sub-normal plants. The variability in size in pollen
from naturally grown plants of different geographic origin usually is small (cp. ENE-
ROTH I. ¢., CHRISTENSEN 1946, CaiN and Caix 1948 b, Cay and ANDERSEN, unpublished,
and below). The variability in Pinus echinata pollen demonstrated by Cain and CaiN
(1948 a) is probably unique, so far, but it is not known whether it is due to genetical
or physiological factors.

Speaking of the use of size statistics for identifications of pollen and spores, FEGRI
and IVERsEN (1950) express an opinion that “‘as the size of a pollen grain is a rather
indefinable quantity, as the method is extremely laborious, and as the reliability of
the results is generally rather dubious, the method should be used only when no other
is available™.

Unfortunately, fossil pollen may react differently from modern pollen to chemical
treatment, and the size of fossil and recent pollen mounted in glycerin is apparently
only exactly the same in cases where the fossil pollen derives from an acid sediment,
and if the fossil and the modern pollen was prepared with KOH only (FirBas and
Firsas 1935, Facrr 1940, 1945, Losert 1940, CHRISTENSEN 1946, WENNER 1947),
but even then the results may be doubtful (Aarto 1941, WENNER 1953). CHRISTENSEN
(L. ¢.) stated the following ranges in average sizes for pollen of Corylus avellana, mounted
in glycerin (all averages from 100 pollen grains),
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Range of average sizes

Fossil Modern
Untreated ..o«oewoms onvmws 22.1-23.7 n 24.6-26.7 n
BITHL: i .y 1 i s 22.8-25.5 u 25.4-259 p
Acetolysis . o v vusvmmewssns 33.3-34.6 p 27.3-29.2 p
KOH, acetolysis .......... 33.0-35.0 p 30.7-32.2 n
HE; acetolysis. . o0 wssw 505 27.8 u

If the size difference in the species is only a few microns, and if the fossil pollen
displays a unimodal size-frequency distribution curve, it may be difficult to reach an
exact identification, unless a correction factor can be calculated (cp. CHRISTENSEN 1. ¢.,
WENNER L. ¢.). However, if two or more such species are represented together in the
fossil material, size-frequency curves with modes for the species involved may be
obtained, the success depending on the degree of overlap, and the accurateness of the
measurements. Even if the overlap in size ranges is large, the relative heights of the
modes may provide an estimate of the relative abundance of the species in the individual
samples (see also the discussion in WELTEN 1944). Examples of the application of the
method were shown i. a. for Befula species by WeLTEN (1. ¢.), for Picea species by
FirBas (1927), Cain (1948) and REercu (1953), and for Pinus species i. a. by CaN
(1940a) and CaiN and Camv (1948b).

In the present material bimodal size-frequency distribution curves could be obtained
for microspores of Isoétes, and for pollen of Picea, Belula and Empetrum, and they
have proved useful for an estimate of the representation of the various species. The
measurements were always carried out immediately after the preparation of the samples
in order to avoid swelling (cp. ANDERSEN 1960). The measurements were continued
until a reasonably smooth curve was obtained in each case.

Isoétes.

OBERDORFER (1931) mentioned that it may be possible to distinguish the micro-
spores of Isoéles echinospora and I. lacustris by size (cp. ERpTvan 1943, Lanc 1955),
but Gopwin (1956) expressed some doubt as to the possibility of an effective separation.

The microspores of Isoétes are monolete and the exine is surrounded by a loose and
thin perine, which is connected with the exine only along the furrow (see illustrations
e. g. in ERpTvAN 1943). The perine is very often wrinkled, and the measurements were
carried out on the exine alone. The largest diameter parallel to the furrow was measured.

Table 3. Measurements of microspores of Isoétes echinospora, modern (KOH, acetolyzed,
Aesculus gum). M = mean size.c = standard deviation.
Malinger af mikrosporer af Isoétes echinospora, recente (KOH, acetolyserede,
Aesculus harpiks). M = middelstorrelse. ¢ = standardafvigelse.

Ref. no : ‘ M G

D.G.U. } Locality | " "
2442 North Wales, England. ......... 23.74 +1.76
806 Hardanger, Norway............ 24.22 +1.78
2399 Les Vosges, France ............ 24.39 +1.59
2435 Muonio; Finland ... assswasis 24.68 +1.53
2400 NW Jutland, Denmark . ........ 25.20 +1.47
52 Baden; Germany . s s s s voire s 5 25.33 +1.14

Total. .. 24.66 +1.65
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Modern material of 6 individuals of each species from different localities was measured.
The material was boiled with KOH (6 min., in water bath), acetolyzed, and in this
case mounted in Aesculus gum (cp. CHRISTENSEN 1954). 100 microspores of each
individual were measured (size class 1.20 p). The results are shown in the takbles 3
and 4. Modern Corylus avellana pollen measured in 4 of the preparations averaged
26.97 p 4 1.14 p (100 grains).

Table 4. Measurements of microspores of Isoétes lacustris, modern (KOH, acetolyzed,
Aesculus gum). M = mean size. ¢ = standard deviation.
Milinger af mikrosporer af Isoéles lacustris, recente (KOH, acetolyserede,
Aesculus harpiks). M = middelstorrelse. ¢ = standardafvigelse.

|

Ref. 1o —— | M ! .

D.G.U. i | N [ I
2437 NW Jutland, Denmark . ........ 3211 +1.71
221 W Jutland, Denmark .......... 32.94 +1.59
2443 Brandon Mt., Ireland .......... 33.24 +2.15
2440 Westmoreland, England ........ 83.77 +1.74
2436 S Jutland, Denmark .......cv6 o0 33.95 +1.82
39 Norrbotten, Sweden............ 34.81 +2.10
Total. . . 33.47 +2.02
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Fig. 2. Size-frequency distribution in microspores of Isoétes, modern and fossil.
Sterrelsesfordeling hos mikrosporer af Isoéles, recente og fossile.
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It may be seen from the tables that the variation in average size within the two
Isoétes species mentioned is small. Summation size-frequency distribution curves for
the species are shown in fig. 2. It may be scen that the overlap of size ranges is small.
Size-frequency distribution curves for Isoétes microspores from 5 fossil samples are
also shown in fig. 2. Two species are obviously represented, and the size curves cor-
respond quite well to those for the modern Isoéles echinospora and I. lacustris micro-
spores.

The size-frequency distribution curves for the fossil microspores in fig. 2 show very
little overlap of ranges. Average sizes for the two species from the fossil material are
shown in table 5 together with the average sizes for the two modern species. It appears,
that the variation between the samples is small. The range of means for the species
with the smaller microspores is 26.4-28.6 p, and for the species with the larger micro-
spores 36.8-37.6 u. As one might expect in this case, the averages for the fossil micro-
spores are slightly larger than those for the modern microspores, and the fossil micro-
spores may be referred to Isoéles echinospora and I. lacustris with a great degree of
probability.

Table 5. Measurements of microspores of Isoétes echinospora and I. lacustris, modern
(KOH, acetolyzed, Aesculus gum), and fossil (KOH, HF, acetolyzed, glycerin).
M = mean size. ¢ = standard deviation.
Maélinger af mikrosporer af Isoétes echinospora og I. lacustris, recente
(KOH, acetolycerede, Aesculus harpiks) og fossile (KOH, HF, acetolyserede, glycerin).
M = middelstorrelse. o = standardafvigelse.

1. echinospora 1. lacustris
Source 7
Total ! A B Total | M 2
‘ B u \ H
Modern (see above) ....... 600 24.66 +1.65 600 33.47 +2.02
Herning, zone W 3a....... 29 26.40 +1.84 120 37.58 +2.52
Rodebek I, zone W 2¢ .. .. 123 28.61 +2.03
Brorup Hotel Bog, zone W 3e 95 27.47 +1.93 52 36.80 +1.85
— - -, = Wid 95 25.72 -1.73
- - -, — W3b 92 26.42 +2.02 89 37.55 +2.48

As the size ranges overlap so little, individual microspores may be referred to one
of the two species without difficulty. Table 6 shows a list of the percentages of the
pollen total for the microspores referred to I. echinospora and to I. lacustris as found
by counting, and the corresponding figures computed from the size-frequency distribu-
tion curves.

Table 6. Frequencies for the microspores of Isoétes, in percentages of the pollen total.
Hyppigheder for mikrosporerne af Isoétes, i procent af pollensummen.

. 1. echinospora : 1. lacustris

Site Depth % of pollen total

|

Hening BP'5 < s s sais vy bis & 4.91 m. 6.2 + 26 (6.3 : 26)
Rodebaek I 57 m N.........oovvnunn 3.17 77 1 26 (78 : 1.3)
Brorup Hotel Bog, BP 1 ............ 2.83 2.3 ¢ 141 22z 1.2
- - =2 5 BERL s s wmmes 3.06 S 30l 3.7 = 0.2)
- - 5 5 B L snvenieess pes 4.03 5.5 ¢ 4.2 (4.9 : 5.3)




33

Picea.

WEBER (1898) discovered that the Picea remains in late Pleistocene deposits from
North Europe represent besides P. abies a species related to P. omorica Pan¢. WEBER
(L. ¢.) found remains of this species first at Aue in the Erzgebirge, and later at Liine-
burg in North Germany (MULLER and WEBER 1904). WEBER in his careful investiga-
tions pointed out the similarity of the fossil remains to P. omorica, but he preferred to
refer the fossil finds to P. omoricoides Weber, considered to be an extinct species,
which was formerly widely distributed and variable. WEBER considered P. omorica,
growing only on a few mountains in Serbia to-day, to be a relic of that species. He
noticed also that the fossil Picea pollen from Liineburg was rather small (MULLER and
WEBER 1. ¢.). FirBas (1927) showed that the pollen grains of P. omorica are consider-
ably smaller than those of P. abies (see table 7). He found a small type of Picea pollen
in late Pleistocene deposits in the Inn valley, and referred it to P. omoricoides. Later
FirBas and FirBas (1935) showed that similar pollen occurs in the peat from Liine-
burg, where WEBER made some of the original finds of macrofossils of P. omoricoides.
Small Picea pollen grains identified with P. omoricoides have also been mentioned from
a late Pleistocene deposit at Wartha, Schlesien, by Stark and OverBEck (1932), from
the Northern Alps by Reicu (1953), from Switzerland by Litpr (1953), and macroscopic
remains and pollen referred to P. omoricoides are reported from Poland from the
Masovian Interglacial (i. a. Dyvakowska 1952, BRem 1953, SropoN 1957, SOBOLEWSKA
1956 b).

Narbelling: Picea Zone Wi

Zone W 4
- ﬁm\ -
Ho
LOM

Bror up Hotel Bog

20%

AN TN e

20%

20 40 50 80 vi’/‘ﬂ ' 80 ! Tﬂ;':hﬁ
Fig. 3. Size-frequency distribution in fossil Picea pollen (height of air sacs).
Storrelsesfordeling hos fossilt Picea pollen (hejde af luftseekkene).
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Macroscopic remains of Picea abies have been found in Danish interglacial deposits
(J &M 1928). Thus leaves, fruits and seeds of that species occurred i. a. in the Eemian
Interglacial deposits at Brerup Hotel Bog (pollen zone h), Rodebak I, Herning and
other sites, and in the “upper mud layer” at Brorup Hotel Bog (belonging to the pollen
zones W 4-5 according to the present studies).

Size-frequency data for Picea pollen from Brorup Hotel Bog and Nerbolling are
shown in fig. 3 (size class value 2.30 p). The dimension measured is the same as that
measured by the authors mentioned above, i. e. the height of the air sacs at the line
where they join the main body of the grain, seen in side view. As Picea pollen grains are
large and thin walled the dimensions are easily influenced by variations of shape,
and a careful selection of the grains to be measured is necessary, if the distribution
curves are not to become too flat. The curves from Brorup from zone h and the lower
part of zone W 4 (at 3.26 m.) appear to be symmelrical with a major representation
around 69 p, and the upper curve from zone W 4 (at 3.06 m.) is asymmelrical with a
major peak at 53 p and a minor representation at 65-75 p. The Picea pollen from
zone W 5 was too scarce to give a sufficient number of measurcable grains, and the
curve is quite irregular. Yet it may appear that the curve is bimodal too, with modes
at ca. 53 p and at ca. 68 p. The curves from Norbolling are similar to those from zone
W 4 at Brorup. The lower curve (at 3.05 m.) appears to be symmetrical with a peak
at 64 p, and the upper one is asymmetrical with a major peak at 46 p and a minor
one at ca. 61 p.

Table 7. Measurements of modern and fossil pollen of Picea
(height of the air sacs).
Milinger af recent og fossilt pollen af Picea (hojde af luftseekkene).

Source Treatment Mean size, p
Picea omorica, Serbia (FIRBAS 1927) ................. KOH 53.1
- -, - ( - e BT e - 53.1
- -, - ( - = N e @ S B OO Ry S - 50.8
- -, - ( - T T Tl Trreaes - 42.8
-, - (FirBas and FirBas 1935) ....... - 53.7
chea abies, C. Europe, 3 coll. (FIrRBAs 1927) .......... — 67.2
— — , f. obovata, Finmarken, Norway (FirBas 1927) — 68.6
— — ,NSweden(RE1IcH 1953) .........connv... 65.3
Late Pleistocene, Ampass (F1rBAS 1927 & i os v - 68.6
- - = , Schladming ( - =0 D e amam i - 66.7
- - , Hopfgarten ( - = N e ad - 67.2
- - . - ( - = N s w s - 67.2
- - 5 - ( - = D spamesvpes — 69.7
- - y - ( - = N s e - ca. 50 ca. 68
- - , Liineburg (FirBas and Firsas 1935).. - 54.5
- - , Wartha (Stark and OVERBECK 1932) . - ca. 52 ?
- - , Grossweil-Pfefferbichl (Reicu 1953). .. — ca. 47 ca. 66
- - , Morschwil (LUDI 1953) . ......ovu0. - ca. 52 ¢a. 77
- - , Gondiswil ( — o T e - ca. 50 ea. 71
Brorup Hotel Bog, zone N...iconsessamssvnssssissws HF, acet. 68.5
= — =, = W4LEB200)..:snss50058 598 - 69.9
- - =, = WL B006 M) :s0msmomsssns - ca. 53 ca. 70
- = 5 = N e g ok SRS E S & B - ca. 53 ca. 68
l\ﬂrballmg, zone W 4-(3:05 1) s vi ¢ b s o & 500 5 550070 - 64.1

- i = W AR08 BN e st o s i s Bid - ca. 46 ca. 61
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The size-frequency distribution curves from fig. 3 suggest that the Picea pollen
represents two species, the pollen of which differs as to mean size. The modes represen-
tative of the species with the larger pollen are found at 60-70 p, and the other ones
at 46-53 p. The Picea pollen from Norbolling appears to be somewhat smaller than
the pollen found at Brorup Hotel Bog, presumably due to differences in the fossilization
conditions.

The measurements from Brorup Hotel Bog and from Nerbelling have been compared
with the data for modern and fossil Picea pollen in table 7. It can be seen that the
measurements of the pollen from Brerup Hotel Bog and Norbelling agree with the
measurements of modern pollen of P. omorica and P. abies, and with measurements of
interglacial finds of P. omoricoides and P. abies, considering the various origin and
chemical treatment of the pollen. It may be concluded that the fossil Picea pollen
from Brorup and Norbelling is referable to P. omoricoides and P. abies with a fair
probability. The measurements show that P. abies is represented alone in the samples
from zone h and the lower part of zone W 4, and that P. omoricoides and P. abies are
represented in the samples belonging to the upper part of zone W 4 and zone W 5.
It can be seen from fig. 3 that the size ranges of the pollen from the two species overlap
considerably, and it is not possible to identify individual pollen grains with one of the
species in the cases where the two species occur together.

It is remarkable that only P. abies is represented by macrofossils at Brorup Hotel
Bog (cp. above). However, the sediment from the zones W 4 and W 5 at that site is
peat, and it is possible that only the species that grew in the immediate vicinity of the
sampling points became represented by macrofossils.

Betula.

J&M (1928) found macroscopic remains of B. nana and B. pubescens in layers
corresponding to those mentioned in the present study. However, B. lortuosa cannot
be excluded. JENTYS-SzaAFEROWA (1928) reported a difference in the average size of
the pollen of Befula nana, B. verrucosa and B. pubescens (see table 8), and these results
were confirmed in the extensive investigation of ENnerotH (1951), who also showed
that the average size of the pollen of B. tortuosa is larger than that of the species just
mentioned (see table 8). The size ranges of the pollen from the species mentioned
overlap greatly, and individual pollen grains can hardly be referred to one of the
species.

Most attempts at identifying Betula species in fossil pollen samples by size-statistical
methods (i. a. JENTYS-SzAFEROWA 1928, BerTscH 1931, Facrr 1940, 1945, ENEROTH
1951) have been based upon a direct comparison of uni-modal size curves for [ossil
pollen with modern pollen in samples treated with the KOH method. WeLTEN (1944)
obtained bi- or even trimodal size-frequency curves for KO H-treated samples.

WALKER (1955) proposed to distinguish B. nana from B. pubescens by computation
of the average ratio for pore protrudence to pollen size (cp. TERRASMAE 1951, WELTEN
1944). Here too, the pollen of the two species differs only slightly, and dealing with
mixed populations this method also becomes very exacting to accurateness and number
of the measurements, and may become even more laborious than the method used here.

In the present material chemical treatment with HFF and acetolysis have been in-
dispensable. The Betula pollen grains were measured with a very small size class
value (0.56 p). Bimodal size-frequency distribution curves could be obtained, and
the measured results can be used without re-calculations (ep. WELTEN 1. ¢.).

Fig. 4 shows size-frequency distribution curves for 11 selected samples. It may be
seen that the curve from Herning (zone W 3a) and one curve from Brorup Hotel Bog

a*
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Table 8. Measurements of modern and fossil pollen of Betula. M = mean size.
Mailinger af recent og fossilt pollen af Betula. M = middelstorrelse.

M, p (figures in brackets indicate

i
|

Fossil, present material.......... HF, acetolyzed 23-25

Source Preparation numbers of collections measured)
method
nana ‘ verr. | pubesc. | tort.

Modern (JENTYS-SzZAFEROWA 1928) fresh 21.7 (2) ‘ 24.3 (2) | 27.5 (2) ‘

= - 1928) | boiling in KOH | 18.4 (5) | 21.5 (1) | 23.8 (1) |

= - 1928) | H,SO, conc. 18.9 (3) | 22.0 (3) | 24.7 (4) ‘

— (ENEROTH 1951)......... boiling in KOH | 19.4(38) | 22.1(11) | 25.0(10) | 26.1 (6)

\

(zone h) are approximately symmetrical, and that the other curves are skewed more
or less obviously to one side or the other. It is indicated, accordingly, that the two
samples mentioned first contain pollen from one species only, and that the pollen
found in the other samples is likely to originate from two species with different average
pollen sizes. Two modes, a and b, can be recognized in two of the curves from Brorup
Hotel Bog (zones W 2¢ and W 2e). Mode a may be recognized in the curves from
zone W 1 and W 2a at that site, and mode b in the curves from zone W 3a, W 3d
and W 3e. Mode a can also be recognized in the curves from Rodebeaek I (zones W 1
and W 2¢), and mode b in the curve from Herning (zone W 3 a). Thus, although slight
variations exist, the modes a and b may be traced in the various curves without
difficulty.

It can be seen from the graphs in fig. 4 that mode a varies at 23-25 p, and mode b
at 27-29 p. The measurements have been compared with measurements of modern
Betula pollen in table 8. Considering the preparation methods used (see table 8), it
is to be expected that the fossil pollen is somewhat larger than the modern. Hence, it
seems to be justified to assume that B. nana contributed the pollen constituting mode a,
and B. pubescens the pollen constituting mode b, especially as these two species were
identified from macrofossils in the same layers (see below). As the pollen of B. fortuosa
is somewhat larger than that of B. pubescens (see table 8), mode b is unlikely to be
due to pollen from that species, but it cannot be concluded that it was entirely absent.

The following picture of the composition of the Befula populations from the three
sites at different times may be obtained on a basis of the curves in fig. 4.

Brorup Hotel Bog.
Zone h: Only one species represented, presumably B. pubescens. Wood of an
arboreal Betula species occurred in the layer (at BP 3, J&M 1928).
Zone W 1: Betula nana pollen dominant, probably with a slight representation of
B. pubescens pollen.
Zomne W 2a: Similarly, probably a still smaller proportion of B. pubescens pollen.
Leaves of B. nana occurred in the subzone (at 6.60 m. at BP 1 (STA), see p. 56).
Fruits of Betula nana were found by J&M in a layer from the subzone (BP 3,
J&M 1. c., see p. 56).
Zone W 2¢: B. nana and B. pubescens represented almost equally. As it will be
discussed later (p. 53) most of the Befula pubescens pollen is likely to be derived
from older deposits here. Macroscopic remains were rare in the layer (layer H,
J&M 1. ¢.).
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Zone W 2e: B. nana and B. pubescens represented almost equally. The sample
represents the transition to zone W 3. Rebedded pollen is scarce (p. 53), and the
presence of B. pubescens pollen indicates a beginning increase in the frequency
of that species.

Zone W 3a, d and e: The 3 curves from the zone are uniform. B. pubescens pollen
dominates, and B. nana was rather common, yet. Fruits and catkin scales of B.
pubescens were very common, and similar remains of B. nana rather rare in these
layers (E-G, J&M L ¢.).

Rodebak I.
Zones W1 and W 2¢: B. nana pollen dominates both samples, and pollen of
B. pubescens is rare. Fruits and catkin scales of B. nana were quite common in
zone W 2¢, and such remains of B. pubescens were rare (layer D, J&M 1. c.).

Herning.
Zone W 3a: B. pubescens pollen dominates, and the amount of B. nana pollen
is quite insignificant. The two species are represented by macroscopic remains
(layer F, J&M 1. ¢.).

The size-frequency distribution curves discussed above give only information about
the frequencies for the pollen of the Befula species in relation to each other. The
frequencies for the Betula pollen in percentages of the pollen totals are shown in
table 9.

Table 9. Frequencies for the Betula pollen, in percentages of

the pollen totals.
Hyppigheder for pollen af Betula, i procent af pollensummen.

Herning BP' 5 (STA) . «svmans sais 4.85 m. 419 4.31 m. 26 %
Rodebaek I 57 m N.............. 3.17 34 5.88 17
- T9m N s esmmesssianns 4.34 36 6.82 24
Brorup Holel Bog BP 1 (STA). ... 2.77 67 7.36 28
- S 3.06 52 751 40
- Mk E 4.25 65

The lowermost line in each size-frequency distribution curve in fig 4 shows frequencies
of the pollen occurring in the various size classes in per cent of the pollen total. The
latter curve gives a certain idea of the frequency changes in the two species mentioned
in relation to the pollen total. Thus it appears that the frequencies for the Betula nana
pollen at Brerup Hotel Bog are rather constant in the zones W 1-W 3, and that the
frequencies for the Befula pubescens pollen vary considerably. Hence, the changes in
the Betula curve seen in the pollen diagram (plate VI) are due mainly to changes in
the frequencies for Befula pubescens pollen.

The Betula pollen found in the subzones W 2b and d at Brerup Hotel Bog was not
suited for measurements, and the pollen of the genus occurring in the zones W 4-W 5
at that site was too scarce for extensive measurements. Measurements from the peak
for Betula pollen in subzone W 5b (BP 2 (STA), see p. 60) suggest dominance of
B. pubescens pollen.

Empetrum.

The pollen tetrads of Empetrum have often been identified in fossil state (sca, C short
and irregular). A substantial difference in average size between the pollen tetrads of
the diploid E. nigrum and the tetraploid E. hermaphrodilum was mentioned by FaGri
(1936) and by Erprvan (1938, 1943). Facrr (1945) demonstrated the presence of
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Table 10. Measurements of modern and fossil pollen tetrads of Empetrum. M = mean size.
Malinger af recente og fossile pollen-tetrader af Empetrum. M = middelstorrelse.

Source Treatment M, u
nigrum | herm.
Overneok 1934 AT &« o5 cs s snms s vsaksss KOH 28.4
ErprMAN 1943, modern ..................... acetolyzed 27.9 40.7
Faort 1915, oderm & oo eevs 50 o5 v sw s awses e KOH 34.0
- 1945, e acetolyzed 39.4
= JOUB, Postlaeial . uwsssws ow s sopvai s KOH 34.7
JESSEN 1949, modern ..........c.eivneevennns - 31.0 40.3
- 1949, Late-Glacial ................... - 31.0
Brorup Hotel Bog, zone W1 (BP 1)........... HF, acelolyzed 32.5 ca.41
- - — 5 — WIMBEL)isisiniess - 32.8 ca. 40
— - — , all other samples........... - 33.1 ca.42
- - — 5 Zzone W B (BP 2) :ss:vissans - 33.4
Rodebzek I, zone h (79 m.)................... - 32.5
- i+ = BT M) sssvmsemrsspessiss - 35.4
— , — W1@9m) ....ovvvvnnnnn.. - 35.0 @e¢a. 44
- gy = WILIEGBTMY) wosusssevapmswss - 33.6 ca.44
- 5 = W RGBT T2 5w nmnbedins b 3 - 34.0 ca.41
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Fig. 5. Size-frequency distribution in fossil Empetrum
pollen tetrads, Brerup Hotel Bog.
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Fig. 6. Size-frequency distribution in fossil Empetrum pollen
tetrads, Rodebaxek 1.
Storrelsesfordeling hos fossile Empetrum pollen tetrader,
Rodebzk 1.

fossil pollen tetrads of E. hermaphroditum in a subalphine bog in Southern Norway,
and JEsSEN (1949) demonstrated the presence of E. nigrum in Ireland in the Late-
Glacial. Size measurements from the literature are compared with figures reached
from the present material (see below) in table 10.

Size-frequency distribution curves for fossil Empefrum pollen tetrads from the present
investigation are shown in fig. 5 and 6. The largest diameter of the tetrads was measured
in all cases (size class value 1.20 p). Measurements of inflated and crumpled tetrads
are shown separately. It appears that the difference between inflated and crumpled
tetrads is small. The largest diameter is always smaller in the crumpled tetrads than
in the inflated ones. The inner walls of the tetrads form a rigid structure, and crumpling
produced usually a caving in of the single grains causing a slight decrease of the size
of the whole tetrad (pressure causes often an increase in one of the dimensions in single
pollen grains).

The size-frequency distribution curves from zone W 1 at Brorup Hotel Bog (fig. 5)
are skewed with principal modes at 31.2-32.4 p, and small secondary ones at ca.
40-41 p. It appears that both E. nigrum and E. hermaphroditum are represented, and
that E. nigrum pollen was dominant. A curve for all inflated Empetrum tetrads found
at BP 1 is also shown in fig. 5. The size-frequency distribution curve is similar to the
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curves from zone W 1 with a slight, but obvious representation of E. hermaphroditum
pollen. All tetrads (inflated ones as well as crumpled ones) larger than the 38.4 p size
class (indicated by a vertical line in fig. 5) have been included in the curve for E. herma-
phroditum shown in the pollen diagram from BP 1 (plate VI). At BP 2 Empetrum
pollen occurred in the zones W 3e, W 4, W 5 and W x. In the zones W 3e and W 4
the Empetrum tetrads were too scarce for a size-frequency distribution curve. Only one
tetrad (zone W 4) was larger than 38.4 u, and it may belong to E. hermaphroditum.
The measurements from zone W 5 (see fig. 5) show that there is only a slight, if any,
representation of E. hermaphroditum (tetrads larger than 38.4 p). In pollen zone W x
only crumpled pollen tetrads occurred, and the number of tetrads measured is small,
still it may appear from the curve shown in fig. 5 that some tetrads larger than 37.2 p
may be referred to E. hermaphroditum.

At Rodebaxk I the Empetrum pollen was less well preserved. It appears from the
curves shown in fig. 6 that E. nigrum and E. hermaphroditum are represented, E. herma-
phroditum pollen was apparently rare or absent in zone h, and the pollen of the species
was rather common in the zones W 1 and W 2e¢. The vertical lines in fig. 6 indicate an
approximate lower size limit for E. hermaphroditum pollen tetrads in the various cases.

At Herning and at Norbelling the numbers of Empefrum tetrads were too small for
size-studies. However, presence of E. nigrum alone is indicated.

Plantago.

Plantago pollen grains in the present material have been identified with P. lanceolata,
P. maritima s. 1. and P. media. The characters used for the identifications is shown in
table 11. The pollen of the species represented in the table falls into two major groups
according to the presence or absence of a pore annulus (cp. IVERSEN 1941). The pollen
grains of Liltorella uniflora resemble those of P. tenuiflora (see table 11), but they are
considerably larger.

P. lanceolata. The pollen grains of the species have annulate and usually operculate
pores. They are rather similar lo the pollen of P. coronopus, but differ as the scabrate
elements are more distinct, and in pore number. Pore number-frequency distribution
in P. lanceolata and P. coronopus, and in 39 fossil pollen grains referred to P. lanceolata
are shown in the tables 12-13 and in fig. 7. It can be seen that the pollen of P. coronopus
and P. lanceolata difler essentially as to pore number, and that the fossil grains are
comparable with the modern P. lanceolala pollen. The fossil pollen grains have been
found in the interglacial deposits, and in the zones W 1 and W 2 (see plate 1II). Recn
(1953) and WesT (1957) mention the occurrence of pollen of P. lanceolata in deposits
from the Eemian Interglacial in Germany and England.

The pollen grains of P. lanceolata found in the zones W 1 and W 2 in the present
material occur in such a manner that they may be considered to be rebedded from the
interglacial layers (see p. 54). The species is not represented in the climatically favorable
zones W 3-W 5, and it appears that the species became extinct in Jutland during
the zones W 1-W 2. Finds of the species are very rare in the Late-Glacial and in the
early Postglacial (IverseEn 1941, 1954, Gopwin 1956). IvERSEN (. ¢.) considered the
Danish Late-Glacial finds to be unreliable, and it is suggested that P. lanceolata became
extinct in a wide area in Europe during the Weichselian Glacial.

P. maritima s.1. Genetic relationships and differentiation within this interesting
complex have been the object of a thorough study by Grecor (1939 and earlier).
According to that author plants from North America, Greenland and North and Central
Europe corresponding to the conventional species P. juncoides Lam., P. decipiens
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Table 11. Characteristics for pollen of Plantago species (as seen with ordinary optics,
unless otherwise stated).
Karakterer for pollen af Plantago arter (set med almindelig optik,
medmindre andet er navnt).

‘ | scabrate
; P delimita- | P structure elements
Species P number tion (B) ™ verrucae (phase
‘ contrast)
lanceolata .. ................ (7)9-12(16) | annulate operculate -+ diffuse very
3bh)H @Y distinet?)
COTONOPUS: <+ voio v e b somimio o wesio » (4)6-7(9) annulate (3b)| operculate, distinct- minute
rarely diffuse
granulate
(2-3)
alpina, carinata, juncoides, mari-
tima var. salsa, serpentina. .. | (1)5-8(11) annulate granulate, | variable distinet
(3a-b) rarely
operculate
(2-3) [
MATHIa PP o - 5 oon = v 5805 5 omen (1)5-7(8) distinet (2) granulate (2) | -+ diffuse distinct
DCHEA « 05 4 5wt 6 50w ¢ 5 w0n v ¢ w0 2 distinet (2)1) | granulate vigorousand | distinct!)
)Y distinet
ORI « o « 5iwos o s o0 v 3 wsvn s diffuse (1) granulate (2) | distinct distinct
TRAJOL w0 s 5 5w s 5 30 4 850 3 5 3 diffuse (1) | granulate (2) | distinet very fine or
‘ invisible
0317171 (0) s AR R >9 diffuse (1) granulate (2) | diffuse distinct
1) cp. BRADLEY 1958.
[4]s EE M;z 5 w15]

Plantago coronopus

Plantago lanceolata (
|
\

Plantago lanceolata ‘
zones h — W 2 ‘

Fig. 7.

i

Pore number-frequency distribution in modern pollen of Plantago coronopus and

P. lanceolata (black), and in fossil pollen of P. lanceolata (white, cp. the tables 12-13).

Fordeling af pore-antal hos recent pollen af Plantago coronopus og P. lanceolata (sort) og
hos fossilt pollen af P. lanceolata (hvid, sml. tabel 12-13).
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Table 12. Pore number-frequency distribution in modern pollen of Plantago coronopus.

M = mean number. ¢ = standard deviation.
Fordelingen af pore-antal hos recent pollen af Plantago coronopus.
M = middeltal. ¢ = standardafvigelse.

Bet, No. of | Pollen Pore number

no. Source - M o
DGU plants | total 1156789

; T T

2535 |N Sjxlland, Denmark...| >1 100 | 2 | 21 | 64 | 11 2 ’ 5.90 | +0.69

- Achill Island, Ireland...| >1 100 15 | 64 | 21 6.06 | +0.60
2836 |Surrey, England....... 2 100 8| 51 | 37 4 6.37 | £0.69
2841 |Cannes, France........ 1 100 3| 40 | 56 o 6.55 | +0.57
2534 !S Sjelland, Denmark...| >1 i 100 \ 9162 |24 | 5| 7.25| +0.68

‘ Total. . ‘ ’ 600 ’ 2 I 47 (228 |187 | 31 ‘ 5 | 6.43 ‘ +0.64

Barnéoud, P. borealis 1.ge., P. maritima L., P. alpina L. and P. carinata Schrad. are
diploid and interfertile forming a coeno-species, P. coeno-maritima, which contains
widely varying ecologic types and clines. In the Alps tetraploid populations occur,
which are cross-incompatible with the diploids. Their taxonomic relationship is not
very clear (cp. GREGOR 1. c., EARNsHAW 1942), but it appears that the tetraploids occur
mainly in P. serpentina All., which is restricted to the Alpine area.

The morphologic characteristics of pollen from species within the P. maritima
complex will appear from table 11. In a large material from the species mentioned
pollen grains with annulate and non-annulate pores occur. The study of this material
will be continued on a more comprehensive basis. So far all plants examined from
Northern Europe (including specimens from Iceland, northernmost Norway and the
Scottish Highlands) and the lowlands of Central Europe outside of the Alps have

Table 13. Pore number-frequency distribution in modern and fossil pollen of Plantago lanceolata.
M = mean number. ¢ = standard deviation.
Fordelingen af pore-antal hos recent og fossilt pollen af Plantago lanceolata.
M = middeltal. ¢ = standardafvigelse.
Bek. | ; ‘ No. of| Pollen i Pore number ] I
no. Source Tant ! folaT | M o

DGU ‘ | plants | |778] 9 |10 11| 12 [13]14]15]16; \

| \
2812 \(}enou, 71 O | 1 ‘ 100 | 3|25 38| 29| 5 | ‘ ‘ ‘ 9.08 | £0.92
2813 |Sommerset, S England. .. >1 100 | 2{17| 44| 25| 11| 1 [ [ 9.29 [ £+0.97
- Stockholm, Sweden . . . .. ? 100 9| 40| 34| 13| 4 | 9.64 | +-0.96
1615 |Gotaland, Sweden. . ... .. 7/ 100 | 2| 8| 22| 47| 17| 4 ‘ ‘ 9.81 | +1.01
2786 |S Sjelland, Denmark....| >1 100 3| 16| 33| 28| 7 10‘ 1] 2/ [10.64 | +1.41
2811 |Cluj, Romania.......... 1 100 7| 22| 44| 21| 5 1| | 110.98 | £1.00
1633 W Sjelland, Denmark . . . 1 100 2 9 26 2;')[ 29 4| 5 [ 11.02 | +1.30
2838 |Wien, Austria .......... 1 100 3| 6] 27| 25| 16| 9| 8 3| 3| 11.37 | £1.77
2824 |Galicia, Spain.......... 1 100 3| 12 30‘ 2820 4‘ 3 11.74 | +1.27

\ ‘ \ | ‘ [ | | \
‘ Total. .. 900 | 7 67‘185[L55i198‘110 48‘19 8‘ 31 10.40 | £1.51

| |
| [ | |
Fossil, zonesh-W 2 .. ... 39 2 3| 7 14{ 9 4 ‘ ; 9.95 | +1.26
l [ I
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pollen grains with non-annulate pores. Plants from maritime and inland habitats in
Denmark (cp. IVERsEN 1936Db) differ slightly also as to pollen, and the material suggests
mixing (introgression) between two types. Pollen grains with annulate pores dominate
in plants from Eastern North America and Greenland (corresponding to the con-
ventional P. juncoides).Such a result corresponds to the result of GReGor (1. c.) that a
major discontinuity occurs in the North Atlantic populations of the coeno-species
between North America-Greenland and Iceland-North Europe. The annulate pollen
type dominates also in plants from the Alps corresponding to P. alpina, P. serpentina
and P. carinala, and in plants from Southern Russia and Asia belonging to P. maritima
var. salsa (Pallas) Pilger.

By courtesy of Professor J. W. GREGOR pollen from arteficial hybrids of diploid
P. alpina and diploid North European P. maritima, have been examined. It proved
that the hybrids produce both annulate and non-annulate pollen with predominance
for pollen of an intermediate type.

Table 14. Pore number-frequency distribution in modern pollen of Plantago maritima and
allied species, and in fossil pollen of P. maritima s. 1.
M = mean number. ¢ = standard deviation.
Fordelingen af pore-antal hos recent pollen af Plantago maritima og
beslegtede arter og hos fossilt pollen af P. maritima s. 1.
M = middeltal. ¢ = standardafvigelse.

S Pollen Pore number ’
ource Total = M o
! 1/2]3]4]|5] 6 |7]8]9]10]11
| |
P. maritima, N Europe . .. .| 3300 | ! 1 40/915/1598|637(107, 2 | 5.96 | +0.82
Fossil, non-annulate, ‘ ‘ ‘
zones W1-W5........ 52 | 2| 12| 22| 14| 1] 1 6.06 | 4:-0.95
P. juncoides . ............ 1000 | 1] 6| 11| 68|248| 387|203 66| 10 5.92| +£1.14
Pooarinala s o5 sows s ws 200 2| 7| 48| 97| 40| 6 6.11| £0.85
P. maritima var. salsa . . . . . 600 | ‘ 6106 290|145| 40| 10| 1| 2| 6.25| £0.76
P.alping .o vunsssass insa 1100 | 1| 2| 3| 26|122| 333(365(193| 42| 11| 2| 6.67 | +1.19
P SEEPERIIR o 1. oce 00000000000 600 \ | 1‘ 8| 40| 134/180/101| 30| 5| 1| 6.73 | £1.10
Fossil, annulate, ‘
zonesW1-W5H........ 28 | 4 12‘ 11, 1 6.32 | £0.77

Fossil pollen referred to P. maritima s. 1. occurred quite frequently, especially in
zone W 2. Both the annulate and the non-annulate type occur and are rather well
distinguished (see plate IV). Among 65 pollen grains counted in the pollen analyses 53
grains belonged to the non-annulate type and 12 grains to the annulate type. The non-
annulate pollen grains belong no doubt to the North European P. maritima, a species
of wide distribution and highly variable habitat preferences. They most closely resemble
pollen from plants from inland habitats. The identity of the annulate pollen grains is
not quite clear. As all diploid plants interbreed freely it seems unlikely that a diploid
species with such pollen could have *“‘survived’’ mixing with the much larger population
of plants with pollen of the non-annulate type. It thus seems to be more likely that the
fossil pollen of annulate type represents tetraploid plants. As mentioned above the
chromosome numbers of the alpine species are not known very well, but it appears
that tetraploids occur only rarely in P. alpina (cp. GREGOR 1. ¢.). Hence, it is suggested
that the fossil pollen grains of annulate type belong rather to P. serpentina, but a clear
identification is not possible at the present. Pore number frequency distribution in
various modern types and in the fossil pollen grains is shown in table 14 and fig. 8.
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Fig. 8. Pore number-frequency distribution in modern pollen of Plantago species related
to P. maritima (black), and in fossil pollen of P. maritima s. 1. (white, cp. table 14).

Fordeling af pore-antal hos recent pollen af Plantago arter beslegtede med P. maritima (sort)
og hos fossilt pollen af P. maritima s. 1. (hvid, sml. tabel 14).
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It may be seen that the modern material is rather uniform, but small differences may
exist. The fossil material is small. Still it may be seen that the pore numbers of the
fossil grains compare favourably with the corresponding modern types.

The pollen of non-annulate type occurred in all pollen zones. The 12 pollen grains
of annulate type counted within the pollen analyses occurred in zone W 2 (7), W 3 (3),
W4 (1) and W x (1). van pER HammeNn (1951) and Iversen (1954) referred Late-
Glacial pollen grains of a similar type tentatively to P. alpina. The reasoning given
above also holds true for that material.

Plantago media. Pollen grains referred to the species were recorded from all the
pollen zones.



IV. DESCRIPTIONS OF THE SITES AND
THE POLLEN DIAGRAMS

Brorur HoTeEL Boa

After the investigations of N. Hartz (Hartz 1909) the name of Brorup has become
classic in the study of interglacial fresh-water deposits in Jutland because of the great
number of peat bogs from the Eemian Interglacial found within the town and in the
surrounding area (see also JEsSSEN, MaADSEN, MILTHERS and Norpman 1918). J&M
(1928) found some new sites in that neighbourhood, among which was the one named
after Brorup Hotel, in the garden of which it was located. Later on the grounds came
into the possession of the Sports Club of Brerup, and a football field was established
on top of the interglacial bog. The Sports Club of Brerup has generously allowed
borings on the football field, but the existence of the field has put certain limitations to
the new geologic activities.

Sediments.

The Brorup Hotel Bog and Brorup itself are situated on a high plateau, which forms
a divide between the rivers Kongedaen and Holsted A (see the maps, fig. 2 in J&M
(1. ¢.) and fig. 11 p. 123). The site was not reached by the Weichselian glaciation, but
according to the map of MiutaHeERs (1948) the outermost position of the glacier was
found only a few hundred meters northeast of the site. J&M (1928) constructed a
transect of the Eemian Interglacial deposit and its covering layers from borings and
excavations (l. c., plate XIII), and their profile is referred to as for the general conditions
of the bog. The basin is remarkable for its small size (ca. 50 meters across) and its
deepness (up to 10 meters, see also J&M, 1. c., p. 88).

In 1954 a new boring (BP 1, STA) was carried out near the position of BP 3 (J &M).
The sequence of sediments is similar to that found by J&M, but a more detailed
sequence could be distinguished due to the improved sampling method (p. 12). In
1957 2 borings (BP 1a and BP 2, STA) were made, their main purpose being to obtain
a better representation of the youngest layers, and to oblain larger samples for enriched
C 14 measurements (p. 131). The boring BP 1a (STA) was nearly identical to BP 1
(STA). BP 2 (STA) is located near BP 4 (J &M). In the descriptions below the strata
have been designated with capital letters corresponding to those used by J&M. The
transitions between the strata are gradual, if not otherwise stated.

BP 1 (STA)

0.00 —0.70 m. Made ground.
A 0.70 —1.40 m. Agricultural soil.
BC 1.40—-2.69 m. Grey sand, lowermost some stones. Lower limit sharp.
E3 2.69—280 m. Humified herbaceous and mossy peat with some dy? (Th? 2,
Sh 2). Strongly stratified. Leaf epidermis of Larix (2.79 m.).
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E4 280—-3.12 m. Argillaceous coarse-detritus gyttja. Coarse-detritus occurring
especially at the uppermost and the lowermost parts of the
stratum (Dg 1, Ld*2, A 1).

E5 3.12—3.74 m. Non-humified herbaceous peat (Th' 4). A catkin scale of Betula
pubescens (3.20 m.) and seeds of Menyanthes trifoliata (3.50 m.).

F1 3.74—3.89 m. Coarse-detritus gyttja (Dg 2, L.d? 2).

F2 3.89—4.24 m. Argillaceous coarse-detritus gyttja (Dg 1, Ld?2, A 1). Fruits of
Betula pubescens and Carex sp. (4.00 m.). The lower limit sharp.

H1 4.24—-589 m. Silt and clay with some sand and fine-detritus (Ld®1, A 2,

Ga+s 1). Above 4.35 m. the deposit consisted of small, angular

lumps. Dopplerite occurred between the lumps.

Clay or silt with a little fine-detritus (Ld? 0-1, A 4).

Coarse-detritus gyttja (Ld* 2, Dg 2), below 7.20 m. rather much

humified substance and some drifted fragments of herbaceous

plants (L.d® 2, Dh 1, Dg1). Leaves of Betula nana (6.60 m.).

The lower limit sharp.

J2 7.41—-7.46 m. Rather humified herbaceous peat (Th?® 4).

J3 7.46—(7.79)m. Wood peat with much =+ dissolved wood (TI1* 4). Above 7.55 m.
charred wood of Picea. 7.64-7.68 m. a horizontal branch or
trunk of Alnus glutinosa. The interglacial deposits extend to
9.60 m.

H2 5.89—6.00
J1 6.00—-7.41

EE

In the terms of J&M (1928), stratum J constitutes the ““lower mud bed”, stratum H
the “‘middle bed”, the strata E and I the “upper mud horizon”, and the strata A-D
the covering deposits. The equivalent of layer G described by J&M (1. ¢.) as sandy
mud has not been refound with certainty. It corresponds probably to a part of layer H,
as described here.

BP 2 (STA)
0.00 —0.65 m. Made ground.

AC 0.65—2.50 m. Sand.

D 2.50 —2.60 m. Argillaceous sand with some fine-detritus (Ld? 1, Ga+s2,A 1).
The lower limit sharp.

E1 2.60—3.07 m. Humified herbaceous peat, strongly stratified (Th*4). Upper-
most some fine sand. Roots of Calluna vulgaris (2.64-2.91 m.).
Especially below 2.91 m. many remains of Eriophorum vaginatum.

E2 3.07—3.22 m. Wood peat with many thin tree roots (T1* 4). Twigs of Calluna
vulgaris and Betula cf. pubescens, wood of Pinus.

E3 3.22—3.30 m. Humified herbaceous peat, strongly stratified (Th* 4). 1 seed of
Carex (3.26 m.) and several seeds of Menyanthes trifoliata
(3.29 m.).

E4 3.30-(3.49)m. Argillaceous coarse-detritus gyttja, coarse-detritus especially at
the uppermost part (Dg 1, Ld*2, A 1).

Below this level the large sampler did not work satisfactorily, and the boring was
discontinued.

Chemical Analyses.

Ash content was analyzed in three samples (BP 1). The results are shown in table 15.

It can be seen from table 15 that silicates completely dominate the ash content.
Carbonates and ferrosulfides have been insignificant, as the content of CaO and Fe,O,
is very low.
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Table 15. Brorup Hotel Bog. Analyses of ash content. The figures indicate percentages of
the dry weight.
Brerup Hotel Mose. Analyser af aske-indhold. Tallene angiver procenter af tervagten.

Stratum | Depth (BP 1) ‘ Soluble in warm, diluted HCI Ins?_l(;_lb}e Totai ash
FeOs | 0a0 | MzO | AlD, | residue | content
E5 3.49-3.60 m. 0.3 0.6 0.1 1.7 16.3 19.56
H1 5.58-5.70 0.8 0.2 0.2 2.2 75.0 79.0
J 1 6.08-6.20 0.5 0.5 0.2 3.2 49.4 54.4

Values for loss on ignition and “humus’ content (p. 13) are shown in table 16,
and in fig. 9 (right side, hatched area and black bars). It may be seen that the organic
content varies highly. Thus the organic content is very high in the peaty layers (loss
on ignition in layer E 3: 979, E 5: 90%, J 1 (below 7.20 m.): 829%,). In the detritus
gyttjas (layers E 4, F 2, J 1) the values for loss on ignition vary from 64 to 249,. In
the strata H 1 and H 2 the organic content is low (loss on ignition down to 79)).

Table 16. Brorup Hotel Bog. Determinations of organic content.
The figures indicate percentages of the dry weight.
Brorup Hotel Mose. Bestemmelser af organisk indhold.
Tallene angiver procenter af tervaegten.

Stratum ‘ (11)3%)11]; }g(:;:l((:; Stratum 836}1‘;’ tlh) I(;Iolilrtrgxlft
E 3 2.71 m. 97.29% E 4 2.98 m. 27.19%
2.79 57.2 E5 3.49-3.60 73.2
E 4 3.00 40.2 3. 83.5
E 5 3.53 80.5 H 1 4.46-4.57 8.1
3.70 90.0 5.08-5.19 11.4
F 1 3.85 44.5 5.58-5.70 14.3
F 2 4.00 23.9 : L . - 22.0
H 1 4.25 47.3 H 2 5.89-5.95 6.8
4.40 12.5 J 1 6.08-6.20 36.9
5.27 16.4 6.42 54.4
5.58-5.70 21.0
5.72 20.4
5.86 24.4
H 2 5.96 B 7.2
J1 6.15 45.5
6.46 64.3
6.86 64.0
7.26 82.1

Organogenic minerals (lime, cp. above, diatom shells and sponge spicules) are
virtually absent, and the curve for the loss on ignition and the “humus’ determinations
thus offer good measures for the changes in the balance between influx of allochtonous
mineral matter, and sedimentation of organic matter. Thus it may be seen in fig. 9
that the mineral content increases strongly in the uppermost part of layer J 1. The
mineral content is high in the layers H 2 and H 1, generally, with a small increase for
organic content in the lowermost part of layer H 1. The sedimentation of allochtonous
mineral matter had apparently increased strongly. This change was probably due to a
cooling of the climate (cp. p. 14).
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The organic content increases again in the layers F and E. It is especially high in
the peat layers (E 3, E 5). The climate improved presumably. As discussed later, the
small maxima for mineral content in the layers I 2 and E 4 correspond to rises in the
local water level in connection with minor climatic oscillations.

Pollen Analyses.

The pollen diagram published by J&M (1928) was based on rather few analyses.
Still it shows clearly enough that the lower mud bed corresponds to the Eemian Inter-
glacial. Pollen diagrams from BP 1 and BP 2 (STA) are shown on the plates VI and
VII (cp. the tables 28-29). In the curves for local plants (at BP 1) the values for Elisma
and Callitriche have been summarized in a special curve (Limnophytes II). The reason
is that their values follow the curve for Telmatophytes rather than the curve for the
other Limnophytes (Limnophytes I, see also p. 99).

Rebedded Pollen.

J&M (1928) noticed that the mineral layers, which constitute the ‘“‘middle bed”
(layer H) contained rolled fragments of wood of Picea and lumps of mud, which
contained fruits and leaves of Ajuga replans, Alnus glulinosa and Picea abies. They
ascribed these remains to re-deposition from the interglacial bed below (l. c., p. 85).
Hence, it is obvious that rebedded interglacial pollen and spores also must be suspected
to occur.

The frequency for the pollen from the most thermophilous trees and shrubs was
calculated for each sample (X “thermophilous trees and shrubs”, which comprises
the pollen of Alnus, Carpinus, Corylus, Fraxinus, Ilex, Quercus, Taxus, Tilia, and Ulmus).
All of these trees and shrubs are known to have occurred in the Eemian Interglacial,
and it was considered that their pollen must certainly be secondary in the layers from
the cool intervals, if any rebedded pollen occurs there. A curve for the pollen of the
“thermophilous trees and shrubs” is shown in fig. 9 (black silhouette), and it may be
compared with the values for mineral and organic content (cp. above). Its values are
high in the peat from zone h (up to above 259%,), but this pollen disappears almost
completely in the course of the zone, and it is very rare in zone W 1, presumably due
to decreased temperature. This result corresponds to the opinion of J&M (l. ¢.), that
the interglacial stage was followed by a cold stage. The curve for ‘“‘thermophilous
trees and shrubs” rises again in zone W 2, but the pollen of these plants becomes rare
again in zone W 3. The pollen from the ‘“‘thermophilous trees and shrubs’ is thus
most frequent in the highly mineral layers of the “‘middle bed’”. This fact shows clearly
enough that their pollen must be secondary there.

It appears from fig. 9 that there is an intimate relationship between the curve for
% “thermophilous trees and shrubs” and the amount of mineral matter occurring in
the sediments from zone W 2. Hence, it may seem clear that the incidence of that
pollen was connected with erosion, and that it had been washed into the lake together
with the allochtonous mineral matter. The rebedded pollen is also present in the samples
from the beginning of zone W 3, but only in very small amounts. The erosion was
apparently less intensive at that time, but the frequencies of the secondary pollen
may also have become depressed somewhat due to a high pollen production from the
contemporaneous Belula forests.

As the samples from zone W 2 are contaminated with older pollen, they give, of
course, rather uncertain information about the composition of the contemporaneous
vegetation. The pollen of the “thermophilous trees and shrubs” must certainly be
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Fig. 9. Relationship of rebedded pollen to mineral and organic content of the sediments,

Brorup Hotel Bog, BP 1. Left side: Pollen zones, total of pollen of “‘thermophilous trees

and shrubs’ (black silhouette, percentages of the pollen totals), and “‘all secondary pollen”

(hatched silhouette, percentages of the pollen totals). Right side: Sediments, “‘humus”

content (black bars, percentages of the dry weight), and loss on ignition (hatched silhouette,
percentages of the dry weight).

Forekomst af omlejret pollen i forhold til mineralindhold og organisk indhold i sedimen-

terne, Brerup Hotel Mose, BP 1. Venstre side: Pollenzoner, summen af pollen fra “varme-

kreevende treeer og buske’™ (sort silhouet, i procent af pollensummen), og ‘‘alt sekundeert

pollen’ (skraveret silhouet, procent af pollensummen). Hejre side: Sedimenter, ““humus’

indhold (sorte sejler, i procent af tervaegten), og gledetab (skraveret silhouet, i procent af
torvaegten).

considered to be rebedded, but some doubt must remain as to the origin of the other
pollen and spore types found in zone W 2. The source of the rebedded pollen cannot
be explored, as it must be assumed that such layers were destroyed by the erosion,
and it can only be said that those deposits must have been older than zone W 2. Absence
of Tertiary pollen, which usually characterize the tills in Western Jutland, suggests

4%
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that most of the secondary pollen had been derived by erosion of pollen-bearing
deposits from the Eemian Interglacial and from zone W 1. Such deposits would
certainly have been immediately available for erosion, and it may be expected that
other pollen and spore types from these deposits may occur as rebedded too. However,
pollen from plants characteristic of forestless condilions may be primary.

3 groups of components may, accordingly, occur in the pollen flora of the highly
mineral sediments from zone W 2:

(1) Pollen belonging to the “‘thermophilous trees and shrubs’. Its secondary origin
seems to be rather clear,

(2) Pollen from other plants, which are likely to have been represented in deposits
from the Eemian Interglacial, and from zone W 1, such as Picea, Betula,
Calluna, Empetrum, Arctostaphylos,

(3) Pollen from plants characteristic of forestless conditions such as Salix, Gramineae,
Cyperaceae, Artemisia, Rumex, Plantago maritima etc. There is a chance that
the pollen from such plants came from the contemporaneous vegetation and is
primary.

As mentioned above, the curve for X “thermophilous trees and shrubs’ shows a
very intimate relationship to the erosion activity. It may thus be used as a measure
for the degree with which the samples are contaminated with derived pollen. A pre-
liminary glance at the pollen diagram from BP 1 (plate VI) will show that the curves
for the genera mentioned in group (2) above are actually parallel to the curve for X
“thermophilous trees and shrubs’ in zone W 2. The curves for the plants from group (3)
show an opposite trend. Thus, the curves for the plants from group (3) decrease sharply
in the clay layer H 2 (subzone W 2b), where the curve for rebedded pollen reaches
maximum values, and their values increase immediately above that layer, in cor-
respondance with a minimum for secondary pollen (subzone W 2¢, see especially the
curves for Salix (17)'), Gramineae (19), Cyperaceae (20), Rumex acelosella type (21),
Potentilla (22), Galium type (23), Tubuliflorae (24), Liguliflorae (25), Artemisia (26),
Astragalus alpinus (31), Lotus (32), Plantago maritima (34). Hence, the pollen types
mentioned can hardly belong to the rebedded group.

The correlation with the curve for £ “thermophilous trees and shrubs’ has been
calculated for some characteristic curves, see table 17.

The smallest significant numerical value of r for P = 0.05 are indicated according
to FisHER (1944).

Table 17 shows that there is a close direct correlation between the incidence of the
pollen belonging to X ‘“‘thermophilous trees and shrubs” and the pollen of Picea,
Calluna, Empetrum and Pinus (r significantly larger than 0). Little doubt can remain
that at least the main proportion of the pollen from these plants belongs to the rebedded
fraction too. For Arctostaphylos uva-ursi the significance of the correlation is somewhat
doubtful, and it is suggested that primary pollen of the species may occur (especially
in subzone W 2¢). The Artemisia pollen shows negative correlation (r significantly
smaller than 0). The pollen of the genus is thus unlikely to have been associated with
the re-deposited material, and it may be safely considered to be primary. The Plantago
maritima pollen shows negative correlation too, but the significance of the correlation
is a little doubtful. However, the curve for the species is correlated positively with the
Artemisia curve in a significant way (see table 17).

1) The figures in brackets indicate the curves in the pollen diagram (plate VI).



53

Table 17. Brorup Hotel Bog. Correlation with X “‘thermophilous trees and shrubs’.
N = number of pairs. r = coefficient of correlation. ¢ = standard deviation.
Brorup Hotel Mose. Korrelation med X ‘‘thermofile traecer og buske’.

N = antal par. r = korrelationskoefficient. ¢ = standardafvigelse.

| [ ‘ Smallest
Samples . ‘ value of r
| -

| (BP 1) Zones N T c for

P = 0.05
LI 200 000 20,50 5 12 6.90-2.77 m.W2a—3e 38 +0.89 +0.03 0.32
Calluna .............. 6.90-3.97 2a-3b 27 +0.70 +0.10 0.38
Empetriitni ; . ouiws0ms 6.90-3.97 2a-3e 27 +0.69 +0.10 0.38
Arel, UDQ-ULST. .o oo ov v 6.90-3.97 2a-3b 27 +0.22 +0.18 0.38
Pinus < o wwsswn sowmas s 6.02-3.97 2a-3b 20 +0.89 +0.05 0.44
ATLERTSIA o v w5 o 50 00 s 6.02—4.28 2h—2e 14 —0.65 +0.15 0.53
Plantago maritima . . . .. 6.02—4.28 2b—2e 14 —0.45 +0.21 0.53

Correlation with Artemisia

Plantago maritima . . . . . 7.99-2.69 W1 —4 45 +0.49 +0.08 0.29
Astragalus alp. . ....... 6.90-2.83 2a-2e 38 +0.27 +0.15 0.32

Some curves may represent both primary and secondary pollen, and they constitute,
accordingly, cases of uncertainty.

Thus the curve for the Befula pollen is parallel to the curve for the re-deposited
pollen in zone W 2, and unlike the curves for the pollen types assumed to be primary.
Hence, it seems rather certain that some of the Befula pollen from zone W 2, and
especially from the subzones b, ¢ and d, is rebedded. According to the size-statistical
data B. pubescens and B. nana are represented (p. 37). In zone W 1 and in W 2a the
Betula pollen, mostly B. nana, must be primary, as the secondary pollen is rather
insignificant there. The pollen of B. nana found in subzone W 2¢ is presumably
primary too, but the increased amount of B. pubescens pollen in subzone ¢ is presumably
secondary. Most of the Befula pollen from the subzones b and d is probably rebedded
pollen from B. pubescens. In the samples from zone W 2e and W 3a secondary pollen
is scarce again, and most of the Befula pollen must be primary. Both B. pubescens
and B. nana are represented there.

The curve for the pollen of Juniperus (18) contains uncertain poinis too. In zone
W 2a-c the curve is parallel to the curves for the pollen of Artemisia and other genera
assumed to be primary (with a minimum in subzone b, and a maximum in subzone c),
and the Juniperus pollen found there is presumably primary. In zone W 2d-W 3b
this curve resembles the curve for the £ “‘thermophilous trees and shrubs’, and some
of the Juniperus pollen found there may be secondary (see also p. 95).

The Sphagnum curve (76) resembles the curve for Juniperus. It has a minimum at
the increase for secondary pollen in zone W 2b, and the Sphagnum spores may be
assumed to be primary there. In zone W 2d-3b their origin is more uncertain, and
they may be secondary.

According to the observations just mentioned the pollen grains and spores from the
following plants occur in zone W 2 and W 3a-b in such a way that all of them or most
of them may be considered to be secondary with a reasonable certainty (cp. the pollen
diagram from BP 1, plate VI and table 28),
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Carpinus (1) Picea (10)

Quercus (2) Pinus (11, W 2b-3b)

Ulmus (3) Calluna (12)

Tilia (4) Empetram spp. (13-14)
Fraxinus (5) Arclostaphylos uva-ursi (15, some
Alnus (6) primary pollen in W 2¢?)
Corylus (7) Juniperus (18, W 2d-3b (?))
Taxus (8) Thelypleris palustris type (57)
Ilex (table 28) Osmunda cf. cinnamomea (58)
Hedera (table 28) - regalis (59)
Pteridium (9) Sphagnum (76, W 2d-3b (?))

Betula pubescens (W 2b-d)

On the other hand, the mode of occurrence of the pollen and spores from a number
of plants indicates that all of them, or their main part, may with confidence be regarded
as primary, e. g.,

Betula nana Liguliflorae (25)
Saliz (17) Artemisia (26)
Juniperus (18, W 2a—c) Astragalus alpinus (31)

" Gramineae (19) Lotus (32)
Cyperaceae (20) Plantago maritima (34)
Rumex acetosella type (21) Thalictrum (42)
Potentilla (22) Sphagnum (76, W 2a-—c)

Galium type (23)
Tubuliflorae (24)

The pollen grains and spores from some of the aquatic plants are restricted almost
entirely to the subzones a, ¢ or e, where the secondary influence is at minimum. They
must, accordingly, be considered as primary with great certainty. This group includes
the following plants,

Myriophyllum allerniflorum (60) Isoéles echinospora (66, the few occur-
- spicatum (61) rences from the subzones b and d

Callitriche (62) secondary?)

Ranunculus trichophyllus type (63) Isoétes lacustris (67)

Eu-Potamogeton (64) Typha-Sparganium type (68)

Polygonum amphibium (69)

The remaining pollen and spore types found in zone W 2 occur only infrequently,
and little can be said with certainty about their origin. Pollen grains and spores of
plants typical of the interglacial flora may be considered to be secondary. This is the
case for the following finds from zone W 2,

Frangula alnus (38) Stellaria holostea (table 28)
Vaccinium type (table 28) Nuphar luteam (67)

Plantago lanceolata (33) Lythrum salicaria (table 28)
Mercurialis perennis (table 28) Hydrocotyle vulgaris (table 28)

All the other rare finds from zone W 2 must be regarded with caution. Their probable
origin will be discussed at more detail in chapter V.

A curve for a total of all pollen types, which are considered to be secondary is also
shown in fig. 9. The graph shows that this curve too is clearly parallel to the mineral
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proportion of the samples as reflected by the values for loss on ignition and “humus”
content. In the pollen diagram on plate VI the parts of the curves which are assumed
lo represent mainly secondary pollen are marked in a special manner (striation and
punctuation of the curves). However, the error introduced by the secondary pollen
should be kept in mind at a consideration of the curves for the presumed primary types.

Average frequencies for certain pollen and spore types in the various zones are
shown on plate XV. For the subzones W 2b-d the percentages have been based on a
pollen sum, which omits all secondary types mentioned on p. 54 and half of the Betula
pollen (assumed to represent secondary Betula pubescens pollen).

In the deposits from zone W 3 the influence of rebedded pollen is restricted to the
subzones a and b, and here it is of small importance. A large number of the plants
represented there do not occur or are very rare in zone W 2. Such finds can hardly be
derived and are quite certain to be of primary origin.

Pollen Zones.
Zone h (BP 1, 7.39-7.79 m.).

During the Eemian Interglacial the local hydrosere led to formation of a forest peat (J 3).
This peat contains wood of Alnus glutinosa and Picea abies, and reflects an interglacial low
water level. J & M (1928) did not distinguish this stratum, but from the upper part of the
interglacial layer they mention macroscopic remains of Alnus glutinosa, Picea abies, Betula,
Carpinus betulus and Ajuga reptans. The burned wood of Picea indicates a local forest fire.

The pollen spectra are dominated completely by pollen and spores from the local vegeta-
tion and reflect mainly the local succession.

Alnus (6) and Picea pollen (10) dominate the pollen analyses in the lowermost part of
the pollen diagram. Carpinus (1), Quercus (2), Fraxinus (5), Corylus (7) and Taxus (8) are
represented with rather low frequencies. The plants mentioned were probably rather
common on upland soil. The herbaceous plants represented with highest frequencies are
Pteridium (9), Rumex acetosa (16), Polypodium (29), Thelypteris dryopteris (41), Urtica
dioica (44), Melampyrum (54), Thelypleris cf. palustris (57) Osmunda cf. cinnamomea (58),
Callitriche (62) together with Gramineae (19) and Cyperaceae (20).

At 7.55 m. the values for the pollen of Betula (cf. pubescens) increase suddenly. The
development reflects presumably successional stages that followed upon the fire (or fires?)
indicated by the charcoal layer. In the layer of herbaceous peat (J 3) the values for pollen
from local herbaceous plants increase considerably.

At the top of the zone Pinus pollen becomes dominant within the tree pollen. At the same
level the values for Calluna (12), Empetrum (13), Arctostaphylos uva-ursi (15) and Sphagnum
(76) begin to increase.

The overrepresentation of local pollen and spores obscures the picture of the general
conditions somewhat, but a decrease of temperature is suggested by the decrease for the
most thermophilous plants. At the same time traces of a beginning rise in the local water
table occur, and the local vegetation seems to have become more oligotrophic.

Zone W 1 (BP 1, 7.00-7.36 m.).

The sediment is gyttja with coarse plant detritus, the proportion of which decreases
upwards. Hence, it must be assumed that the pollen spectra give a better reflection of the
general vegetation. In a layer, which corresponds to the zone, J&M (l. ¢.) found a fruit of
Betula nana and seeds of Andromeda polifolia (at BP 4, J &M).

A slight re-deposition activity may haven taken place (? pollen grains and spores of Ilex,
Stellaria holostea, Pteridium). The pollen of Carpinus (1), Quercus (2), Ulmus (3), Alnus (6)
and Corylus (7) may have been due to long distance transport. Belula nana contributed
apparently most of the Betula pollen. The most frequent pollen types are thus Betula nana,
Pinus (11), Juniperus (18), Calluna (12), Empetrum nigrum and E. hermaphroditum (13-14,
p. 40), Arctostaphylos uva-ursi (15), Gramineae (19), Cyperaceae (20), Rumex acelosella type
(21) and R. acetosa (16).

The frequencies for the Pinus pollen reach 10-13 9. Such values indicate that the species
cannot have been common in the neighbourhood. Betula pubescens seems to have been
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rare too. Picea (10) may have occurred rarely. It appears that the trees had become scarce,
and that the vegetation was dominated by a shrub community of Betula nana, Juniperus
and the heath shrubs with many herbs.

Sphagnum spores (76) are common, and pollen of Limnophytes such as Myriophyllum
alterniflorum (60) and Eu-Potamogeton (61) appear.

Zone W 2 (BP 1, 4.28-6.90 m.).
Subzone W 2a (BP 1, 6.59-6.90 m.).

The mineral proportion of the sediment is rising, and at the end of the subzone the in-
fluence of re-deposition becomes obvious. A sample, in which J&M (1. ¢.) found fruits of
Betula nana and nuts of Myriophyllum alterniflorum together with remains of the bryophytes
Drepanocladus revolvens and Scorpidium scorpidioides (BP 3 J&M) belongs presumably to
this subzone. Leaves of Betula nana occurred at 6.60 m. (BP 1 STA).

Secondary as well as primary pollen seems to occur, but the proportion of rebedded
pollen is still low.

Tree pollen is scarce, and most of it is likely to be secondary. Some primary pollen of
Pinus and Betula pubescens may occur, presumably due to long distance transport.

Pollen of Betula nana is dominant within the Betula pollen (p. 37)., and the only other
woody plants of some importance were apparently Juniperus (18), the curve of which reaches
a maximum in the subzone, and Salix (17). Pollen from herbaceous plants dominates.
The pollen of Gramineae (19), Cyperaceae (20) and Rumex acetosella (type 21, 1n the zone
presumably R. acetosella s. 1., cp. p. 37) is the most frequent.

Limnophyte pollen is abundant, the pollen of Myriophyllum alterniflorum (60) being
most frequent. Others represented are Eu-Potamogeton (64), and Isoétes echinospora (65).
The pollen referred to Ranunculus trichophyllus type (63) probably represents aquatic
species. Rubus chamaemorus (75) and Sphagnum (76) are also represented.

Subzone W 2b (BP 1, 5.92-6.50 m.).

The mineral content reaches a maximum value in the clay layer H 2 (loss on ignition 7 %).
The proportion of rebedded pollen is also high (in layer H 2 up to 12 %).

The occurrence of secondary pollen makes it difficult to get a clear picture of the vegeta-
tion during the period, quantitatively as well as qualitatively. There is no evidence as to
the representation of the Belula species. An increasing amount of rebedded Betula pollen
seems to occur.

It seems that the most frequent primary pollen types were Salix (17), Juniperus (18),
Gramineae (19), Cyperacceae (20) and Rumex acetosella s.1. (21). The flora of terrestrial
plants is rather poor.

Remains of aquatic plants are very rare. The Sphagnum spores (76) and the pollen of
Rubus chamaemorus (75) are presumably primary.

Subzone W 2¢ (BP 1, 5.59-5.88 m.).

The lower border of the subzone corresponds in the sediment column to the transition
from the clay layer H 2 to the sandy stratum H 1. The sediment from the subzone has an
increased organic proportion (loss on ignition up to 24 %, “humus’’ content 22 %). There is
a sharp decrease in secondary pollen, and the curves for a series of plants, especially
herbaceous plants, have characteristic maxima.

Some of the macroscopic plant remains found by J & M (1. ¢.) in layer H must be considered
to be derived (p. 50). Others may be primary, but primary and secondary finds cannot be
distinguished.

Picea and Pinus may be represented by small amounts of primary pollen due to long
distance transport. Small amounts of the Ericales pollen, especially that of Arctostaphylos
uva-ursi, may also be primary (see p. 52).

The transition to the subzone is marked by a sharp decrease of the Betula curve (from
339, in subzone b to 17 9, in this subzone). Pollen of B. nana and B. pubescens occurs in
equal proportions. It is likely that a part of the B. pubescens pollen is rebedded (p. 53), and
the species must have been rare, if present at all. The most common primary pollen types
are Salix (17), Juniperus (18), Gramineae (19), Cyperaceae (20), Rumex acetosella s.1. (21),
Potentilla (22), Galium type (23), Tubuliflorae (24), Liguliflorae (25), Artemisia (26), Astragalus
alpinus (31), Lotus (32), Plantago maritima (34). A great number of other terrestrial plants,
mostly heliophytes, are represented.
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The frequencies for the Limnophyte pollen increase to high values at the transition to the
subzone. Myriophyllum alterniflorum (60, maximally 189%) and FEu-Poltamogeton (64,
maximally 6.2 %) are represented abundantly, and the pollen of M. spicatum (61), Callitriche
(62), Ranunculus trichophyllus type (63) and Typha Sparganium (68) is also rather common.
The pollen curves suggest that the fruits of Myriophyllum alterniflorum, Potamogeton natans,
P. pusillus, Ranunculus aqualilis (coll.) and Sparganium minimum recorded by J&M (1. c.)
from layer H belong to the subzone.

Subzone W 2d (BP 1 4.50-5.40 m.).

The organic content is very low (loss on ignition 13 %, “humus’’ content 8 %) and the
influence of secondary pollen is strong. The frequency for definitely rebedded pollen
reaches 12 %.

Like subzone W 2b the subzone is clearly unfavourable to plant life, but the secondary
pollen makes it difficult to get a clear picture of the vegetation. The pollen of Juniperus is
somewhat rarer than in the preceding subzone. The occurrence of Betula species is uncertain.

The most frequent pollen of terrestrial plants of presumed primary origin belongs to
Salix (17), Gramineae (19), Cyperaceae (20), Rumex acetosella type (21), Tubuliflorae (24),
Liguliflorae (25) and Artemisia (26). Pollen of Lotus (32), Plantago maritima (34) and
Campanula type (35) are of some importance. Altogether the terrestrial vegetation seems to
have been dominated by herbs.

Limnophyte pollen became scarce. The pollen of Myriophyllum alterniflorum (60) and
Eu-Potamogeton (64) together with Typha-Sparganium (68) obtain bul low frequencies.

Subzone W 2e (BP 1 4.28-4.37 m.).

The proportion of mineral content is still high in the lowermost part of the subzone, but
it decreases rapidly. The frequencies for rebedded pollen decrease ( £ “‘thermophilous trees
and shrubs’ decreases from 7.2 to 2.6 %). Some of the macrofossils reported from layer G
by J&M (l. ¢.) may belong to this subzone.

The measurements of Betula pollen (at 4,31 m.) indicate the presence of pollen of B.
pubescens and B. nana in an equal mixture, and most of this pollen is presumably primary
(p. 53).

The frequencies for the pollen and spores of a number of terrestrial plants characteristic
of zone W 3 begin to increase in this subzone already, e. g. Populus (36), Thelypteris dryopteris
(41), Filipendula (43) and Urlica dioica (44). The pollen of Salix (17), Gramineae (19),
Cyperaceae (20), Rumex acetosella type (21), Potentilla (22), Galium type (23), Tubuliflorae
(24), Liguliflorae (25), Artemisia (26) and Plantago maritima (34) remains common.

The microspores of Isoétes echinospora (65) and I. lacustris (66), both Limnophytes,
become abundant, but the pollen of Myriophyllum alterniflorum (60) and Eu-Polamogeton
(64) remain rare. Typha-Sparganium (68), Callitriche (62), Polygonum amphibium (69),
Caltha palustris (73) and Rubus chamaemorus (75) are also represented.

Zone W 3 (BP 1 2.71-4.25 m., BP 2 3.33-3.39 m.).

The sediments from the zone are highly organic. In the terminology of J&M (l. ¢.) they
correspond to the “‘upper mud horizon” (p. 48). New pollen analyses have shown that the
marginal parts of layer F as shown in the section of J&M (. c., plate XIII) belong rather
to the ““middle bed", and only the following macroscopic plant remains, {from the borings 3
and 4 of J &M, can be referred to the zone with confidence, Belula pubescens (very common),
B. nana (common), Juniperus communis, Arclostaphylos uva-ursi, Empetrum nigrum, Rubus
idaeus, Carex lasiocarpa, C. rostrata, Elisma natans (see p. 23), Menyanthes trifoliata, Pota-
mogeton natans, Polentilla palustris, Ranunculus aquatilis (coll.), Sparganium minimum and
Viola palustris (the remains of Picea abies mentioned by J&M were presumably carried
down from the layers above during the boring, as the pollen of the species is very rare
throughout the zone).

Dominance of Betula pubescens pollen characlerizes the whole zone. Up to 3.74 m. a slight
amount of rebedded pollen seems to be present, but above that level the entire pollen flora
must be considered to be primary (p. 55).

Subzone W 3a (BP 1 4.25 m.).

The subzone is represented by one sample from the top part of layer H 1, which consisted
of small, hard gyttja lumps. The loss on ignition is high (47 %) indicating only a slight
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influx of allochtonous material. The content of secondary pollen is correspondingly low
(X “thermophilous trees and shrubs’ 0.8 9%).

The frequency for Beltula pollen is 75 %. Pollen of Betula pubescens prevails, but a fair
proportion of B. nana pollen is also present (p. 38). The surrounding area was forested.
Other woody plants represented are Populus (36), Salix (17) and Juniperus (18). The pollen
of Juniperus, however, is very scarce (0.4 9%). Gramineae (19) and Cyperaceae (20) pollen is
still abundant, but the frequencies decrease somewhat, just like those for Rumex acetosella
type (21), Potentilla (22), Galium type (23) and Artemisia (26). The frequencies for a number
of herbs increase, e.g. Umbelliferae (39), Thelypteris dryopteris (41), Thalictrum (42),
Filipendula (43), Urtica dioica (44), Chenopodiaceae (45), Bistorta (49), Rubus saxatile (50),
Geum (51) and others.

There is a decrease for the microspores and the pollen of Limnophytes (Isoétes echinospora
(65), 1. lacustris (66), Eu-Potamoteton (64)), and for Typha-Sparganium (68) and Polygonum
amphibium (69). The pollen of Elisma natans (70) and Telmatophytes (Lysimachia thyrsiflora
(71) and a few others) begins to become rather common. It appears that the lake dried out,
and that this development caused the top part of layer H 1 to crumble (see above). It is
well known that such a clay mud, if dried, contracts strongly, and cracks into hard lumps,
which cannot be re-softened by addition of new moisture. The dopplerite formed presumably
during the drying out of the lake.

Subzone W 3b (BP 1 3.97-4.22 m.).

The mineral content of the sediment increases slightly (loss on ignition 249%). The
frequencies for rebedded pollen increase correspondingly, but the influence of that pollen
remains low. Macroscopic remains of Betula pubescens, Carex sp. and Potamogelon sp.
occurred at 4.00 m.

The subzone is characterized by a slight depression of the Betula curve. Salix (17),
Populus (36) and Prunus (37) are present in the flora of woody plants. There is an increase
for herb pollen, especially for that of Gramineae (19), Cyperaceae (20), Rumex acelosella
type (21), Potentilla (22), Galium type (23), Umbelliferae (39), Thelypteris dryopteris (41),
Bistorta (49) but the flora remains similar to the one of subzone a.

The values for the Limnophytes (Isoétes echinospora (65), 1. lacustris (66), Eu-Potamogeton
(64, according to the macrofossils presumably mainly Potamogeton natans), Myriophyllum
alterniflorum (60, rather rare), Nuphar luteum (67), increase again together with the values
for Typha-Sparganium (68, probably Sparganium minimum, identified from macrofossils)
and Polygonum amphibium (69). The pollen from Elisma natans (70) and Telmatophytes
reach rather high frequencies at the lowermost part of the subzone.

Subzone W 3¢ (BP 1 3.50-3.91 m.).

The amount of coarse-detritus increases upwards, until the sediment, at 3.74 m., changes
to a peat formed by herbaceous plant remains (layer E 5). The organic content increases
strongly (loss on ignition at 3.85 m. 459, at 3.70 m. 90%). Seeds of Menyanthes trifoliata
occur at 3.50 m. There is still a small amount of rebedded pollen at the lowermost part of
the subzone, but above 3.74 m. the entire pollen flora must be assumed to be primary.

Pollen of Quercus (2), Ulmus (3), Alnus (6), Corylus (7), Picea (10) and Pinus (11) occurs
in the peat layers with low frequencies. It was presumably due to long distance transport.

The subzone is characterized by increase of the Betula frequencies (up to 71 9%). Other
woody plants represented are B. nana, Populus (36), which increases somewhat too, Prunus
(37), Salix (17) and Juniperus (18). The pollen of Juniperus reaches values above 7 %.
Calluna (12), Empetrum (13) and Arctostaphylos uva-ursi (15) are represented by very small
amounts of pollen.

The herb pollen frequencies decrease, and especially those for Gramineae (19), Rumex
acetosella type (21), Galium type (23), Artemisia (26), Plantago maritima (34), Campanula
(35, Thalictrum (42), and Bistorta (49). Other pollen and spore types such as Rumex acelosa
(16), Thelypteris dryopleris (41), Filipendula (43), Urtica dioica (44), Lycopodium clavatum
(46) are not affected conceivably. The values for the Cyperaceae (20) decrease at first, but
the curve has another peak in the telmatic peat, without doubt due to presence of purely
local pollen.

The frequencies for the pollen of Limnophytes, Typha-Sparganium (68) and Polygonum
amphibium (69) decrease, and the pollen of Elisma natans (70) becomes rarer. The maximum
for pollen of Cyperaceae was probably due to a local vegetation (Carex rostrata and C. lasio-
carpa according to the macrofossils). At a higher level Sphagnum spores (76) become
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common. At 3.50 m. their frequency is 52 9%. Judging from the pollen representation
Menyanthes (72), Caltha (73) and Rubus chamaemorus (75) also contributed to the formation
of the peat layer.

Subzone W 3d (BP 1 2.95-3.35 m.).

The sediment changes from telmalic peat to coarse-detritus gyttja and the mineral content
increases somewhat (loss on ignition 32 %). A catkin scale of Betula pubescens was found
at 3.20 m.

The lower limit of the subzone is marked in the pollen diagram by a slight decrease of
the pollen of Betula, Populus (36) and Juniperus (18), and corresponding increases of Salix
(17) and the herbs, especially Gramineae (19), Rumex acetosella type (21), Artemisia (26) and
Bistorta (49). The curve for the Cyperaceae is influenced by the presence of pollen produced
from local vegetation in the peat layer.

The transition from telmatic peat to gyttja at 3.12 m. indicates another rise of the water
level. This is reflected in the pollen diagram by a strong decrease of Sphagnum spores (76),
and a re-appearance of pollen and spores of Limnophytes (Eu-Potamogeton (64), Isoétes
echinospora (65) and I. lacustris (66).

Subzone W 3e (BP 1 2.71-2.83 m., BP 2 3.33-3.39 m.).

The sediment in both profiles is gyitja in which the amount of coarse-detritus increases
upwards. The mineral content decreases. The sediment changes to herbaceous peat at
2.80 m. at BP 1. Leaf epidermis of Larix was noticed at 2.79 m.

The whole subzone is developed at BP 1, to which the following description refers. The
development at BP 2 is similar.

The lower zone border is marked by a rise of the Betula curve and decreasing values for
the herb pollen. The size measurements indicate dominance of Betula pubescens pollen
with some representation of B. nana (p. 38). The values of Populus (36), Juniperus (18)
and Frangula (38) also increase. Larix pollen (56) appears in the subzone. Calluna pollen
(12) is somewhat more common.

Decreases in frequency are conspicuous for the pollen of Gramineae (19), Cyperaceae (20),
Rumex acelosella type (21), Potentilla (22), Galium type (23), Tubuliflorae (24), Arlemisia
(26) and Bistorta (49), but others such as Thelypteris (40), Thalictrum (42), Filipendula (43)
and Lycopodium clavatum are not affected noticeably. Pferidium spores (9) appear at the
end of the subzone.

The curves for the pollen of Eu-Potamogeton (64) and the microspores of Isoétes echino-
spora (65) and I. lacustris (66) decrease and disappear at the end of the subzone.

Zone W 4 (BP 1 2.69 m., BP 2 3.06-3.29 m.).

In both profiles the sediment is humified peat with remains of herbaceous roots and
mosses. Seeds of Menyanthes trifoliata are common (BP 2 3.29 m.). The loss on ignition
is very high, in BP 1 at 2.71 m. 97 %. In BP 2 the sediment changes at 3.22 m. to forest
peat with wood of Pinus and twigs of Betula and Calluna. In samples belonging to this zone
and to zone W 5 J&M (L. ¢.) recorded macroscopic remains of Picea abies, Belula pubescens,
B. nana (rare), Empetrum nigrum, Potentilla palustris, Sparganium minimum, Carex rostrata,
C. lasiocarpa, Potamogeton natans and Menyanthes trifoliata. They also mention remains of
the moss Drepanocladus exannulatus and sclerotia of Cenococcum geophilum (BP 3 and
4 J&M). A leaf fragment was re-identified to Larix sp. (p. 22).

Due to the peat formation the pollen analyses are influenced strongly by pollen produced
by the plants, which took part in the local succession, a fact, which is conspicuous from
the sudden changes and irregular course of most of the curves.

At BP 1 the record is obviously truncated (cp. p. 47). The zone is better developed at
BP 2 and the following description refers to the pollen diagram from there. No clear distinc-
tion between pollen derived from plants that grew locally and from the general vegetation
is possible.

The curve for X “‘thermophilous trees and shrubs' rises at the beginning of the zone. The
rise is conspicuous for Carpinus (1), Quercus (2), Ulmus (3), Fraxinus (4), Corylus (5), and
Alnus (6), but the frequencies remain low, usually below 19, and this pollen may have
been due to long distance transport.

Picea (7) reaches values of up to 32 %,. The size slalislics (p. 35) indicate that Picea abies
alone is represented at the lower part of the zone, and that both Picea abies and Picea
omoricoides were present at the upper part. The Pinus values reach 399%. The curve for
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Larix (8) rises also. The macroscopic remains of Picea abies, Pinus and Larix indicate that
these trees occurred locally.

Pollen of Frangula (9) becomes exceedingly common (frequencies up to 66 %). There
can be no doubt that its pollen was produced by local populations. Pollen of Calluna (10),
Empetrum nigrum (11), Arctostaphylos (12), Vaccinium type (13) and Myrica (14) also
oceurs.

Pollen of Betula, no doubt mainly B. pubescens, is frequent during most of the zone, and
the pollen of Populus (15), Juniperus (16) and Salix (17) becomes rare. The same is the
case for Gramineae (18), Rumex acetosella type (20), R. acelosa (21), Artemisia (23), The-
lypteris dryopteris (24), Thalictrum (25) and other herbaceous plants, the pollen of which
was rather common in zone W 3. A few herbaceous plants such as Filipendula (28), Urtica
dioica (29), Chenopodiaceae (30) and Pteridium (31) remained apparently common.

The curve for Cyperaceae (19) pollen reaches a maximum at the base of the zone. A
similar trend is shown by the curves for the spores of Thelypteris palustris type (36, probably
representing the species T'. palusiris) and the pollen of Menyanthes (37). A little later Sphag-
num spores (39) become very common (values around 100 %), at first together with the
rhizopods Amphitrema flava (40) and Assulina sp. (41). Rubus chamaemorus pollen becomes
frequent near the top of the zone.

The pollen curves reflect to a high degree a local succession, which moved towards drier
conditions. From aquatic conditions in zone W 3 the hydrosere passed into a wet telmatic
phase (Cyperaceae, probably Carex rostrata and C. lasiocarpa, cp. above, Thelypteris palustris
and Menyanthes, the macrofossils of Sparganium minimum, Potamogeton natans and Poten-
tilla palustris probably belong here) to a moist Frangula-Calluna-Sphagnum community with
rhizopods, and on to a rather dry stage with Picea abies, Pinus, Larix, Betula pubescens,
Frangula, Calluna, Empetrum nigrum, Rubus chamaemorus and Sphagnum.

It can be assumed that Picea and Pinus expanded in the more general vegetation, and
replaced the open Betula forest, where Juniperus, Populus and herbs were common.

Zone W 5 (BP 2 2.61-3.04 m.).

The zone is represented by humified herbaceous peat. Remains of Eriophorum vaginatum
were common especially in the lower part, and roots of Calluna vulgaris occurred at 2.64-—
2.91 m.

Subzone W 5a (BP 2 2.72-3.04 m.).

The frequencies of Carpinus (1), Quercus (2) and Alnus (6) remain rather constant during
the subzone, but those of Ulmus (3), Fraxinus (4), and Corylus (5) have decreased. All of
the pollen just mentioned may have been due to long distance transport. The find of one
Ilex pollen grain seems a little surprising (secondary?).

Pinus pollen dominates in the subzone, reaching 62 9%, and the frequencies for the pollen
of Betula and Picea (7, representing both P. abies and P. omoricoides, see p. 35) have decreased
to near 10%. Pollen of Larix (8), Frangula (9) and Myrica (14) is also present. Pollen of
Juniperus (16) and Salix (17) occurs especially near the top of the subzone. Calluna pollen
(10) is very common with frequencies up to 32 %. Empetrum nigrum (11) and Arctostaphylos
uva-ursi (12) were apparantly somewhat rarer.

Herb pollen is rather scarce. Gramineae (18), Cyperaceae (19), Filipendula (28) and
Rubus chamaemorus (38) are the most common ones. Artemisia pollen (23) has re-appeared.
Sphagnum spores (39) are exceedingly common (up to 443 %), and Amphitrema flava (40)
and Assulina (41) are frequent.

The local vegetation seems to have been a Calluna-Eriophorum vaginatum community
with some Rubus chamaemorus. The vigorous growth of Sphagnum and the abundance of
Amphitrema and Assulina indicate a stage, which was considerably wetter than the preceding
one.

Subzone W 5b (BP 2 2.67-2.69 m.).

The subzone is characterized by maxima of the pollen of Betula (cf. pubescens, p. 38)
and the herbs, and a decrease of Pinus (to 27 %).

The frequencies of Quercus (2) and Alnus (6) have decreased. The values of Picea (7),
Larix (8) and Calluna (10) also decrease. The most common herb pollen types are Gramineae
(18), Cyperaceae (19), Rumex acetosella type (20), R. acetosa (21), Plantago maritima (22)
and Artemisia (23). Their maxima are accompanied by small maxima for Frangula (9),
Juniperus (16) and Salix (17).

Increased wetness and less overrepresentation of local pollen may explain these changes
(see p. 104).
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Subzone W 5¢ (BP 2 2.61-2.65 m.).

A revertence to conditions similar to subzone W 5a takes place. This is apparent from
the high values of Pinus pollen (up to 64 %). There is also a slight increase of Quercus (2)
and Alnus (6), but the pollen of Picea (7) and Larix (8) remains rare. Calluna (10) increases
somewhat, and pollen of Empetrum nigrum (11) and Vaccinium type (13, probably V. oxy-
coccus) are also common. Juniperus (16), Salix (17) and most of the herbs decrease again.

Upwards the record is obviously truncated. J &M (l. ¢.) noticed that the surface of the
upper peal layer was very uneven. It seems thus, that the youngest layers became disturbed
by erosion.

Zone W x (BP 2 2.51-2.59 m.).

The sandy clay layer D overlies the peat layer E 1 with an abrupt transition. In its lower
part the layer contained some coarse-detritus, probably drifted material. Allochtonous
mineral matter predominates, and the layer was thus formed as a result of erosion activity.
Hence, the pollen (lora is presumably contaminated with rebedded pollen. Layers from the
zones W 5 and W 4 are likely to have been exposed to erosion, but older layers may also
have been eroded.

The pollen zone is known only fragmentarily, and an unknown interval separates it from
the youngest known part of zone W 5. The pollen flora appears to be highly contaminated
with older pollen, and a separation of primary and secondary elements is not attempted.

The erosion activily indicates that a climatic deterioration had taken place, and a more or
less tree-less vegetation prevailed presumably. For that reason the rather frequent pollen of
plants such as Juniperus (16), Salix (17), Gramineae (18), Cyperaceae (19), Rumex acetosella
type (20), R. acetosa (21), Plantago maritima (22), Artemisia (23), Thalictrum (25), Filipendula
(28) and Chenopodiaceae (30) may be considered to be primary. This may also be the case
for the finds of Ephedra distachya, Sanguisorba officinalis, Armeria maritima and Plantago
media. The frequencies of Plantago maritima pollen (1.0-1.2 %) are the highest ones known
for that species at the site, a fact, which justifies a belief that its pollen is primary together
with the other herb pollen.

The clay layer contains also remains of aquatic plants, such as microspores of Isoétes
lacustris and pollen of Littorella uniflora (0.4 % at 2.51 m.). The Isoéles microspores may
be secondary. Littorella pollen was very rare in the earlier pollen zones at the site, and
the finds at this level are probably primary.

On top of layer D only mineral layers (B-C) occur. J&M (1. ¢.) observed that the stony
sand (C), which extends almost to the centre of the basin indicates that solifluction took part
in the final filling in of the depression.

RopeBzEK 1

The interglacial sites called Rodebaek I-III were discovered during the survey of
J&M (1928). They are situated in Western Jutland 17 km. southeast of Varde (see
the maps, fig. 2 in J&M 1. ¢, and fig. 11, p. 123), and they are still visible as three low
depressions only a few hundred metres apart. Rodebaek I is the largest of the three
depressions. It is up to 150 m. across and its original depth was up to 11-12 m. below
the present level of the surroundings.

At the time when J&M carried out their investigations most of the depression was
filled by a postglacial bog, which contained a small pond produced by peat cutting.
To-day the depression has been drained, and only a few remnants of the postglacial
peat exist.

Sediments.

J&M (l. ¢.) established three transects of the basin. Their profile B directed WNW-—
ESE is the most complete one. In 1954 new borings and excavations were carried out
establishing a transect of the upper layers in the direction NNW-SSE (parallel to the
northeastern fence of the field, see the map of J&M 1. ¢.). The section is shown on
Plate VIII. It proved to be almost identical to section B of J&M.
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Detailed descriptions of two of the new borings are given below. Capital letters used
by J&M (1. ¢.) have been applied to identical strata. The borings are numbered ac-
cording to their distance from the SE fence of the field.

BP 57 m.
A 0.00 —0.45 m. Sandy agricultural soil or peat, disturbed.
C1 0.45—2.89 m. Sand. At 2.53-2.69 m. a little gravel. Between 2.69-2.89 m. thin
argillaceous layers (A 1, Ga+s 3).
C2 289—-293 m. Argillaceous sand with alittle fine-detritus (I.d20-1,A 2, G a+s2).
D 2.93 —3.27 m. Brown argillaceous gyttja (I.d* 2, A 2). Slightly stratified.
E 3.27 —ca. 3.46 m. Clay with a little fine-detritus (Dg 0-1, Ld? 0-1, A 4).
F1 ca.3.46—4.04 m. Sand (Ga+s 4). Transition to the layer below sharp.
F2 4.04—4.10 m. Slightly argillaceous sand with a little fine-detritus (Ld? 0-1,
Al,Ga+s3).
G 4.10—4.16 m. Humified herbaceous peat with some sand (Th?®3, Ga-+s1).
Strongly stratified.
H 4.16-(4.81)m. Wood peat (T1* 4). Much wood and bark. Horizontal branches
of Picea. The interglacial deposits continue till 9.36 m.
BP 79 m.
A 0.00 —0.35 m. Sandy agricultural soil or peat, disturbed.
B 0.35—0.80 m. Slightly argillaceous sand with a few small stones.
E1 0.80—-0.95 m. Sand with windworn stones, up to 15 cm. across.
E2 0.95—ca.2.36 m. Clay and silt with a little sand and with stones up to 5 cm.

across. Below 1.10 m. irregular sandy layers ground into the
deposit.

F ca. 2.36 —4.30 m. Sand.

G1 4.30—4.36 m. Humified herbaceous peat with some sand (Th?®3, Ga+sl).
Strongly stratified.
G2 4.36—4.48 m. Humified peat with remains of Eriophorum vaginalum and

Calluna vulgaris (Th? 4).

H 4.48-(4.50m.) Wood peat (TI* 4). The interglacial deposits continue till 9.87 m.

According to the profiles of J &M the surface of the interglacial peat layers (G and H)
is conformable with the original shape of the basin. The peat layers are strongly com-
pressed, a process which probably took place as the mineral layers were deposited.
The surface of the interglacial peat showed traces of erosion at the margins.

The sand layer (IF) deposited on top of the interglacial peat is lacustrire. During its
deposition the basin was almost filled in, and the clay and mud layers E-D formed in
a shallow bowl only 45 m. across and 1-2 m. deep. Layer F is thickest at the northern
part, and the basin in which the layers E-D formed lies south of the centre of the
depression (see plate VIII). The main transportation of material obviously took place
from the north.

The stony clay (E) is almost 1.5 m. thick at BP 79 m., and it was deposited by
solifluction from the north. An equivalent layer of stoneless clay was deposited in the
shallow pool (at BP 35, 45 and 57 m., see plate VIII). Layer E is not represented north
of BP 79 m. At that point windworn stones were found on top of layer E, and it is
probable that the layer has been removed by wind erosion north of that point. Closely
packed windworn stones were found at the point 125 m., at 1.30-1.40 m. below the
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surface (see plate VIII). They probably represent an erosional residue from the soli-
fluction deposit E.

As the sedimentation of the clay decreased, the clay gyttja D was deposited in the
small pool. The sandy layers C 1-2 completed the filling in of the basin. They are
lacustrine equivalents of the stony sand B, which extends from the northern and
southern margins of the basin to the edge of the small pool.

Pollen Analyses.

The pollen diagram published by J&M (1. c., plate XXXVI) demonstrates clearly
that the lower peat and gyttja layers (the layers G-K) represent the entire Eemian
Interglacial. Pollen diagrams from the post-Eemian sequences at BP 57 m. and 79 m.
are shown on plate IX (cp. table 30). The pollen diagram at 57 m. is the more complete
one, as it represents the pollen zones h—W 2d. At BP 79 m. in the main only zone W 1
is represented.

Rebedded Pollen.

The post-Eemian sequence at Rodebak I is less complete than the one at Brorup
Hotel Bog. Except for the interval, during which the upper gyttja layer was deposited,
mineral sedimentation was strong, and the pollen record is interrupted in the sand
layers. The pollen content of the argillaceous layers is influenced strongly by redeposited
pollen. In the pollen diagrams the curve for X “thermophilous trees and shrubs’
(total of Carpinus, Quercus, Tilia, Ulmus, Fraxinus, Alnus, Corylus, Ilex) gives a measure
of the influx of rebedded pollen. Its values are high in the predominantly mineral layers
corresponding to the pollen zones W 2a-b and d but they are low in the gyttja layer D
(W 2¢). The following pollen types with similar curves are also considered lo be
secondary (in the pollen diagram at BP 57 m. marked by striation and punctuation
of the curves): Picea (11), Erica tetralix (13), Gentiana amarella type (17), Plantago
lanceolata (19), Tubuliflorae (22), Calluna (24), Empetrum nigrum (25, in part), Arcto-
staphylos uva-ursi (27) and Thelypteris palustris type (43). A few rare types may also
be considered to be secondary in the zones W 1 and W 2,

Buzxus sempervirens Populus tremula

Fagus silvatica Mercurialis perennis
Frangula alnus Stellaria holostea

Myrica gale Myriophyllum verticillalum

Pollen Zones.
Zone h (BP 57 m. 4.28-4.81 m., BP 79 m. 4.43-4.50 m.).

In the wood peat (layer H) J&M (. ¢.) found macrofossils of the following plants: Ajuga
reptans, Alnus glutinosa, Belula pubescens, Calluna vulgaris, Carex pseudocyperus, Cirsium
palustre, Picea abies, Pinus silvestris, Polenlilla palustris, Ranunculus repens, R. sceleralus,
Rubus idaeus, Sparganium minimum, Viola palustris and Cenococcum geophilum.

The pollen of the following plants is most frequent in the lower part of the zone, Alnus (6),
Picea (11), Pinus (23), Salix (28), Gramineae (30), Cyperaceae (31) and Thelypteris palustris
type (43, cf. Thelypteris palustris). Upwards there is an increase for pollen of Betula, Calluna
(25), Empetrum nigrum and FE. hermaphroditum (25, 26), Arclostaphylos uva-ursi (27), Rubus
chamaemorus (53) and Sphagnum (54). Woody plants represented in the whole zone with
low pollen frequencies are Carpinus (1), Quercus (2), Ulmus (3) and Corylus (7). Pollen of
Fraxinus (5), Taxus (8) and Abies (12) is rare or missing in the uppermost samples.
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During the zone a local succession from an Alnus-Picea community to an open heath
stage took place, and the local vegetation seems to have become more oligotrophic.
In the pollen diagram from BP 79 m. only the heath stage is represented.

Zone W 1 (BP 57 m. 4.12-4.18 m., BP 79 m. 4.30-4.40 m.).

The sediment at the two profiles is humified herbaceous peat (layer G) with a content of
sand, which increases upwards. From that layer J&M (1. ¢.) recorded macrofossils of the
following plants: Betula nana, B. pubescens, Calluna vulgaris, Carex caespitosa, Empetrum
nigrum, Myriophyllum alterniflorum, Potentilla sp., Rubus idaeus and Sparganium minimum.

The pollen analyses are much less influenced by strictly local pollen. Pollen of Pinus
(23, 11) occurs with frequencies around 10 9%. Betula pollen is rather frequent. B. nana was
dominant, probably with some representation of B. pubescens (p. 38). Other woody plants
of importance were Juniperus (29, 17), Salix (28, 16), Calluna (24, 12), Empetrum nigrum
and E. hermaphroditum (25, 13 and 26, 14). Pollen of Gramineae (30, 18) and Cyperaceae
(13, 19) is common too, the frequencies rise together with those for Rumex acetosa (16, 8),
R. acetosella type (32, 20), Artemisia (33, 21) and some other herbs (e. g. Filipendula (37, 22),
Armeria maritima (40, —), Plantago maritima (41, 23). An open heath vegetation with many
herbs characterized the vegetation.

A few aquatic plants occurred (Isoétes echinospora (47, 25), Myriophyllum alterniflorum
(49, —, cp. also the macroscopic remains mentioned above). A rise of the water level took
obviously place. At BP 79 m. the increased moisture caused a vigorous growth of Sphagnum,
the spores of which reached frequencies above 100 % (27).

Zone W 2 (BP 57 m. 2.84-4.05 m.).

The zone is only represented at BP 57 m. The beginning of the zone corresponds probably
to the strong increase for mineral sedimentation and rebedded pollen, and the whole develop-
ment is not differentiated clearly in the pollen diagram.

Subzone W 2ab (BP 57 m. 3.34-4.05 m.).

The pollen analyses from the argillaceous layers E and F 2 are influenced strongly by
secondary pollen. A few pollen types may be primary, such as Juniperus, Salix, Gramineae,
Cyperaceae and Rumex acetosella type. Juniperus pollen becomes quite rare.

A sample from the solifluction earth E at BP 79 m. contained 32 % of ‘‘thermophilous
trees and shrubs”’, and only 28 %, of herb pollen. Secondary pollen apparently also prevailed
there.

The macroscopic flora from the layers E-F recorded by J&M (L. ¢.) contained Armeria
maritima, Betula nana, Carex caespitosa, C. pseudocyperus (derived?), Empetrum nigrum,
Muyriophyllum alterniflorum, Ranunculus aquatilis (coll.), Rubus idaeus (derived?) and Spar-
ganium minimum.

Pollen and spores from aquatic plants are very rare.

Subzone W 2¢ (BP 57 m. 2.90-3.27 m.).

The subzone is represented mainly by the gyttja layer D. From that stratum J&M (1. ¢.)
recorded macroscopic remains of Arctostaphylos uva-ursi, Betula nana, B. pubescens (found
only at BP 17 near the marginal part, where it may be rebedded), Carex cf. caespitosa, Em-
petrum nigrum, Myriophyllum alterniflorum, Ranunculus aqualilis (coll.), R. sceleratus,
Sparganium angustifolium, S. minimum, Viola palustris and the mosses Amblystegium stellatum,
Calliergon giganteum, C. stramineum, Drepanocladus exannulatus, Polytrichum strictum and
Rhacomitrium canescens. The mineral content of the sediment increases upwards, and the
topmost part of the zone is represented by a layer of argillaceous sand (C 2).

The influence of secondary pollen is rather insignificant. Judging from the pollen curves
some of the Pinus pollen (23) is probably primary and due to long distance transport. The
pollen of heath shrubs (Calluna (24), Empetrum (25), Arctostaphylos uva-ursi (27), Erica
tetralix (13), Vaccinium type (14)) occurs with low frequencies. Most of it seems secondary,
but some pollen of E. hermaphroditum (26) may be primary, and the same may be the case
for pollen of Arctostaphylos uva-ursi, which is represented by macrofossils.

Betula nana was the dominant Betula species (p. 38), but pollen of B. pubescens may be
present (p. 38). Besides B. nana the most frequent plants apparently were Juniperus (29),
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Gramineae (30) and Cyperaceae (31). Pollen of Salix (28), Rumex acetosella type (32), Artemisia
(33), Geum (36), Filipendula (37), Potentilla (38), Armeria (40), Plantago maritima (41),
Campanula type (42) and a few others is cuite frequent. The contemporary vegetation
apparently consisted of open shrub communities with rich representation of herbs.

Microspores of Isoétes echinospora (47) and pollen of Myriophyllum alterniflorum (49) are
very common (up to 200 % and 81 %), and Isoéles lacustris (48), Myriophyllum spicatum (50)
and Ranunculus trichophyllus type (51) are also represented. In the middle of the zone the
curve for Limnophytes has a minimum, corresponding to maxima for the curves for Sphagnum
(54), Typha-Sparganium (52, according to the macrofossils presumably S. angustifolium
and S. minimum) and Rubus chamaemorus (53). This indicates a low water level at the middle
of the zone, during which a bog community developed. Empetrum hermaphroditum (26),
some of the Cyperaceae, Drosera, Menyanthes and the moss Calliergon stramineum were
probably members of that community. The water level apparently rose again at the top of
the subzone.

Subzone W 2d (BP 57 m. 2.84 m.).

A sample from the sand layer C 1 belongs to subzone W 2d. Secondary pollen is frequent
again, and the aquatic plants have almost disappeared.

HERNING

The interglacial site west of the town of Herning in Western Jutland (see the maps
fig. 1 in J&M 1928 and fig. 11, p. 123) is the largest lake deposit of the Eemian Inter-
glacial known in Denmark. According to the survey of J&M (l. ¢.) the largest extent
of the basin in the direction north—south is about 800 m., and in east—west about 300 m.

Open sections of the interglacial deposils have been visible in the pit of Herning
Brickworks, and a north-south prolile was surveyed by J &M in 1914. In 1919 to 1924
J&M carried out a large number of borings in the area north of the brickworks to
determine the extent and stratigraphy of the lake deposits.

As follows from the investigation of J&M (1. ¢.), the deposils covering the interglacial
gyttja are predominantly mineral and often coarse grained. Sampling of such deposits
by borings is difficult, and they are not suited for pollen analyses. Gravelly layers
occur especially in the northern part of the basin, and the “upper mud horizon”
(layer G) is not well developed there, according to the transects established by J&M
(1. ¢.). For such reasons the new investigations in 1954 and 1955 were confined to the
southern part of the basin, which was also more accessible.

Sediments.

During the new invesligations 5 borings were carried out in the southern half of
the basin (BP 1-5, STA). Their position will appear from the map fig. 10. It may be
seen that BP 1-4 follow the north-south transect of J&M, and that BP 5 is situated
about 20 m. to the east of that line. The sediment columns are shown on plate X. The
layers have been designated with capilal letters corresponding to those used by J&M
(L. ¢.), although some subdivisions have been necessary. Proportions of sediment
components are indicated at BP 1, 3 and 5 (STA), where pollen diagrams have been
worked out.

BP 1 (STA)

A 0.00 —0.65 m. Sandy agricultural soil.

D 0.65—0.80 m. Stony sand.

G1 0.80—2.88 m. Sand. At 1.20 m. argillaceous layer. Lowermost a few small
stones.

<
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Fig. 10. Herning. Borings from 1954-55 (1-5, STA) compared with the borings 1-7 of
JEssEN and MiLTHERs 1928 (1-7, J&M). Detail redrawn from the map on plate II in J &M
(1928).

Herning. Boringer fra 1954-55 (1-5, STA) sammenlignet med JeEssEN og MiLTHERS  bo-
ringer 1-7, 1928 (1-7, J &M). Udsnit af kortet pa plate II i JEssEN og MILTHERs (1928).

G2 2.88—3.56 m. Fine sand with numerous thin detritus layers (Dg 1, Ga+s 2,
A 1). In the layers fragments of wood of Pinus silvestris.

J1 3.56—4.47 m. Sandy clay with some fine-detritus (Ld? 1, Ga+s 1, A 2).

J2 4.47-—7.10 m. Brownish grey to bluish grey, very stiff clay (A 4).
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K1 7.10—7.70 m. Brown clay-gyttja (Ld? 1, A 3).
K2 7.70—-9.44 m. Gyllja with some clay (Ld? 2, A 2).

BP 2 (STA)

A 0.00 —0.35 m. Sandy agricultural soil.
B 0.35—0.85 m. Sand.
D 0.85—1.40 m. Stony sand.
G1 1.40—1.95 m. Sand with a few small stones. At 1.88 m. argillaceous layer.
G2 1.95—2.86 m. Fine sand with numerous thin detritus and argillaceous layers.
Wood of Pinus silvestris.
J1 2.86—3.33 m. Sandy clay.
J2 3.33—4.85 m. Very stiff clay.
K1 4.85—5.35 m. Brown clay-gyttja.
K2 5.35—6.00 m. Gyttja.
BP 3 (STA)

A 0.00 —0.25 m. Sandy agricultural soil.

B 0.25—1.00 m. Sand.

D 1.00 —1.95 m. Stony sand. Stones up to 10 cm. across.

F 1.95—-2.03 m. Sandy and argillaceous gyttja (Ld® 1, Ga+s 2, A 1).

G1 2.03—2.31 m. Sand (Ga-+s 4).

G2 2.31—3.14 m. Argillaccous sand with numerous thin detritus layers (Dg 1,
Ga+s2, Al)

H 3.14—4.21 m. Sand. At 4.10 m. a thin detritus layer (Ga+s 4).
J1 4.21-5.31 m. Sandy clay. Sand content variable (Ga+s 1, A 3).
J2 5.31—-8.81 m. Brownish grey to bluish grey very stiff clay (A 4).
K1 8.81—-9.23 m. Brown clay-gyttja (Ld? 1, A 3).

K2 9.23-10.64 m. Gytlja with some clay (Ld*2, A 2).

BP 4 (STA)

A 0.00 —0.40 m. Sandy agricultural soil.

B 0.40 —1.35 m. Sand.

D1 1.35—1.98 m. Stony sand. At 1.90 m. argillaceous layer.

D2 1.98—2.00 m. Sandy clay-gyttja.

D3 2.00—-2.60 m. Sand with a few stones.

F1 260-295 m. Gytija.

F2 295—-3.49 m. Argillaceous gyttja. Broken into small hard Iumps.

G1 3.49—-5.40 m. Sand with coarse plant fragments. At 4.90 m. wood of Alnus
glutinosa. At 4.26 and 4.34 m. detritus layers.

G2 5.40—5.91 m. Sand with numerous thin detritus layers.

H 591-7.50 m. Sand with stones up to 9 cm. across. At 6.80 and 7.00 m. thin
argillaceous detritus layers.

J1 7.50—9.40 m. Sandy clay. A few thin detritus layers.

J2 9.40-14.85 m. Stiff clay. A few detritus layers.

K1 14.85-(15.90) m. Brown clay-gylija. The boring was not carried through the
deposit.

BP 5 (STA)

A 0.00 —0.40 m. Sandy agricultural soil.
B 0.40—0.95 m. Sand.
D1 0.95—2.95 m. Stony sand. Stones up to 3 cm. across.

h*
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D2 295—3.15 m. Sandy clay-gyttja (Ld21, Ga+s1, A 2).

D3 3.15—4.62 m. Sand (Ga-+s 4).At 3.33 m. wood of Alnus glutinosa. Lower limit
very sharp.

F1 4.62—4.82 m. Coarse-detritus gyttja. A few moss and Sphagnum leaves and a
little sand. In the lowest part less coarse-detritus. (Dg 1, Ld2? 3).

F2 4.82—-5.68 m. Argillaccous gyttja (LL.d® 2, A 2). Broken into small hard lumps.
Between the lumps yellow substance rich in ochre.

G1 5.68—9.85 m. Sand (Ga-+s 4). Below 8.35 m. some stones up to 3 cm. across.
Thin argillaceous detritus layers at 7.20, 7.32, 8.85 and 9.75 m.

J1 9.85-12.32 m. Sandy clay. Sand content variable, decreasing downwards

J2 12.32-(16.35) m.

(Ga+s1, A3).

Very stiff clay (A 4). Above 14.90 m. several thin detritus layers.
At 12.90 m. a leal of Betula nana. The boring was not carried
through the deposit.

The position of the new borings relative to those of J &M will appear from the map

fig. 10. It may be seen that BP 1 (STA) equals BP 4 (J&M), BP 2 (STA) = BP 5
(J&M) and BP 4 (STA) = BP 6 (J&M). The depths of the main strata have been
compared in table 18.

Table 18. Herning. Depth of the main strata, in J&M (1928) and the present investigation

(STA), compared.
Herning. Dybde af hovedlagene hos J &M (1928) sammenlignet med den

nerverende undersogelse (STA).

J&M STA J&M STA J&M STA
BP 4 BP 1 BP 5 BP 2 BP 6 BP 4
A 0.0-0.3 m. 0.0-0.7 m. A 0.0-0.2 m. 0.0-0.4 m. A 0.0-0.3 m. 0.0-0.4 m.
D 0.3-2.1 0.7-0.8 B 0.2-0.6 0.4-0.9 B 0.3-1.5 0.4-1.4
G 2.1-4.0 0.8-3.6 D 0.6-1.6 0.9-1.4 C 1.5-1.6
J  4.0-6.9 3.6-7.1 G 1.6-2.6 1.4-2.9 D 1.6-2.7 1.4-2.6
K 6.9-9.7 7.1-9.4 J 2.6-4.5 2.9-4.9 F) 2.7-34 2.6-3.5
K 4.5-5.6 4.9-6.0 G 3.4-5.5 3.5-5.9
H 5.5-7.3 5.9-7.5
J 7.5-14.9
K (7.3-10.5) 14.9-(15.9)

Layer K constitutes the Eemian Interglacial deposil. In the terminology of J&M
(1. ¢.) the strata J and H constitute the “middle bed”, and the strata G and I the
“upper mud horizon”. It appears from the comparison above that these layers can
be exactly recognized in the new borings. Layer G, which was described by J&M
(1. ¢.) as sandy mud or muddy sand, appeared in the new borings as fine sand with
many thin detritus layers (found especially in the lowermost part of the stratum (G 2)).

The layer at 2.7-3.4 m. at BP 6 (J&M = BP 4, STA) was designated E by J&M
(L. ¢.). In the section (J&M 1. c., plate VIII), however, this layer corresponds rather to
layer F in the other borings. In the same boring (BP 6, J &M) the layer at 7.3-10.5 m.
was taken to be the interglacial gyttja (K) by J & M. However, in the new boring (BP 4,
STA) the interglacial gyttja appeared at 14.9 m., and the layer at 7.5-14.9 m. is stratum J
(clay and sandy clay). From this it follows that the “middle bed” is not lacking at
BP 6 (J&M), as shown in the section of J&M (1. c., plate VIII), and that the original
lake basin was just as deep at this point as it was in its northern part, and not more
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shallow, in the way the section of J &M shows it. The profile from BP 5 (STA) indicates
that the deepest part of the basin was found east of the north-south transect (see the
map, fig. 10, and plate X).

The layers G and J occur at all of the new borings (BP 1-5, STA, see plate X). The
gyltja layer F was found only at BP 3-5 (see plate X), as a considerable part of the
original basin had become filled in with the mineral layers G-J. The ensuing layer D
is thickest in the central parts of the basin, and it must also be lacustrine, filling in most
of the remainder of the original lake basin.

Chemical Analyses.

3 analyses of ash content are shown in table 19. As was the case at Brorup Hotel
Bog (p. 48), silicates dominate the ash content of the samples from Herning.

Table 19. Herning. Analyses of ash content. The figures indicate percentages of the dry
weight.
Herning. Analyser af askeindhold. Tallene angiver procenter af torvaegten.

Soluble in warm diluted HCI

. Insoluble = Total ash
Statums | BP Depth Fe,0, | Ca0 J residue content
+AlLO, ‘
J1 3 8.14-8.24 m. 5.0% 1.0% 82.6 % 90.9 %
K1 8.90-8.95 2.0 0.7 78.4 83.0
K 2 9.24-9.35 2.9 0.8 64.4 69.2

All determinations of organic content are shown in table 20. From the table it appears
that the highest organic proportions occur in the interglacial gyttja (K 2, loss on ignition
319%, “humus’” content 249;) and in the gyttja layer FF 1 (loss on ignition 499, “humus”’
content 329;). The organic proportion of the layers G—J is variable (‘"humus’ content
1.2-16%,).

Table 20. Herning. Determinations of organic content.
The figures indicate percentages of the dry weight.
Herning. Bestemmelser af organisk indhold. Tallene angiver
procenter af torvaegten.

|
Stratum BP Depth ; S 10“ on
‘ i content ignition

F1 5 4.74 m. 31.89%

5 4.78 48.6 9%
F2 5 5.25-5.35 5.9 o
G1 4 4.35-4.46 0.6 -
G2 1 3.38-3.45 15.6 237

3 2.71-2.78 2.1
H 14 5.93-6.00 1.2

o 1 3.56-3.66 12.9 22.0

3 5.06-5.12 2.5

5 10.08-10.20 4.0

5 11.09-11.20 3.4
J2 1 4.73-4.83 1.9

3 7.06-7.17 1.5

3 8.14-8.24 1.4 9.1

5 13.00-13.13 6.4 17.9
K1 3 8.90-8.95 8.1 0
K2 3 9.24-9.35 23.9
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Pollen Analyses.

The gyttja layer K represents the Eemian Interglacial (see J &M 1928, plate XXXVI).

Pollen diagrams from the post-Eemian sequences at BP 1, 3 and 5 (STA) are shown
on the plates XI-XIII and in table 31. A part of the pollen diagram from BP 5 is shown
in more detail on plate XIV (BP 5, diagram 2, cp. table 32).

Rebedded Material.

In the pollen diagrams (plates XI-XIII) values for the X “‘thermophilous trees and
shrubs” are shewn. As at Brorup Hotel Bog, this group comprises the pollen types
representing the most warmth-demanding woody plants (Alnus, Carpinus, Corylus,
Fraxinus, Hedera, Ilex, Quercus, Taxus, Tilia and Ulmus), which are most likely to
have been rebedded from the interglacial layers.

In the pollen diagrams from BP 1 and 3 (STA) the clay-gyttja K 1 represents the
last part of the Eemian Interglacial. In the clay above it (J 2) the organic content is
very low (“humus” content decreases to less than 29, see table 20). Hence, sedi-
mentation of allochtonous mineral matter was completely dominant. The frequencies
for the X “‘thermophilous trees and shrubs’ increase from 10-209%, to values above
509,. It is thus suggested strongly, that this pollen was derived by erosion, and was
washed into the lake together with the allochtonous mineral matter. All the plants
within this group were common during the Eemian Interglacial, and it is not surprising
that an abundance of such pollen should be carried into the lake due to erosion of
interglacial peat. The change of sediment and the increased herb pollen percentages
suggest a climatic deterioration. Such a development could hardly be reconciled with
the increased abundance for thermophilous trees and shrubs. J&M (l. c.) were also
of the opinion that the layer J, the “‘middle bed”, corresponded to a stage with a cool
climate and treeless conditions.

The values of interglacial pollen types remain high in layer G. Hence, there is no

Table 21. Herning. The figures indicate minimum and maximum percentages of the
pollen totals.

Herning. Tallene angiver minimum og maximum procenter af pollensummen.

\ BP 1 . BP3 BPS

Stratum ‘ J ¢ | 3 G | &
Carpinus........... 1.1-3.6 1.6-3.8 1.2-3.0 0.5-3.6 0.6-2.9 1.8-1.9
Quereus: ... « swa s 5 s« 0.3-4.1 2.4-8.5 0.5-7.9 2.7-5.1 0.8-3.3 2.7-4.6
Tihas s 55505 amss 0-0.3 - 0-0.5 0-0.2 0-0.2 -
Fraxinus .......... 0-0.7 0-0.7 0-0.6 0-0.3 0-0.5 0.2-0.3
VIS s v o s wos v 5 mms s 0-1.1 0-0.6 \ 0-0.9 0-0.3 0-1.1 0.3-0.4
Alnus . ............ 8.0-23 15-28 6.5-25 13-23 8.9-15 8.0-13
Corylus, « o5 5 55 w5 6 4.8-18 7.2-15 3.4-25 7.7-9.0 2.1-14 3.9-7.6
Tlex............... 0.2-0.6 0.2-0.7 0-1.3 0.4-1.5 0-0.7 0-0.4
X “therm. trees and

shrubs™ ......... 18-54 34-55 13-53 25-42 15-36 17-28
Picea ............. 1.5-4.0 1.6-4.0 1.8-7.9 2.2-3.3 3.0-5.9 2.2-3.6
PIRUS s s wesnsssmwss 7.2-24 2.7-6.3 4.3-33 3.1-8.1 5.7-13 8.3-9.5
Betula . ........... 8.6-22 19-33 7.0-26 25-34 17-24 18-33
Y Bricales . s.55 55553 5.5-12 2.9-9.0 3.4-18 4.7-8.1 6.2-14 7.7-8.4
Y Herbs .......... 13-38 11-26 ; 9.4-39 19-26 23-37 31-31
Osmunda spp. ...... 0-1.9 0.2-0.8 | 0-1.4 0.4-1.0 0-0.6 0-0.4
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essential difference between the pollen content of layer J, which corresponds to the
“middle bed” and layer G, which represents the “‘upper warmth horizon” of J&M.
The similarity between the pollen content of the layers J and G appears from table 21,
which shows minimum and maximum values for the most frequent pollen types in
the two layers. It is apparent, accordingly, that these strata were deposited under the
same conditions, and that the majority of the pollen content of layer G was also derived
by erosion, and deposited together with allochtonous mineral matter. The pollen
analyses from the thin detritus layers from layer G (BP 1 3.40 m., BP 3 3.13 m., see
the plates XI-XII) are especially rich in interglacial pollen showing that these thin
layers consist mainly of rebedded interglacial material. Due to the detritus layers the
“humus’ content of layer G may be up to 169 (table 20).

The macroscopic plant remains from layer J identified by J&M (l. ¢.) represent a
poor flora of arctic and sub-arctic species. In layer G a rich flora of plants typical of
the interglacial bed was represented by such remains. It appears that the water movement
at the deposition of the sand layer (G) was more violent, and that macroscopic material
derived from interglacial shore deposits also was carried into the basin.

Frequencies of pollen and spore types of Tertiary age are also shown in the pollen
diagrams (comprising Carya type, Coryloid type (Engelhardtia, Plalycarya and others),
Liquidambar type, Nyssa type, Pinus haploxylon type, Plerocarya type, Rhus type,
Sciadopilys type, Seqoia type, Tsuga type, and unidentified Prequaternary spores).
The boulder clays found around the site are rich in Tertiary lignites, in which the
pollen types mentioned are common (cp. INGWERSEN 1954), and even the interglacial
layer (K) contains such derived pollen in low frequencies. The frequencies for the
Tertiary pollen increase strongly in the clay (J) indicaling an increased influence of
derived material. Upwards these values decrease somewhat. This may show, that some
of the allochtonous material in layer J was derived from deposits rich in Tertiary
material, probably glacial deposits, and that later on more interglacial material was
deposited.

It may be seen from the pollen diagram at BP 5 (diagram 1, plate XIV), that the
values for “‘thermophilous trees and shrubs™ have decreased to about 109, in the
clay-gyttja F 2, and that the amount of such pollen is very low (‘‘thermophilous trees
and shrubs™ 0.89%,) in the gyttja layer F 1, which has a low mineral content. In this
layer J&M (l. ¢.) found no macroscopic remains of temperate plants.

The frequencies for Calluna and Empefrum are rather high in the layers G-J, but
they decrease to insignificant values in layer F 2 (BP 5). The pollen of these plants
found in the layers G-J is no doubl secondary. The high frequencies indicate, that
some of the eroded material probably was acid peat with an overrepresentation of
pollen from heath plants.

Because of the overwhelming amount of secondary pollen it seems impossible to
distinguish the primary pollen, and the vegetational development can be followed only
in broad outline, except for the part represented by layer I at BP 5 (corresponding to
the pollen zones W 2¢, and W 3a and d). The pollen analyses shown in the pollen
diagram 2 at BP 5 (plate XIV) have been re-calculated after deduction of all pollen
believed to be secondary (p. 73).

Pollen Zones.

Zone h (BP 1 7.10-7.31 m., BP 3 8.83-8.98 m.).
The pollen diagrams show only the topmost part of the zone. In both borings it is re-
presented by the clay-gyttja K 1. ’
The pollen of Pinus and Alnus is the most frequent, and the pollen of Carpinus‘ Quercus,
and Corylus is quite rare. The values for Picea, Alnus and Pteridium decrease, indicating a
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decrease of the temperature. Some rebedded pollen may be present in the topmost samples
(Ilex?).
Microspores of Isoétes echinospora are very common.

Zone W 1 (BP 1 6.50-6.90 m., BP 3 8.33-8.80 m.).

The transition from zone h is accompanied by an increase of mineral content (transition
from the clay-gyttja K 1, to the clay J 2). The frequencies for Tertiary pollen increase,
reaching 12 % at BP1, and the curve for X “thermophilous trees and shrubs’ also rises,
indicating that re-deposited interglacial material occurs in considerable quantities.

The picture of the vegetational conditions becomes obscured by the rebedded pollen.
Still the zone seems to be distinguished in the pollen diagrams in contrast to zone h by
increased values for Juniperus, Calluna, Empetrum, and the herbs, especially Gramineae
and Cyperaceae. Pollen of Pinus is rather frequent, and pollen of Picea is present. Betula
pollen also occurs with rather low values. Some of the rare pollen finds may be primary,
especially those of Arctostaphylos, Armeria, Artemisia, Botrychium, Ophioglossum, Plantago
maritima, P. media, Rumex acetosa, Selaginella, but many obviously secondary pollen and
spore types are represented.

Isoétes echinospora is represented with very high frequencies (297 % at BP 3), and micro-
spores of 1. lacustris are quite common.

Zone W 2.
(BP 1 1.20-6.00 m., BP 3 2.11-8.25 m., BP 5 5.00-14.91 m.).

The zone corresponds to the predominantly mineral layers J, H and G, and a majority
of the pollen is secondary. Although the picture of the vegetational development is obscured
by the secondary pollen, the subzones a—e may be recognized in a very indistinet way.

Subzone W 2ab (BP 1 4.67-6.00 m., BP 3 6.00-8.25 m.).

The transition to the subzone may be distinguished by a decrease of Pinus and Juniperus
pollen to low values. The frequencies for X “thermophilous trees and shrubs’ reach a
maximum of 54 9%. The values for Isoétes echinospora and I. lacustris decrease. Both species
obtain highest frequencies in the lowermost half of subzone W 2ab (corresponding to
subzone a?). Upwards they decrease to insignificant values (subzone b?).

The flora of higher plants identified from macrofossils by J&M (L. ¢.) is rather poor.
Many bryophytes are listed by J&M (l. ¢.). Some of these remains may be primary, but
remains of secondary origin may also occur.

Subzone W 2ec.
(BP 1 3.52-4.49 m., BP 3 4.60-5.80 m., BP 5 11.19-14.91 m.).

The subzone may be distinguished by a slight decrease of the content of secondary pollen.
X “thermophilous trees and shrubs’ decreases to 19, 13 and 15 % in the 3 pollen diagrams.
At the same point there are — rather indistinct — maxima for the pollen of Juniperus, Gra-
mineae, Cyperaceae and Rumex acetosella type. The changes are similar to the features, which
characterize the subzone at Brorup Hotel Bog and at Rodebak 1.

Some of the spores and pollen grains found rarely may be primary, e. g. those of Ephedra
cf. strobilacea, Armeria, Artemisia, Gypsophila, Lotus, Lycopodium selago, Parnassia, Plantago
maritima, P. media, Rumex acetosa, Sanguisorba officinalis, Selaginella and Thalictrum,
which constitute a flora very similar to the one found in the subzone at the two other sites
just mentioned.

The high frequencies for Isoéles echinospora and I. lacustris are worthy of note. The
values are especially high at BP 3 (32 and 13 % for the species respectively) and at BP 5
(144 and 18 %). As the high values of Isoétes microspores are restricted to a narrow horizon,
they are presumably primary, and show that conditions allowed an aquatic vegetation to
develop at that time, as was the case at Brorup and Rodebak I.

The transition to subzone ¢ coincides roughly with the transition from layer J 2 to J 1
at BP 1 and at BP 3. The organic content is slightly higher at BP 1. The sand content also
increases at that transition. At BP 5, where the basin was considerably deeper, the transition
J 2-J 1 took place at a somewhat later point of time (at the end of subzone c). The increase
in the sand content may be ascribed to a lower water depth as a result of the filling in of
the lake basin.



Subzone W 2d.
(BP 1 1.20-3.40 m., BP 3 2.11-4.23 m., BP 5 7.20-10.02 m.).

The subzone is represented mainly by the sand layers H, G 2 and G 1. The thin detritus
layers in layer G are most numerous in the shallow part of the basin (BP 1, BP 2 and BP 3),
becoming diffuse in the deepest part (BP 5), where the three layers merge into a single unit
(see plate X). Most of the macroscopic material was apparently deposited near the shore.
During the subzone the main parts of the large basin were filled in.

The content of secondary pollen is high ( £ “‘thermophilous trees and shrubs’™ 55 9). Most
of the macrofossils from these layers must have been derived from interglacial deposits.

Subzone W 2e (BP 5 5.00-5.67 m.).

The subzone is represented at BP 5 by the argillaceous gyttja F 2, which consisted of
small, hard lumps. The lumps may have formed during a lowering of the water level in
zone W 3a (¢p. p. 58). From layer F, which also comprises subzone W 3a, J &M recorded
macroscopic remains of the following plants: Betula nana, B. pubescens, Empelrum nigrum,
Hippuris vulgaris, Selaginella selaginoides, Viola palustris and Ranunculus aqualilis (agg.).

Corresponding to the decrease of mineral content the values of “thermophilous trees and
shrubs’ decrease (to 10-159%). A similar trend is shown by the curve for Tertiary tvpes. In
analogy with conditions at Brorup Hotel Bog it is assumed that the pollen of Picea, Pinus,
Juniperus and the Ericales is rebedded. They all become rarer in zone W 3a, where the
values for secondary pollen are very low (cp. BP 5 diagram 1, plate XIII).

The pollen diagram BP 5 diagram 2 (plate XIV) shows the zones W 2e-3d in greater
detail. Here an attempt has been made to obtain a better quantitative picture by omittance
of the pollen of “‘thermophilous trees and shrubs™, Picea, Pinus, Juniperus (except for sub-
zone W 3d) and the Ericales from the pollen totals. As it may be seen from the pollen diagram
the curve comprising “‘all secondary types” is completely parallel to that for “thermophilous
trees and shrubs’, which certainly are secondary.

In pollen diagram 2 the Betula values are very low (109%) at the lowest part of the sub-
zone, but they rise steadily (to 45 %). Otherwise the subzone is characterized by high values
of Salix (1), Gramineae (2), Cyperaceae (3), and frequent occurrence of other herbs such
as Rumex acetosella type (4), Artemisia (5), Chenopodiaceae (6), Thalictrum (7), Cruciferae (8),
Plantago maritima (11), P. media (12), Filipendula (19), Rumex acetosa (20), Urtica dioica
(23), all of which characterize this subzone at Brorup Hotel Bog.

Pollen of Eu-Potamogeton (27), Myriophyllum spicatum (28), M. alterniflorum (29) and
a few other aquatics is present. The values for M. alterniflorum increase to 23 %,.

Zone W 3.
Subzone W 3a (BP 3 1.98-2.02 m., BP 5 4.63-4.91 m.).

At BP 5 the sediment changes to the detritus gyttja F 1 at 4.82 m. At BP 3 the subzone is
represented by the sandy gyttja F, which seems to have been deposited near the shore of
the former lake.

Betula seems to have dominated. However, this becomes obscured a little by a peak for
Cyperaceae pollen, which presumably is quite local (see below). The size measurements
(cp. p. 38) showed that B. pubescens pollen dominates, and B. nana pollen seems to have
been rare, although the species was represented by macrofossils.

There is a definite decrease of the herb pollen, especially Gramineae (1), Rumex acetosella
type (4), Artemisia (5), Chenopodiaceae (6) and a few others, and there is a clear increase of
pollen of Populus (17), Filipendula (19), Rumex acetosa (20) and Thelypteris dryopleris (21).
The birch forests thus resemble those found at Brerup Hotel Bog.

Pollen of Myriophyllum alterniflorum (28) is still common, and microspores of Isoétes
echinospora (34) and I. lacustris (35) have re-appeared. Their values increase strongly,
I. lacustris reaching 31 %. In the middle of subzone W 3a there is a sharp minimum of the
curve for Limnophytes, and correspondingly an increase for that for Telmatophytes (Caltha
(37), Lysimachia thyrsiflora (38) and Menyanthes trifoliata (39)). At the end of the subzone
Limnophytes reach high values again. The maximum of Cyperaceae pollen (cp. above)
corresponds to the minimum for Limnophytes. This development undoubtedly reflects the
formation of a local swamp vegetation probably as the result of a lowering of the water level.
A rise of the water level is certainly indicated at the transition to the cooler subzone b.
Desiccation during the low water level probably caused the crumbling of the subjacent
deposit F 2.

At BP 3 the layer F contains high amounts of Cyperaceae pollen, a fact, which makes it
likely that the deposit was formed during this subzone.
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Subzone W 3d (BP 5 2.95-3.14 m.).

Above layer F the sand layer D is found. It contains a layer of sandy clay-gyttja (D 2),
which is referred to subzone W 3d. The subjacent part of layer D (D 3) formed probably
during the rise of water level in subzone b. Mineral sedimentation was apparently strong,
probably because the large lake had become rather shallow, and no trace of the favourable
subzone W 3¢ was left.

Layer D 2 seems to represent a fragment of subzone d at the transition to subzone e
(BP 5, diagram 2). The content of secondary pollen has increased somewhat. The Juniperus
curve (25) is of interest, as the values increase to 12 %. This feature shows that the deposit
must be younger than subzone ¢ from Brorup, where the Juniperus curve starts rising, and
as the Betula values are rather low (ca. 30 %) and the herb pollen values high, it appears
that the layer belongs to the slightly cooler subzone d, at the transition to subzone e.

The lake basin had become rather shallow. It was filled in by the sand layer D 1, and
no traces of the zones W 4-5 were found.

NORBOLLING

The site Norbolling (Field) is situated about 1000 m. southwest of Brorup Hotel Bog
(see the maps fig. 2, J&M 1928, and fig. 11, p. 123). According to the survey of J &M,
the basin is rather shallow being up to 200 m. across with a maximum depth at about
11 m. In 1954 a new boring was carried out in the deepest part of the basin (near the
borings 5-6, J &M).

Sediments.

The sequence of strata encountered in the new boring was as follows (the strata
have been designated with capital letters corresponding to those used by J&M).

A 0.00 —0.55 m. Humified herbaceous peat.

B 0.55 —1.11 m. Argillaceous gyttja.

C 1.11—-2.20 m. Sand, lowermost some small stones.

D1 2.20-2.64 m. Sandy clay with irregular sand layers and stones(A 2, Ga +s 2).

D2 264—272 m. Sandy clay with some fine-detritus and humus (Ld®1, A 2,
Ga +s 1). The lower limit irregular.

E1 2.72-283 m. Dy with a little humified herbaceous peat (Th? 1, Ld? 3).

E2 283—3.10 m. Dy with a little clay and silt (L.d® 3, A 1). The deposit somewhat
lumpy.

F 3.10 —4.53 m. Clay and silt with some fine-detritus (Ld* 1, A 3).

G 4.53 —5.80 m. Sand.

H 5.80—6.99 m. Sandy clay-gylttja.

J 6.99 —7.73 m. Humified herbaceous peat with remains of Calluna vulgaris and
Eriophorum vaginatum. The interglacial deposits continued down
to 10.91 m.

Pollen Analyses.

The lower mud and peat beds (the layers H, J, K and L) represent the Eemian
Interglacial, according to the pollen diagram of J&M (1. c., plate XXXVII). New pollen
analyses show that the clay, stratum F, is contaminated severely with rebedded inter-
glacial pollen, and macroscopic remains of plants typical of the interglacial horizon
were found by J&M in the layers F and G (i. a. Brasenia schreberi, Carpinus betulus,
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Dulichium arundinaceum, Ilex aquifolium, Najas flextlis). They were presumably also
derived from the interglacial deposit, in the same way as at Herning.

Detailed pollen analysis was carried out on the dy deposit E, in which mineral
malter was scarce or absent. The pollen diagram is shown on plate XIV (cp. table 33).

Pollen Zones.

Zone W 3 (3.11 m.).

The topmost sample from layer F belongs to zone W 3, and the deeper mineral strata
(the lower part of layer F, layer G) correspond to pollen zone W 2. The erosion and the
re-deposition of interglacial material thus continued during zone W 3.

The pollen spectrum at 3.11 m. resembles subzone W 3e rather well. To be mentioned
are the high values for Betula pollen, the rarity of Pinus and Picea pollen (7), and the abun-
dance of pollen of Juniperus (14) and certain herb pollen types.

The common occurrence of microspores of Isoétes echinospora (27) and I. lacustris (28)
and of pollen of Elisma natans (29) is worth mentioning.

Zone W 4 (2.95-3.05 m.).

The sediment is dy (E 2) with a slight content of mineral matter. This layer corresponds
only partly to layer E shown in the sections of J &M (L. ¢., plate XI) as sandy clay, and some
of the macrofossils recorded by J&M from layer E probably belong rather to layer F. The
pollen analyses are hardly influenced from overrepresentation of local terrestrial plants.
A slight amount of rebedded pollen may be present in the lowermost sample.

Pollen of Carpinus (1), Quercus (2), Ulmus (3), Fraxinus (4), Corylus (5) and Alnus (6)
is represented with low values, which increase slightly upwards. This pollen is undoubtedly
primary and may be assumed to have been due to long distance transport (cp. zone W 4
at Brerup Hotel Bog).

The frequencies for Pinus pollen increase rapidly replacing Betula (cf. pubescens), and
the Pinus pollen becomes dominant at the upper part of the zone.

The frequencies for Picea pollen (7) increase from an insignificant value in zone W 3e.
The size-statistics (cp. p. 35) indicate that Picea abies was the only species represented at
the lower part of the zone, and that pollen of Picea omoricoides became rather frequent in
the upper part.

Pollen and spores of Larix (8), Frangula (9), Calluna (10), Thelypteris dryopteris (22),
Filipendula (24), Urtica (25) and Pteridium (26) are rather frequent. Pollen of Populus (13),
Juniperus (14), Salix (15), Gramineae (16), Cyperaceae (17), Rumex acetosella type (18),
Artemisia (20) and Thalictrum (21) is rather rare compared to the values in zone W 3.

Microspores of Isoétes echinospora (27) and I. lacustris (28) are common.

Zone W 5 (2.73-2.90 m.).

The sediment (E 1) appears to be lacustrine. It contained a small amount of herbaceous
rootlets.

Pinus pollen dominates (40-509%) and the Befula values are rather low (10-209). The
values for Picea (7) and Filipendula (23) decrease somewhat. The Frangula (9) and Calluna
(10) values increase.

The values for Isoétes echinospora (27) and I. lacustris (28) decrease, but the microspores
do not disappear entirely. Open water was apparently present also shown by the occurrence
of pollen of Nuphar luteum (38). The values of Sphagnum (33) increase together with those
of Rubus chamaemorus (32).

Only the lowermost part of zone W 5a is represented. The irregular limit to the mineral
deposits above (D 1 and D 2) indicates that erosion took place before the deposition of
these strata. Layer D 1 is obviously a solifluction deposit, and the pollen content of that
deposit and of layer D 2 must be assumed to be dominated by rebedded pollen, probably
to a certain degree derived from destroyed parts of layer E.

SoLso

J&M (1928) discovered Eemian Interglacial deposits at a considerable depth at
the site Solse 22 km. west of Herning (see the maps fig. 4, J&M 1. ¢, and fig. 11,



p. 123). They are covered by thick mineral layers and Postglacial gyttja, and a small
remnant of the lake exists slill. However, no “‘upper mud horizon” was discovered
by J&M (e. c.).

New borings were carried outl in 1955 and 1958. The boring from 1958 was carried
out at the SW edge of the present lake, approximately at the location of boring 10 of
J&M. In summary the profile was as follows:

0.00 —0.87 m. Gyttja (Postglacial).

0.87 —1.38 m. Clay-gyltja (Postglacial).

1.38-12.18 m. Predominantly mineral deposits (Weichselian Glacial).
12.18-17.03 m. Clay-gyttja and gyttja (Eemian Interglacial).
17.03-(17.40) m. Boulder clay.

The boring from 1955 was carried out from the ice in the centre of the small lake.
Only Postglacial gyttja and mineral layers were penetrated. The boring operations
were discontinued at a depth of 10.40 m., as the heavy boring apparatus had to be
removed from the ice due to its beginning to thaw. It is hoped that the boring may be
repeated later.

Preliminary pollen analysis shows that redeposited pollen is present in considerable
quantity already at the end of the interglacial pollen zone h and that the mineral
deposits above it are strongly contaminated with interglacial pollen. The uppermost
clay-gyttja corresponds to the beginning of the Postglacial.

Hence the Allerod, the Bolling, and any older interstadials are not differentiated in
the sections.

CONCLUSION

In this chapter the investigalion of the post-Eemian deposits at the sites Brorup Hotel
Bog, Rodeback I, Herning, Norbolling and Solse have been described. The records at
the various sites are heterogenous as to the length of the intervals recorded, the nature
of the sediments, and their value for pollen analysis.

The post-Eemian records comprise the following pollen zones (not mentioning the
topmost covering deposits):

Brerup Hotel Bog ....... W1-W 5¢
Badeb®k I . « w5 im0 sums s W 1-W 2d
HSrMNG: = ve sp e i3 0358 S5t W 1-W 3d
Nerbelling ..o x o w6 viss sres W1-W ba
NOISH 1 05615 G185 985 350 datt The entire Weichselian Glacial

and the Postglacial.

Summaries of the sediment records from the various sites are shown in table 22.
It can be seen that mineral sediments predominate especially in the lakes at Herning,
Norbolling and Solse. This was probably due to greater exposure. In subzone W 2¢
the lake at Rodebaek I was only 45 m. at the largest diameter, and the lake at Brorup
Hotel Bog was about 50 m. across, whilst the lakes at Herning, Norbelling and Solso
in zone W 3 were still about 600 m., 110 m. and 150 m. across, respectively. It may
be assumed that wave erosion, especially, was rather strong in the larger lakes even
in the favourable zone W 3.

Size and topography of the catchment areas, which are unknown to-day, may also
have influenced the influx of mineral malter.



Table 22. Summaries of the sediment records alt the various sites.
Oversigt over sedimenterne ved de forskellige lokaliteter.

Site ‘ Brorup Hotel Bog Rodebaxk I Herning Norboelling Solso
| |
¢ | Peat (E 1)  (E
W5b | Peat (E 1) Dy CE 1}
a Peat (E 1)
W4 Peat (E 2, E 3) | | Dy ((E1)
¢ Peat and gyttja (E 2, E 4) | Sand (D 1) |
d “ Gyttja (E 4) Sandy gyttja
(D 2) S ‘
W3e | Peat and Gyttja (E 5, F 1) Sand (D 3y | ©1a¥ (F)
b | Gyttija (F 2) Sand (D 3) ‘ .
a | Gyuja (H 1) ‘ Gyttja (F 1) | | Sand
e | Silt and clay Arg. gyttja | and
(H 1, organic content high) (F 2) clay
d | Silt and clay Sand (C) Sand (G, H) \ .
(H 1, organic content low) Clay (F)
W2e Silt and clay Arg. gyttja (D) | Sandy clay ‘ ax;(i
(H 1, organic content high) | J1n Sand (G)
b Clay and gyttja | Clay and sand Clay (J 2) | SRS
(H 2, organic content low, J 1) ‘ (E,F1) [
‘ ‘
\
a | Gyttja (J 1) | Arg. sand (F 1) Clay (J 2) ‘ |
Wi | Gyttja (J 1) | Peat (G) Clay (J 2) | Clay-gyttja |
\ \ ‘ any |
h Peat (J 2, J 3) } Peat (H) i Clay-gvttja | Peat (J) Clay-gyttja
| ‘

(K1) ‘

As re-deposited interglacial pollen is abundant in the mineral sediments, pollen
analysis could be carried out successfully only on the sediments with a high organic
contenl. At Brorup Hotel Bog and at Herning the predominantly mineral layers were
analyzed in detail. The contamination with rebedded pollen is moderate at Brorup,
and some results may be obtained, but at Herning the contamination of the mineral
strata is so strong that the results are largely negative. For that reason detailed pollen
analysis was applied at Norbolling only to the organic deposits, and a detailed investiga-
tion of the predominantly mineral strata was omilted. Al Solso the prospect for positive
results by detailed pollen analyses was not good, and they have been neglected. It is
hoped that the investigation of the interglacial layers can be continued at a later occasion.



V. VEGETATION AND ITS ENVIRONMENT IN WESTERN
JUTLAND IN THE POLLEN ZONES W1-W5

GENERAL REMARKS

Sediments and pollen diagrams from the siles at Brorup Hotel Bog, Rodebak I,
Herning, Norbolling and Solso have been described in chapter IV. The data are
concerned especially with the pollen zones W 1-W 5, and the interglacial pollen zone h
should rather be discussed on a basis of more representative data and in connection
with a study of the entire interglacial succession.

Conclusions as to the palaeoenvironment and its changes may be based on the
sediment records (cp. p. 14), indications of water level changes (p. 14), the composi-
tion of the vegetation, and on information about the requirements of the plants identified
in the fossil flora.

The palaeobotanist works always under the limitations induced by the fossil malerial.
The parts of plants preserved are usually only those of greatest durability. However,
the macrofossils, such as fruits, seeds and floral parts, are often of high taxonomical
value. It may also be thought that only plants which grew in or near the lakes and bogs
would have a chance to become represented by such remains. The literature contains,
however, a large number of identifications of dry-land plants. Pollen grains and spores
are dispersed more eflectively, of course, but these fossils may often only be identified
to taxa of a higher rank than the species.

The identifications in the present study refer primarily to the present-day flora of
Northern and Central Europe. A wealth of information now exists about European
Pleistocene floras, and not the least important part of it relies on a multitude of macro-
fossils. It appears from these studies that the last great changes in the North European
floras took place at the Pliocene-Pleistocene border and during the earliest Pleistocene
(see especially the investigations from the Netherlands by REemb (see vAN DER VLERK
and FrorscutTz 1953) and by Zacwun (1960), and from Poland by Szarer 1953,
1954). Hence, floras from the late Pleistocene, at least, may be considered to be young
from an evolutionary point of view (cp. JENTYS-SzAFEROWA 1958). A large number of
Pleistocene plant remains can be referred to present-day species, and only a limited
number of species now extinct in Europe have been encountered in the late Pleistocene
interglacial floras. HArRTz (1909) and JEssEN (in J &M 1928) thus examined an extensive
material of plant remains from Eemian Interglacial deposits and layers immediately
ajacent to them from Jutland. Macrofossils from this material could be identified with
132 species of higher plants living in Northern Europe to-day. The remains of only
two species could be shown not to belong to any species from that area to-day. These
remains resemble present-day North American species (Brasenia schreberi Gmel. and
Dulichium arundinaceum (L..) Britt.). Within the material examined by the present
author it has proved that an Osmunda species related to the modern North American
and East Asiatic 0. cinnamomea L. occurred together with the European 0. regalis
(p. 21). It thus appears that the Eemian Interglacial flora known from Denmark did
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not differ from the modern North European flora in an essential way. If it had been
otherwise, one might expect that the authors mentioned above had encountered a
greater number of foreign species in their careful investigations.

In the data discussed in more detail here, macrofossils and pollen and spores derived
from Eemian Interglacial deposits occur together with a {lora considered to be primary
and to date from the carly Weichselian Glacial. This flora is compared with the Late-
Glacial flora from Denmark on table 23, and it can be seen that especially the floras
of heliophytes resemble each other closely (see p. 106). These plants were apparently
widespread in Europe in the Weichselian Glacial, and most of the species are still
represented in North and Central Europe.

The species as delimited to-day comprise in many cases series of races (biotypes,
ecotypes, provenances), which may vary physiologically. This problem of physiological
variability within species is not new to palaeoecology (cp. WESENBERG-LUND 1906,
Turesson 1922, LancrLeET 1935, FirBas 1949). The variability of the species during
the Pleistocene has been studied only in a few cases, and plant remains have been
identified to units lower than the species only rarely (e.g. JENTYS-SzaFEROWA and
TrucHanowicz 1953). Hence, species identified from fossils must be considered in a
broad sense. The ecological races of these species may have changed. This possi-
bility represents a serious difficulty in the interpretation of palaeobotanical data. Thus
it may be imagined that the Pleistocene glaciations caused alterations in the biotype
content of the thermophilous species during their migrations to distant southern refugia.
The Pleistocene plant migrations covered presumably rather long spans of time, and
it is possible that they were so slow that the various ecological races found within the
thermophilous species were preserved. Still, the vicissitudes of migration may have
caused racial intermixing or depauperation in these species (cp. Camv 1940b, DaNnse-
REAU 1956, IveErseEN 1958, FirBas 1958, JESSEN, ANDERSEN and FarRrINGTON 1959).
Heliophilous species are likely to have varied grealtly due to racial hybridization with
the creation of open habitats during the glacials. However, these species presumably
suffered serious depauperations due to competition in the Postglacial (cp. TutiN 1953,
IverseEN 1958). It seems clear, that palacoenvironmental conclusions must be broad,
and they should be based on suggestions from more than a very limited number of
species, if possible.

A number of pollen grains and spores could be identified only to species group
(type), genus, or in some cases family. However, such a group of species, or even a
genus, may have certain ecological preferences, although they may be of a broad
nature. In cases where macrofossils have been identified with a species, it is probable
that the pollen referred to the genus belongs to the same species, but one cannot assume
that this was always the case.

The deposits studied serve as residues for fossil remains from the vegetation that
grew locally and in an area around the sites, the size of which cannot be defined. In
such a fossil flora is it only exceptionally possible to group the species into associations,
and in most cases the earlier plant communities can only be delimited in a rather
coarse manner.

General considerations of the interrelations between plants and their environment
are mentioned in a number of well known handbooks (i. a. WarmING, CLEMENTS,
LivingsToNE and SHREVE, RUBNER, DENGLER, BRAUN-BLANQUET, WALTER). Informa-
tion about details may be obtained from the plant-geographical and the forest-botanical
literature, and from lilerature on experimental investigations. In the following, in-
formation from such sources has been relied upon. No claim to complete references is
made, but it has been attempted to obtain information from a wide range within the
distribution areas of the species in question. General sources for information have
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been the works G. Hear: Illustrierte Flora von Mitteleuropa and E. HUuLTEN: Atlas of
the Distribution of Vascular Plants in NW. Europe. These works form a basis for in-
formation in all cases, where literature references are not quoted.

In most cases the demands of plant species to their environment are known only
in a coarse manner. However, their requirements may be much more precise. It will
be necessary to divide environment into simple factors, although it is realized that
such factors may be interrelated, and their effect often complementary.

Unfortunately, exact information about the climatic demands of the plant species is
scarce in the botanical literature. The microclimate at the habitats of the plants may
differ from the meteorological climate. In the present cases, however, we are concerned
more with the meteorological climate. Coincidence of present-day distribution limits
for plant species with meteorological border lines (isotherms, isohyetes, etc.) may not
offer a direct causal explanation of these limits, but such cases suggest that the species
in question cannot find suitable growing places outside the meteorological border lines
(cp. FEcrr 1960). The horizontal distribution limits of plant species may in some cases
be checked by factors irrelevant to climate, e. g. deficient immigration opportunity,
the vertical limits, however, less so, as in that situation dispersal must be assumed to
be more effective. For that reason altitudinal distribution limits may be compared with
horizontal distribution limits with advantage. However, conclusions as to the nature
of the palaeoclimate reached on such a basis should be considered to be interpretations
rather than facts.

According to IveErseN (1944), it should be remembered that the occurrence of a
plant species is likely to be delimited by the temperatures of the whole year, but the
average temperatures for the warmest and the coldest month may be useful for a
determination of its thermosphere (IVErRSEN L. ¢.). Unfortunately, indications of the
winter temperature are scarce in the fossil material. Hence, summer temperatures can
only be estimated rather broadly. Iversen (1954) arranged the plant species into the
following groups, according to their reliability as temperature indicators, (1) trees
and shrubs, (2) water plants, (3) shade tolerant herbs and dwarf shrubs, (4) heliophilous
herbs and dwarf shrubs. Plant species which are highly exacling as to their habitat,
e. g. basiphilous species, are the ones least likely to have climatically conditioned
distribution limits to-day (SamueLsson 1915, 1934, Iversen 1. c.). In contrast to
WEesENBERG-LUND (1909), IverseNn (l. ¢.) concludes that aquatic plants may be ex-
cellent temperature indicators, and that a low sun altitude does not favour the occurrence
of thermophilous aquatic plants in particular (for the high value of aqualic plants as
temperature indicators, see also GrLick (1927), SAMUELSSON (1934), and Szarer (1946,
1954)). Iversen's study (I. c.) of the environment of the Late-Glacial flora in Denmark
demonstrates the detail with which such a picture may be reached on the basis of a
comprehensive and well determined fossil material.

The polar and the altitudinal forest and tree limits constitute important plant geo-
graphical border lines. In Northern Europe Pinus silvestris, Picea abies and Betula
pubescens are the most important trees along the forest border. In Scandinavia, west of
the middle part of the Kola peninsula, Betula tortuosa, probably a race of B. pubescens
(s.1.), dominates the zone between the coniferous forest border and the tree line. This
zone is commonly referred to as the subalpine or subarctic zone. Scattered individuals
of Pinus silvestris, Picea abies and Populus (remula occur in this zone, but the plants
remain dwarfed and are often sterile there (e. g. KinLman 1890, SELANDER 1950 and
Kieanper 1955). The subarctic zone in Scandinavia corresponds to the zone with
scattered trees (“‘forest tundra’’) in Northern Russia (Husticn 1952). Scattered in-
dividuals of Pinus silvestris and Picea abies also occur there (PoHLE 1903, RUBNER
and ReinnoLp 1953).
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In Central Europe Picea abies is also common at the altitudinal forest border. Betula
pubescens and Pinus silvesiris ascend to a similar altitude there (see i. a. Gams 1927,
PaurL 1947). Besides Picea, Larix decidua and Pinus cembra are frequent al high altitudes
in the Central Alps. The upper Picea forest border may be compared with the North
European coniferous forest border, and the Pinus monlana-Alnus viridis zone in the
Northern Alps, and the Larix-Pinus cembra zone in the Central Alps correspond thus
approximately to the North European subarctic-subalpine zone (Gams 1921, 1923,
pu RieTz 1924, REGEL 1924, IVERSEN 1954).

Information from sediment records, finds of macrofossils, and the distribution of
the fossil pollen and spores will be referred to below. The details of pollen distribution
in the pollen zones W 1-W 5 will appear from the pollen diagrams, plates VI, VII,
IX, and XI-XIV, and the tables 23 (pp. 107-111) and 28-33 (pp. 138-149). A survey
of the most significant features in the occurrence of the various pollen and spore types
is shown on plate XV. The histograms indicate for each zone or subzone the numbers of
species belonging to certain ecological categories (the curves A and B), and average
frequencies for various significant pollen and spore types. The species entering the
curves A and B will be listed below at the descriptions of the various zones (the
Ericales were not included, as presence or absence of their species cannot be determined
exactly for the subzones, in which secondary pollen occurs). The pertentages are
based on the pollen record from Brorup Hotel Bog (for the zones W 1-W 3) and
Norbolling (zones W 4-W 5). In that manner the various zones are represented by
records from lacustrine sediments, which are rather free from overrepresentation
of pollen from local vegetation.

The curves for pollen and spore frequencies shown on plate XV are intended to
illustrate the mode of occurrence of each species. For that reason it has not been
attempted to keep the percentage scales uniform. Dominance and subdominance may
be judged more readily from the pollen diagrams themselves. The percentages are based
on the pollen totals used for the pollen diagrams (see p. 15), except for the zones
W 2b-e and W 3a-b, in which “all secondary pollen” was omitted (see p. 55).
The curves on plate XV are somewhat easier to read than the pollen diagrams.
On the other hand, details may sometimes have become obscured, and may appear
more clearly in the pollen diagrams themselves.

The curves on plate XV have been divided into 3 groups in the following manner:

I. Plants occurring mainly in zone W 2.
II. Plants occurring mainly in zone W 3.
ITI. Plants occurring mainly in the zones W 1 or W 4-5.

ZoNE W 1

The pollen spectra at Brorup Hotel Bog and at Rodebak I from zone h, the last
zone of the Eemian Interglacial sequence, represent quite local vegetation, which
apparently consisted of Alnus-Picea-Belula pubescens swamp forests with frequent
occurrence of heath shrubs.

The pollen spectra from zone h at Herning from aquatic sediments indicate that
Picea, Pinus and Alnus predominated in the general vegetation. The presence of pollen
of Buxus, Taxus, Ilex, Hedera and Lonicera periclymenum (Brorup Hotel Bog, Rodebak I
and Herning) suggests that the climate was warm and oceanic, at least in the early
part of the zone. It is remarkable that Picea abies was rather common at that time (see
also J &M 1928, IverseN 1944). This may suggest that this species was richer in oceanic
biotypes formerly than at present (cp. JESSEN, ANDERSEN and FARRINGTON 1959).

6
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This problem may be returned to on basis of a more adequate material including the
whole Eemian Interglacial.

The transition to zone W 1 is indicated in the pollen diagrams at Herning by decreases
of Picea, Alnus and Pleridium, and increases of Juniperus, Calluna, Empetrum and
herb pollen, but the zone border is not developed clearly at that site due to rebedded
interglacial pollen. The sediments from zone W 1 at Brorup and Rodebak I are also
aquatic, and at these sites the general vegetation is better represented than in zone h.
At Brorup the sediment from zone W 1 contains practically no secondary pollen, and
at Rodebak I only a slight influence from re-deposition is apparent.

Sediments.

J&M (1928) noticed indications of a rise of water level at the uppermost part of a
number of bogs dating from the Eemian Interglacial. As mentioned before, the present
investigations have shown that the rise of water level took place at the transition to
zone W 1 at Brorup Hotel Bog and at Rodebak I. The sediment changes, and remains
of water plants appear at both sites. At Herning the transition to the zone is accompanied
by an increase in the amount of mineral matter in the sediment.

Temperature.

Trees. The pollen from temperate trees and shrubs occurs at Brorup with such
low frequencies that it may be assumed that this pollen was due to long distance
transport by wind.

It may be presumed that most of the Pinus pollen belongs to Pinus silvestris. The
pollen occurs at Brorup and at Rodebak I with values at 10-139%,, and it is rather
frequent at Herning (20-309,). Such frequencies suggest that the tree occurred at
that time with scattered individuals.

Pollen referred to Picea abies, Belula pubescens and Populus tremula occurs in small
amounts (Brerup Hotel Bog), and it is suggested that these trees may have occured
occasionally.

It is interesting to notice that the tree birch decreased together with Pinus and Picea
at the end of the Eemian Interglacial. It is suggested, accordingly, that the Befula
species present at that time had climatic demands similar to those of Pinus silvestris
and Picea abies, and the species was, accordingly, B. pubescens (s. sir.) rather than
B. tortuosa (cp. p. 80). The size-statistical data suggest a similar conclusion (p. 37).

Shrubs. Shrub communities characterized the zone.

The pollen of Befula nana dominates within the birch pollen (p. 37).

The pollen referred to Juniperus communis is quite common with frequencies up to
69 (at Rodebak I).

Pollen of Calluna vulgaris and Empelrum nigrum occurs with frequencies at 5-109,,
and pollen referred to Empetrum hermaphroditum and Arctostaphylos uva-ursi is rather
frequent. Heaths with Befula nana, Juniperus and ericaceous dwarf shrubs were ap-
parently widespread. Similar communities characterize the subalpine-low alpine zones
in Scandinavia, the mountains of the British Isles, and the Faeroes and Iceland to-day.
It appears that Empetrum nigrem was more common than E. hermaphrodifum in
Jutland in zone W 1. The species does not occur above the forest limit to-day, but is
replaced by E. hermaphroditum at that altitude (ArRwipsson 1935, Warr and JonEs
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1948). E. hermaphroditum is rare below the forest limit in Scotland and in Scandinavia
(METCALFE 1950, ARWIDSSON L. ¢.).

A few pollen grains were referred to Frangula alnus, Genista, Rubus idaeus, R. saxatile)
and Arctostaphylos alpina, and seeds of Andromeda polifolia occurred. Frangula alnus
does not reach the subalpine zone to-day. The pollen referred to the species was found
near the lower border of the zone. The species of Genista occur only in the southern-
most part of the Scandinavian peninsula to-day, but the species G. germanica and
G. tinctoria may be found above the forest limit in the Alps. Rubus idaeus is rare in the
subalpine zone in Scandinavia, and R. saxatfilis') ascends into the low alpine zone
(NorDHAGEN 1943, SELANDER 1950, KiLanpeEr 1955). Arctostaphylos alpina reaches
the high alpine zone, and the species is rare below the forest border. Andromeda polifolia
reaches the low alpine zone.

Terrestrial herbs. Pollen grains referred to Rumex acetosa and Geum were
rather frequent. These plants characterize open (and moist) woods to-day.

Some of the herbaceous plants represented rather commonly by pollen indicate
open habitats (e. g. Rumex acetosella (type), Armeria maritima, Plantago maritima,
Artemisia), and a number of the plants identified from rare finds also indicate such
habitats (Lycopodium selago, Selaginella selaginoides, Bolrychium, Chenopodiaceae,
Plantago media, Sanguisorba officinalis, S. minor, Campanula).

Aquatic plants. Microspores and pollen referred to Isoétes echinospora and Myrio-
phyllum allerniflorum are recorded at Brorup. Similar remains occurred al Rodebak I,
together with fruitstones of Sparganium minimum. Isoéles echinospora and I. lacustris
were apparently also common at Herning together with Myriophyllum alterniflorum.
The Isoétes species occur in the subalpine zone to-day. Sparganium minimum and
Myriophyllum alterniflorum also occur there, but Myriophyllum is often sterile in most
of the subalpine zone (SAMUELssSON 1934, KiLANDER 1955).

The summer temperalure in zone W 1 must have been considerably lower than
that of zone h. Pinus silvestris, Betula pubescens, Populus tremula and Picea abies may
have remained with scattered individuals. The terrestrial and aquatic plants represented
in the zone suggest that conditions were similar to those found in the subalpine and
subarctic zones of NW Europe to-day.

The finds of Armeria marilima suggest thal the winter temperature was not very low
(cp. IVERSEN 1954). Genisla species characlerize oceanic heaths to-day (i. a. TUXEN
1937, BocHer 1943), but the species (. germanica and G. lincloria are rather of a sub-
continental distribution type (MEuseL 1940, BocHER 1. ¢., WALTER 1951). Species of
NW-European distribution are represented in the aquatic flora, but their occurrence
is probably related to edaphic conditions rather than to winter temperature. Information
about the winter temperature in zone W 1 is thus scarce. However, it is suggested that
the climate was oceanic.

Precipitation.

As mentioned above heaths similar to those found in zone W 1 are widespread in
the subarctic and subalpine zones of NW Europe to-day. According to NORDHAGEN
(1943) Calluna and Empetrum are most common in the coastal mountains in Norway,
and these species dominate the mountain heath vegetation of the British Isles (WaTT
and Jongs 1948) and the Faeroes (Bocuer 1940) too. Both species seem to depend on
high air humidity during the summer, and snow protection during the winter is essential

Y and R. arcticus,
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for them too (NORDHAGEN l. c., HEDBERG et al., 1952). Befula nana and Juniperus
communis also require some snow protection in the subalpine zone, and are slightly
chionophilous. Arctostaphylos uva-ursi, on the other hand, is chionophobous. The
three last mentioned species are common in the continental parts of Scandinavia and
seem to require less air humidity during the summer (NORDHAGEN 1. c.).

Rumex acetosa requires snow protection and some moisture. Plantago maritima and
Armeria maritima occur to-day frequently in mountain vegetation in the British Isles,
the Faeroes and Iceland, and they even tolerate long snow cover (Bocuer 1940,
STEINDORSSON 1945), but other herbs represented in zone W 1 are chionophobous
(Rumex cf. acelosella, Artemisia, Sanguisorba spp.).

It thus appears that air moisture was high and snow cover rich, but not excessive
during zone W 1. Locally, on slopes facing south or exposed to wind, snow cover may
have been scarce.

Soil.

The composition of the vegetation in zone W 1 indicates that acid soils were of wide
occurrence. Calluna and the Empetrum species cover to-day large areas on acid substrate
in the subalpine zone in NW Europe together with Befula nana, Juniperus and Arcio-
staphylos uva-ursi. The sites investigated here are situated in the “‘hill islands’ of
Western Jutland in tills left from the glaciation, which preceded the Eemian Inter-
glacial, and in which boulder clays with a high lime content predominate. Leaching
began probably during the Interglacial, and it seems that this process had become so
general in zone W 1 that acidophilous heath vegetation became prevalent. This develop-
ment was probably encouraged by formation of an acid terrestrial humus layer due to
a humid climate.

The flora of terresirial plants from zone W 1 contains besides Calluna and the
Empetrum species a few other plants, which are acidophilous to-day (Arctostaphylos
alpina, Thelypteris dryopteris, Lycopodium clavatum). A few of the plants represented
(Filipendula, Geum, Urtica dioica, Rumex acetosa, Trollius europaeus) occur in sub-
alpine tall herb communities to-day, and require a rather nutritious soil (NORDHAGEN
1943, KoTiLaiNen 1951).

Some plants represented in zone W 1 characterize open soil (Artemisia, Chenopodiaceae,
Plantago maritima, Rumex cf. acetosella), and a few species which are neutro-basi-
philous to-day are recorded (Ophioglossum vulgatum, Plantago media, Sanguisorba
minor, S. officinalis, Selaginella selaginoides). It is suggested that areas with bare,
mineral soil existed, probably due to some erosion activity. The finds of basiphilous
species are rare; they may represent patches of calciphilous vegetation, which survived
the Interglacial.

The local vegetations at Brorup Hotel Bog and at Rodebak I became oligotrophic
already during zone h, as heath vegetation developed. Wet local communities with
Sphagnum, Eriophorum vaginatum and Rubus chamaemorus developed at the transition
to zone W 1, but the aquatic species appeared soon. Isoéles echinospora and I. lacustris
characterize lakes with acid or neutral water to-day. Myriophyllum alterniflorum does
not occur in decidedly acid water, but the species is rare in lakes with a rich aquatic
vegetation (IVERSEN 1929, SAMUELSSON 1934, IvERSEN and OLsEN 1943, OLseEN 1950).

No aquatic species, which is basiphilous to-day, is recorded. This fact is quite
interesting, as the lakes apparently were basic in the Interglacial. Impoverishment of
the lake water is suggested, probably due to leaching of the soils in the areas surrounding
the lakes. A similar development is known from Postglacial lakes (SAMUELSsON 1934,
IVERSEN 1954).
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The subzones a, ¢ and e appear to have been relatively warm, and the subzones b
and d seem to represent the coldest parts of the sequence studied. The entire zone is
well developed at Brorup Hotel Bog, and the five subzones are well distinguished in
the composition of the sediments, and their pollen content. The subzones a—d are
represented at Rodebzk I, but only the deposits from subzone ¢ are suitable for pollen
analysis. The entire zone is represented at Herning, but the sequence is not clearly
differentiated. Subzone ¢ may be recognized in an indistinct way, and subzone e is
well developed there.

Remains from 170 taxa of higher plants have been identified to genus or species
level. 60 of them are considered to be rebedded from the interglacial layers (cp. table 23,
pp. 107-111). The layers at Brorup from the subzones a, ¢ and e are relatively free
from that source of error, and the same is true for subzone ¢ at Rodebaek I and for
subzone e at Herning.

Sediments.

It can be seen from table 22 (p. 77), that the sediments from zone W 2 are pre-
dominantly mineral, but that there is some local variation. The mineral sedimentation
was strongest at Herning, Norboelling and Solse, presumably because these lakes were
larger than the lakes at Brorup Hotel Bog and at Rodebaek I (p. 76). Mineral content
predominates in the sediments from the subzones b and d at all of the sites. At the
end of the zone, lakes still existed at Brorup, Herning, Nerbolling and Solse, but the
lake at Rodebak I became filled in almost completely already during the subzones
a-b, except for a small pool, and this basin was nearly oblitterated in subzone d, so
that no deposits could form in zone W 3. Most of the many Eemian Interglacial sites
known in Western Jutland (cp. the list in J&M 1928, pp. 245-246) were apparently
filled in by mineral deposits already during an early part of zone W 2 (the subzones
a-b). It is suggested, accordingly, that a major part of the cryoplanation of the Western
Jutland landscape took place at an early time after the Eemian Interglacial.

The erosion in zone W 2 was apparently considerable. At Brorup Hotel Bog the
maximum thickness of the layers dating from zone W 2 is 2.70 m., at Rodebaek I
3.50 m., at Norbolling about 3 m., and at Herning no less than 14 m. (at BP 11 of
J&M). At the interglacial sites listed by J&M (L. ¢.) as having no organic horizons in
the covering deposits, the thicknesses of the upper mineral strata vary between 1.15-
10.00 m.

The various erosion activities mentioned earlier (wave erosion, surface run-off,
solifluction, cp. p. 13 and 76) will produce the same type of sediment in the deepest
part of the lakes, i. e. water-sorted clay, sand or gravel. However, it is suggested that
at least a part of the material was brought to the margins of the lakes by solifluction.
At Brorup Hotel Bog J &M (1. ¢.) characterize the marginal part of layer H (*‘the middle
bed”) as stony sand with rolled fragments of wood and lumps of interglacial mud
(BP 5, J&M), and at Herning the marginal parts of layer J (corresponding to the
subzones a-b) was described by those authors as “‘stony clay, moraine like in the
southern-most part’” (see the description of the brickworks pit profile, 1. c., p. 17).
At Rodeback I a solifluction deposit dated to subzone b (layer E, see the profile, plate
VIII) reached almost to the centre of the basin from the north, and the covering deposit
of stony sand (C), which postdates the clay-gyttja from subzone ¢, was also soliflucted.
This layer reaches from the north and south almost to the centre of the basin, where
its equivalent is stratified sand.



86

The observations just mentioned agree with the results of A. JESSEN, MADSEN,
MitHERS and NORDMANN (1918), in their investigation of the covering deposits at a
number of Eemian Interglacial sites in Western Jutland. These authors found above
the Eemian Interglacial layers, marginal solifluction deposits replaced in the central
parts of the basins by lacustrine sediments, and they noticed disturbances of the surface
of the interglacial peat at the margins of the basins. Similar results were reached by
J&M (1928). Norvane (1943) in his investigation of the covering deposits of some
Eemian Interglacial bogs (Hoellund Segird, Emmerlev Klev) found mainly layers of
stratified sand, a result which is nol inconsistent with the observations mentioned
above. Hence, it is indicated that mineral material was brought to the edges of the
lakes largely by solifluction, and became water-sorted during deposition in the central
parts of the lakes.

The solifluction deposits from Western Jutland appear to have formed by amorphus
solifluction, which implies that an undifferentiated mass of soil moved or crept down
the slopes. This solifluction type was described originally by ANpERssoN (i. a. 1906, cp.
SERNANDER 1905, HoGgBoMm 1913). Later authors (SereENSEN 1935, Grier 1939, TrRoLL
1944, 1947, Bryan 1946, CarLLEUx and TayLor 1954) include structured soils (polygons,
stone stripes) within the solifluction phenomena. Fossil structured soils have also been
observed in Western Jutland (see Norvana 1946), but they cannot be dated exactly
within the Weichselian Glacial, and they may have formed at a later point of time than
the phenomena mentioned here. At any rate, there is no evidence that structured soils
formed during zone W 2. According to observations from the present day, the most
intensive mass lransportation is caused by amorphus solifluction, as the movement
in structured soils results mainly in a sorting of the material in situ (¢p. SORENSEN
l. ¢., ""Hangsolifluktion™ versus ‘‘Microsolifluktion” according to TrorLr 1. c.). Ac-
cording to RupBeERG (1958) waler-saturated solifluction soil, poor in vegetation, may
move up to 6.5 cm. a year on a slope of only 5°, and transportation may be effective
even on slopes of only 2° (BUpeL 1948). Amorphous solifluction was apparently a main
agent in the cryoplanation of the West Jutland landscape, a result, which agrees with
the opinion of J&M (L c., see also A. Jessen 1905, HoeBom 1913, SaLomon 1916,
A. JESSEN, MADSEN, MiLTHERS and Norpman 1918, Griep 1924, BUperL 1944, TroLL
1948).

Structured soils characterize the High Arctic to-day, and amorphus solifluction
occurs especially in low arctic and subarctic regions (BEskow 1930, SORENSEN 1935,
BipeL 1948, CaiLLeux and TAvyLor 1954). SERNANDER (1905) and Hoeom (1913),
in their classic descriptions, referred also to solifluction phenomena of this type from
low alpine and even subalpine regions in Scandinavia. Most authors consider over-
saturation with water to be an important reason for amorphous solifluction. A perennial
pergelisol is not a necessity, as other conditions may cause excess of water. Some
authors (ANDERSSON 1906, SERNANDER l. ¢., BUpEL 1944, Danr 1956. HEDBERG et al.
1952) mention the importance of melting water from large snow accumulations, and
oversaturation by formation of ice crystals during freezing in the autumn may also
be important (Beskow 1930, SoRENSEN L. ¢., Dicker 1937, BUpeEL 1948). A moist
climate, especially one with much snow, a long melting period, and a high ground
water level, are thus favourable for amorphous solifluction, which characterizes areas
with oceanic climate within the arctic and subarctic regions (cp. especially BEskow
1930, PATERSON 1940, TroLL 1944, 1948, BUpEL 1944, 1948, Danr 1956). Fine grained
soils such as those found in the glacial landscape of Western Jutland would be especially
suited for this solifluction type.

The sediment records show that the soil erosion in zone W 2 was especially strong
in the subzones b and d. Traces of solifluction can be referred to these subzones,



especially. Organic sedimentation in the lakes was strongest in the subzones a, ¢ and e.
The differences between the sediment columns from the various sites must be due to
variations in the local conditions, probably especially size of the lakes, exposure to
wind, and topography of the catchment areas. The solifluction was presumably due to
oversaturation of the surface layers with water in connection with an arctic or sub-
arctic climate, and a high ground waler level. Perennial pergelisol may have been
present, but no indications of this phenomenon can be dated to zone W 2.

Temperature.

Trees. As discussed earlier most pollen of trees found in zone W 2 appears to be
secondary.

The frequencies for Picea pollen decrease at the lower zone border at Brorup to
very low values. The curve rises later on due to deposition of secondary pollen.

The percentage values for the Pinus pollen remain around 109, in subzone a at
Brorup. Most of that pollen was probably due to long distance transport by wind.
The Pinus pollen occurring in the later subzones is probably secondary, but a proportion
of wind transported pollen may occur, especially in subzone ¢ (see especially the pollen
diagram from Rodebak I, plate 1X).

A few pollen grains referred to Populus tremula occur in subzone a, and may be
primary. The few finds from the subzones b and d may be secondary.

Primary pollen of Befula pubescens may be present in subzone a at Brorup (p. 53). -
Much of the Betula pollen from the subzones b-d at Brorup is presumably secondary
(p. 53), and the pollen of the species was rare in subzone ¢ at Rodebzxk I, according
to the size-frequency distribution curve (p. 38). In subzone e, however, the species
was apparently present at Brorup (p. 53).

One pollen grain from subzone a may be referred to Prunus cf. padus. The tree
occurs in the subalpine zone in Scandinavia to-day.

Shrubs and heliophilous herbs. Pollen from various shrubs is rather frequent
in the zone, and a rich element of heliophilous herbaceous plants appeared.

Salix pollen is quite frequent in most of the zone, but its species identity is unknown.
Pollen of Salix herbacea was found only once (subzone ¢), and no pollen referable to
S. polaris (cp. Facrr 1953) was noticed. A few leaves of S. herbacea and a fragment
of a leaf of S. cf. phylicifolia were recorded at Herning by J &M (1928). Salix scrub
occurs most commonly in the low arctic and low alpine zones in Scandinavia to-day.

Betula nana was apparently quite common in the subzones a (Brorup), ¢ (Brorup,
Rodebak) and e (Brorup). As mentioned earlier the species ascends into the low
arctic and low alpine zones in Scandinavia to-day.

Juniperus communis was common at least in the subzones a and c.

Ericales. The pollen of the ericaceous dwarf shrubs is rare in the pollen analyses
from subzone a at Brorup Hotel Bog (cp. plate XV). In subzone b the frequencies
increase again, but the majority of the Ericales pollen is secondary, and these plants
must have been rare, if present at all. The various species are common in the low
alpine and subalpine zones in NW Europe to-day (p. 82), and their decline at the
beginning of zone W 2 can hardly have been caused by too low summer temperature.

Pollen of Gramineae and Cyperaceae is very common throughout the zone, indicating
that vegetation of herbaceous plants prevailed. Heliophilous shrubs (except Ericales)
and herbaceous plants identified from pollen and spores are listed below. Most of
the plants are represented only by scattered finds, but a few of them have continuous
curves in the pollen diagrams (Arfemisia, Rumex acetosella, Plantago maritima). The
letters in brackets indicate the subzones from which the finds are recorded.
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Allium cf. schoenoprasum (ce)
Anthyllis vulneraria (be)
Armeria maritima (cde)
Artenusia (abede)
Astragalus alpinus (cde)
- campestris type (de)
- danicus (de)
- frigidus (c)
Betula nana (abede)
Botrychium lunaria (ce)
Campanula type (abede)
Centaurea scabiosa (c)
Chenopodiaceae (abede)
*Cytisus nigricans (de)
*Ephedra distachya (abce)
¥ o= cf. strobilacea (ce)
Euphrasia-Rhinanthus (ac)
Gentiana amarella type (cd)
* - pneumonanthe (d)
Gypsophila (cd)

Helianthemum oelandicum type (ce)

Juniperus communis (abc)
*Linum austriacum type (d)
Lotus (cde)
Lycopodium selago (ace)
*Ophioglossum vulgatum (c)
Parnassia palustris (ce)
Plantago maritima s. 1. (abede)
- media (acde)
Rosa (c)
Rumex acetosella s. 1. (abede)
Sagina nodosa (¢)
*Sanguisorba minor (c)
- officinalis (abce)
*Scleranthus perennis (¢)
Sedum (bed)
Selaginella selaginoides (acde)
Swertia perennis (ad)
*Teucrium montanum (d)
Thalictrum (abede)
“Trifolium alpestre (c)
- arvense (de)

*Hippophaé rhamnoides (c) Viscaria sp. (cd)

® : Aok
*Jastone montana {c)

The pollen from several of the genera and species listed is almost certainly primary
(p. 54). Curve A on plate XV shows that plants of this ecological type were represented
most commonly in subzone ¢ (37 taxonomic groups), where the amount of rebedded
pollen is at minimum at Brerup Hotel Bog and at Rodeback I. This suggests strongly
that the heliophilous plants belong to the primary flora.

Higher summer temperature in subzone ¢ may have contributed to the general
concentration of heliophytes there. The Arfemisia curve at Brorup Hotel Bog shows
maxima in the warmer subzones a, ¢ and e, and minima in the subzones b and d (see
curve 26 on plate VI, and plate XV). VaN pErR HammeN (1951) found that the Artemisia
values were particularly low in the Pleni-Glacial of the Netherlands, and ascribed
this to low summer temperature. Hence, it is possible that the plant was favoured by
higher summer temperature in the subzones a, ¢ and e, and that deficient summer
temperature caused its minima in the subzones b and d (for the influence of soil
conditions, see p. 92).

The plants marked with asterisks in the list above are not represented above the
forest limit in Europe to-day. However, they will not be considered reliable temperature
indicators here (cp. IVERSEN 1954 and p. 79), as such plants may be limited to-day
rather by competition or historical factors than by temperature. Still, some of the
finds may suggest a rather high summer temperature, especially in subzone ¢ (Ephedra
spp., Hippophaé, Jasione montana, Scleranthus perennis, Teucrium montanum (found
at the transition subzone c—d)).

Shade tolerant herbs. Plants, which characterize subalpine tall herb com-
munities to-day (cp. i. a. BocHer 1938, HusticH 1936, NORDHAGEN 1943, SELANDER
1950), were not common in zone W 2. Thus pollen grains and spores of Filipendula,
Rumex acetosa, Urlica dioica, Geum, Thelyplteris dryopteris, Melampyrum and Lycopodium
clavatum were rare in most of the zone (see the curves in group II on plate XV). In
some cases, their frequencies begin to increase in subzone e.
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The summer temperature can hardly have been too low for these plants, at least not
in the warmer subzones, and it appears to be more likely that soil conditions were
unfavourable for them (cp. p. 91).

Pollen referred to Mercurialis perennis was recorded from subzone a at Brorup and
subzone ¢ at Rodebak I, and pollen referred to Stellaria holostea from subzone c at
Brorup. These finds are rather surprising. A secondary origin might be possible.

Aquatic plants. The sequences at Brorup Hotel Bog, Rodebak I and Herning
were lacustrine during zone W 2, and pollen and spores from aquatic plants are rather
abundant in certain subzones.

The pollen and spores of the following species of higher aquatic plants are quite
certainly primary (the letters in brackets indicate the sites at which the plants are
represented. B = Brorup Hotel Bog, R = Rodebzk I, H = Herning),

Callitriche sp. (B) *Myriophyllum spicatum (BRH)
#(Elisma natans) (B) *Polygonum amphibium (BH)
Hippuris vulgaris (H) Potamogeton sect. Eupotamogeton
#[soétes echinospora (BRH) (BRH)
—  lacustris (BRH) Ranunculus trichophyllus type (BRH)
*Myriophyllum alterniflorum (BRH) Typha-Sparganium type (BRH)

The following macrofossils (J &M 1928) are presumably primary too,

*Potamogeton natans (B) Sparganium angustifolium (R)
- pusillus (B) - minimum (BR)
Ranunculus aquatilis (coll.) (BRH)

The pollen of Elisma natans was found just at the transition to zone W 3. Its signifi-
cance will be discussed later (p. 98).

The plants marked with asterisks are not represented in the lists of species occurring
in the alpine zone in Europe to-day given by IVERSEN (1954). One species (Myrio-
phyllum spicatum) is basiphilous to-day, and its present distribution may be restricted
by edaphic factors rather than by temperature (SamuELsSsoN 1934, IvErsen 1. ¢.). Two
species (Myriophyllum alterniflorum, Sparganium minimum) are sterile in the upper
part of the subalpine zone to-day (SAmMuELssonN 1934, KiLANDER 1955).

The distribution within the zone of the aquatic plants is best illustrated by the pollen
diagrams. At Brorup Hotel Bog (plate VI) the curve for Limnophytes shows very clear
maxima in the subzones a, ¢ and e, and the values are low in the intervening subzones
b and d. The following plants are represented in the three subzones, subzone a: Myrio-
phyllum alterniflorum, Sparganium, subzone c¢: Myriophyllum alterniflorum, M. spicatum,
Potamogeton, Sparganium, Ranunculus, Callitriche, subzone e: Isoétes echinospora,
I. lacustris, Potamogeton, Sparganium, Callitriche, Polygonum amphibium. The following
plants are represented at Rodebak I, in subzone c: Isoétes echinospora, I. lacustris,
Myriophyllum alterniflorum, M. spicatum, Ranunculus, Sparganium. At Herning the
curves are less clear. The subzones a and ¢ contain indistinct maxima for Isoéfes
echinospora and I. lacustris. A richer aqualtic flora developed at the site in subzone e
with maxima for Myriophyllum alterniflorum, M. spicalum, Polamogeton, Ranunculus,
Sparganium and Hippuris vulgaris.

It may be seen that the aquatic plants occurred richly in the subzones a, ¢ and e,
and the lakes were nearly sterile in the subzones b and d. The subzones b and d
coincide with the maxima for influx of allochtonous mineral matter. LIVINGSTONE
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(1957) has shown that strong mineral sedimentation may cause a depletion of nutrients,
especially phosphorus, in the lake water, sufficiently to prevent a development of
certain plankton organisms. In the present case there is no reason to believe that the
mineral sedimentation was unfavourable for the aquatic plants. Most of the species in
question do not depend on the concentration of nutrient ions in the lake water, as they
may derive such ions from the bottom deposits, and some of the species (Sparganium
angustifolium, S. minimum, Myriophyllum alterniflorum, Isoéles echinospora and I.
lacustris) require very little phosphorus (LonamMER 1938, IVERSEN and OLSEN 1943).
It may accordingly be considered to be fairly certain that temperature was the most
important factor governing the abundance (or flowering intensity) of the aquatic plants
in the profiles just mentioned.

It may be concluded from the occurrence of higher aquatic plants that the summer
temperature was relatively high during the subzones a, ¢ and e, and that it did not
differ substantially from that of zone W 1. As Myriophyllum alterniflorum is sterile in
most of the subalpine zone in Scandinavia to-day, the common occurrence of pollen
grains referred to the species in the subzones a, ¢ and e suggests that the summer
temperature at those times was hardly substantially lower than the summer temperature
found at the coniferous forest border in Scandinavia to-day. This agrees with the
finds of Potamogeton natans, Sparganium minimum (subzone c¢) and Polygonum amphi-
bium (subzone e), which also are rather thermophilous.

Some other plants from local habitats indicate probably also rather favourable
summer temperatures in subzone c. Pollen grains referred to Rumex aquaticus or
R. hydrolapathum are recorded at Rodebak 1. Both species are of lowland distribution
to-day, and do not occur above the coniferous forest limit in Scandinavia. This is
also the case for Drosera inlermedia, recorded at Rodebak I too. Drosera anglica or
D. rotundifolia is recorded from the subzone at Rodebak I and at Herning. D. rofundi-
folia, which ascends the highest to-day, occurs only rarely above the subalpine zone.

A minimum for Limnophytes in subzone ¢ at Rodebak I corresponds to maxima
for Sphagnum, Rubus chamaemorus and other bog plants (p. 65). A lowered water
level during the subzone is indicated. It was probably due to a slightly increased
climatic dryness, which coincided with the temperature maximum.

The disappearance of the aquatic plants in the subzones b and d suggests that the
summer temperature was low, perhaps of high arctic character.

It may be seen that the terrestrial and the aquatic floras offer similar pictures of the
changes of the summer temperature in zone W 2. The summer temperature in the
subzones a and e presumably corresponded to that of the subarctic and the subalpine
zones in Scandinavia to-day. This was presumably also the case during the warm
oscillation in subzone ¢, which separated the two cold subzones b and d. The climate
in the subzones b and d was most probably arctic. Such a result explains the conclusions
reached from the sediment records, according to which solifluction and other erosion
especially prevailed during the subzones b and d.

The vegetation was nearly treeless in the subzones a—d. In subzone e, Betula pubescens
and Populus tremula were apparently present, but Pinus, Picea and Juniperus did not
react to the temperature rise in this subzone.

Only a few indications as to the winter temperature exist. The rareness of the erica-
ceous heath shrubs may have been due to edaphic conditions (cp. below) rather than
to too low winter temperature. The finds of plants of present-day atlantic or sub-atlantic
distribution, such as Jasione montana, Scleranthus perennis and Armeria maritima
suggest that the winter temperatures cannot have been very low, and the climate
apparently was at least moderately oceanic.
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Soil and Precipitation.

The decrease for the Ericales pollen at the beginning of the zone was a significant
event. As mentioned above the decline of these heath plants can hardly have been due
to temperature changes, and there is no reason to believe that the climate became too
dry. It seems to be much more likely that the decrease of the Ericales resulted from
soil changes. It is well known from the present day that solifluction may destroy a
humus layer and turn up unleached subsoil, thus preventing podsolization. Acido-
philous heath plants are absent from such places (see descriptions from the Scandinavian
mountains by SERNANDER 1905, FRODIN 1918, HEDBERG et al. 1952, GyaErEVOLL 1956,
and especially the detailed description by DanL 1956). Hence, it may be assumed that
the solifluction destroyed the acid, podsolized land surface in zone W 2, and brought
unleached subsoil to the surface.

As mentioned on p. 71, the high frequencies for rebedded pollen of Calluna and
Empetrum found at Herning indicate that acid humus with much local heath shrub
pollen was eroded.

Calluna and Empefrum may have occurred occasionally in places not affected by
the solifluction. Empetrum hermaphroditum was probably a member of a local bog
community at Rodebak I in subzone ¢ (p. 65), and it appears that Arctostaphylos
uva-ursi may have occurred in subzone ¢ (p. 52 and 64). The species may occur
on a wide variety of soils to-day.

Juniperus was apparently fairly common at least in the subzones a and c. The
species has a wide soil range to-day. Belula nana was common at least in the subzones
a, ¢ and e. This species may grow on wetter and more acid soils, but otherwise its soil
range is similar to that of Juniperus.

It was mentioned on p. 88 that herbaceous plants common in subalpine tall herb
communities to-day were rare in zone W 2. As it is indicated that the summer tempera-
ture was rather high in certain subzones, it appears that this probably was due to
insufficient humus formation. The frequencies of some of these plants begin to increase
in subzone e, and the soil became probably more favourable for them at that time.

It may be assumed that the soil erosion in zone W 2 brought unleached mineral
soil to the surface. Finds of plants considered to indicate neutral-basic soils are listed
below (the letters in brackets indicate the subzones from which the finds are recorded),

Anthyllis vulneraria (be) Linum austriacum type (d)
Astragalus alpinus (bed) Ophioglossum vulgatum (¢)

- campestris type (de) Parnassia palustris (ce)

- danicus (de) Plantago media (acde)

- [rigidus (¢) Sagina nodosa (c)
Centaurea scabiosa (c¢) Sanguisorba minor (c)
Ephedra distachya (abcee) — officinalis (abce)

- cf. strobilacea (ce) Selaginella selaginoides (acde)
Gypsophila (cd) Swertia perennis (ad)
Helianthemum oelandicum type (ce) Teucrium montanum (d)
Hippophaé rhamnoides (c) Trifolium alpestre (¢)

Only 5 species of this type were represented in zone W 1 (p. 84, and curve B on
plate XV). Similar numbers occur in the subzones a and b. After subzone b, during
which the solifluction may be presumed to have been especially strong, their number
had increased to 19 (in subzone ¢). None of the heliophilous plants listed on p. 88
are distinctly acidophilous to-day. Jasione montana, Rumex acetosella s. 1. and Scleran-
thus perennis may be considered to be acidophilous (Vork 1931, WarLTER 1951), but
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these species have wide pH ranges. Rumex acetosella s.1. thus occurs frequently on
basic soils (i. a. Vorxk 1. ¢., OLsen 1921, MorLuoLm HANSEN 1930, NORDHAGEN 1943,
ALBERTSSON 1950, BocHER 1954), and this is also the case for Jasione and Scleranthus
(Voik 1. c., BRAUN-BLANQUET 1955, BocHER 1. ¢.). It is suggested, accordingly, that
neutral-basic soils became of wide occurrence in zone W 2.

Some of the heliophilous plants belong rather to closed meadow or grassland com-
munities to-day (e. g. Gentiana pneumonanthe, Ophioglossum vulgatum and Trifolium
alpestre), but the majority of these plants occur often in habitats with open mineral
soil, such as young moraines, solifluction areas, mountain screes and land slides,
beaches, dunes, flood zones of rivers, flat rock areas with seasonal flooding, steep dry
slopes and deserts (for examples containing the plants mentioned, see especially
AI1CHINGER 1951, ALBERTSSON 1950, ANDERSSON and BirGeR 1912, O. ANDERSSON 1950,
BrAUN-BLANQUET 1936, 1955, BRAUN-BLANQUET and JENNY 1926, BOocHER 1937, 1945,
1954, CasanDER 1903, 1908, 1909, Facrr 1934, Gams 1927, MornoLm HANSEN 1930,
Jaras 1950, JEnny-Lips 1929, Kuka 1931, 1936, 1939, Lipr 1921, 1945, 1958, MEUSEL
1939, 1940, NORDHAGEN 1943, SALISBURY 1925, STEFFEN 1928, STEINDORSSON 1945,
STERNER 1922a, 1922b, Ttxen 1937, Vork 1931, 1940). It is interesting to notice that
pioneer plants were so prominent in zone W 2. Prevalence of open habitats with
mineral soil apparently formed a background for the rich flora of these plants.

It has been stressed that snow cover and soil moisture were high in zone W 2.
This may explain that the Arfemisia frequencies remain rather low, in the warmer
subzones only exceptionally above 29, whilst in the Late-Glacial Artemisia frequencies
above 109, are often met with (see i. a. FirBas 1949, 1951, IVERSEN 1954, VAN DER
HamMEeN 1951, Gopwin 1956). As IVERSEN (1. ¢.) pointed out, most European Arfemisia
species are xerophilous. Thus the plant may have been favoured by decreased moisture
in the subzones a, ¢ and e, but snow and soil moisture probably prevented it from
becoming more common.

As mentioned on p. 88, heliophilous plants were especially common in subzone c.
As these plants may not be particularly thermophilous, they may rather have been
favoured in subzone ¢ by decreased moisture (see the curves for Rumex acetosella s. 1.,
Plantago maritima, Lolus, Astragalus alpinus and Thalictrum on plate XV).

Wet solifluction soils of the amorphous type may carry practically speaking no
vegetation to-day (see descriptions by BOcHER 1954 b, DanL 1956, GiEREVOLL 1949,
1956, FrOopin 1918, HepBERG et al., 1952, NORDHAGEN 1943, SEIDENFADEN 1931,
SELANDER 1950, SERNANDER 1905, STEINDORSSON 1945). Even Salix herbacea, S. polaris
and Polygonum viviparum, which tolerate some snow cover, show reduced vitality in
wet solifluction soils (GyEREVOLL 1. ¢.), and species able to survive such conditions
(e. g. Phippsia spp., Poa alpina, Luzula confusa and other Luzula species, Cerastium
cerastoides, Ranunculus glacialis, R. pygmaeus, R. nivalis, Cardamine bellidifolia, Saxi-
[raga rivularis, Cassiope hypnoides, Gnaphalium supinum a. 0.) may produce very little
pollen because of reduced flowering intensity, and they may not become recognized in
pollen analysis.

Very little can be said about the composition of the vegetation in the subzones b
and d, and the vegetation from the solifluction soils seems to be represented poorly
in the pollen analyses. Salix herbacea is represented with one pollen grain (subzone c,
at Rodebak I), and one pollen tetrad belongs probably to Cassiope hypnoides (sub-
zone b, at Brerup Hotel Bog). The pollen of Cerastium-Stellaria type cannot be identified
sufficiently closely, and the pollen of Ranunculus belonged rather to aquatic species.
The curves for Liguliflorae, Galium type, Campanula and Bistorta show highest fre-
quencies in the subzones b or d. These finds may be primary, but the species identity
of the pollen is uncertain. The Bistorta pollen may belong to Bistorta (Polygonum)
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viviparum, and the pollen of Campanula to C. rotundifolia. A sample from the soli-
fluction layer E 2 at Rodebak I (BP 79 m., depth 1.90 m., from subzone b) had the
following pollen spectrum: “‘thermophilous trees and shrubs’ (Carpinus, Quercus, Acer,
Fraxinus, Alnus, Corylus, Ilex, Viscum) 329, Picea 0.49,, Pinus 5.09%,, Betula 239,
Salix 1.3%, Juniperus 0.7%, Calluna 7.3%,, Empetrum 1.5%,, Gramineae 17%,, Cyper-
aceae 8.69,, Pteridium 0.29,, Rumex acelosella type 0.59%,, Rumex acetosa 1.19,, Plantago
maritima 0.29,, Sphagnum 3.89,, Isoéles lacusiris 0.99,, Thelypteris palustris type 0.49,
Typha-Sparganium 0.4 9, Myriophyllum alterniflorum 0.59%,. It may be seen that the
pollen spectrum is dominated by interglacial pollen and pollen from plants which were
common in zone W 1. Only a small proportion of the pollen may be assumed to be
primary, and no species particularly characteristic of solifluction soils is represented.

Macroscopic remains of such plants were also rare. J &M (1928) recorded two leaves
of Salix herbacea from the “‘middle bed” at Herning, and among the 37 species of
bryophytes listed from that layer by J&M (l. c.) two species (Meesia triquetra and
Paludella squarrosa) may be found in snow beds, and only four other species (Bryum
ventricosum, Catosporium nigritum, Ceratodon purpureus and Ditrichum flexicaule) may
grow on wet solifluction soils to-day (according to kind information from cand. mag.
K. HOLMEN).

It seems, indeed, that the remains of terrestrial plants found in the lake sediments
represent mainly the vegetation that occurred on well drained slopes exposed to sun
and wind, and, in the warmer subzones, also on dried out solifluction soils. Such
habitats harboured a flora rich in plants able to grow on barren mineral soil, truly
the “tramps’ of the plant world (ep. ErprMaN 1946), which spread from their inter-
glacial refugia, as an opportunity was offered.

It can be seen from the pollen diagram from Brorup Hotel Bog (BP 1, plate VI)
that Cyperaceae pollen is most {requent in the subzones a-c, and that spores of Sphagnum
and pollen of Rubus chamaemorus are common there. These remains represent probably
vegetation in boggy habitats not yet aflected by the solifluction. The Cyperaceae pollen
is less common in the subzones d-e, and it is suggested that the bog habitats became
destroyed.

The local bog community that developed at Rodebak I in subzone ¢ apparently
contained Empetrum hermaphroditum, Cyperaceae, Rubus chamaemorus, Drosera spp.
and Sphagnum (p. 65). Such a community is distinctly acidophilous. The moss
Caliergon stramineum noticed in the same layer (p. 65) presumably also belonged to
that community. The species occurs mainly in acid Sphagnum bogs lo-day (KiviNeN
1935, SoRENSEN 1948).

The flora of higher aquatic plants from the zone is listed on p. 89. The species
Myriophyllum alterniflorum, Potamogelon pusillus and Hippuris vulgaris are neutro-
basiphilous to-day (IVERSEN 1929, IVERseN and OLseN 1943, Orsen 1950, MEUER
and pE Wit 1955), and the moss Scorpidium scorpidioides, recorded at Brorup Hotel
Bog (p. 56), belongs to that category of plants too. SorRENSEN (1. c., cp. IVERSEN
I. c., KiviNnen 1. ¢.) found the species only in neutral and basic water, and he found
that it grows best at pH 7.5-8.0. Calliergon giganteum, recorded from subzone c at
Rodebak I (p. 64), occurs in weakly acid and neutral water to-day, but the species
is most common at neutral conditions (KiviNeEN 1. ¢., SORENSEN 1. ¢.). The occurrence
of the higher plants and the bryophytes mentioned suggests, that the water of the lakes
at Brorup Hotel Bog, Rodebzk I and Herning cannot have been acid in zone W 2.

The remains of Polamogelon filiformis and other basiphilous species found especially
at Herning do not occur in such a manner that it can be assumed that they are primary.
The finds referred to Myriophyllum spicalum, however, must be considered to be reliable.
The pollen grains occur quite commonly in subzone c¢ at Brorup Hotel Bog and at
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Rodebeak I, and in subzone e at Herning, where the occurrence of rebedded pollen is
at minimum, and it can hardly be doubted that the species grew in the lakes at those
times. The aquatic floras from zone W 1 contained no basiphilous species, and the
appearance of Myriophyllum spicalum may be considered to indicate that the water
received by the lakes from the surroundings contained carbonates, presumably due
to solifluction, which brought unleached subsoil to the surface (see above).

The aquatic vegetation found in the warmer subzones of zone W 2 was not ex-
ceedingly rich. Still, competition from Myriophyllum and Polamogeton was apparently
too strong for the Isoétes species at Brorup Hotel Bog in the subzones a and ¢, and at
Herning in subzone e. The Isoétes species replaced Myriophyllum and Potamogelon at
Brorup Hotel Bog in subzone e, and at Herning at the transition to zone W 3, pre-
sumably because the lake water became poorer again.

ZoNE W 3

The entire zone is developed in detail in the pollen diagram from Brorup Hotel
Bog (BP 1, plate VI), but only subzone a and a fragment of subzone d are represented
by pollen bearing deposits at Herning (BP 5, plate XIV).

Rebedded pollen occurs only in the subzones a and b at Brorup Hotel Bog, and
the amount of rebedded pollen is insignificant. The influence of rebedded material is
a little stronger in the layers at Herning, but a rather clear picture of the contempora-
neous vegetation can still be reached (p. 73).

Sediments.

The sediments at Brorup Hotel Bog indicate a climatic improvement. The organic
content is high, generally (see fig. 9, p. 51), and the water level was low during most
of the zone. The sediments also reflect minor oscillations in the water level within the
zone. The lake dried out in subzone a, and the lake bottom contracted into hard lumps
(p. 58). The sedimentation was resumed in subzone b, and clay-gyttja (F 2) formed.
During subzone ¢ the peat layer E 5 formed, but gyttja formed in subzone d again.
The reversements of the development in the subzones b and d were probably caused by
slight climatic deteriorations, which led to higher water level (see also p. 117). Another
peat deposit (E 3) began forming in subzone e.

Increased organic content (layer IF 1) also marks the transition to zone W 3, at
Herning. At the transition to subzone b the sediment became predominantly mineral
again, and mineral sedimentation continued until most of the basin was oblitterated.
The large lake had apparently become so shallow that material carried out from the
shores probably by wave movement dominated the sedimentation. At Norbolling
and Solse the sediments from this zone were predominantly mineral, here too pre-
sumably due to wave erosion (see p. 76).

The sediments are lacustrine, mostly, and the pollen diagrams are influenced only
slightly by locally produced pollen (see p. 58 and 73).

Temperature.

Trees and shrubs. The sediments from the subzones ¢ and e at Brorup Hotel Bog
contain no allochtonous material, and all their pollen is undoubtedly primary. Pollen
of Carpinus, Quercus, Ulmus, Alnus and Corylus occurs there with frequencies less than
19. It was presumably due to long distance transport by wind. Pollen of Picea and
Pinus occurs in a similar way. The Pinus pollen reaches maximum values at 49,.
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Betula pubescens was by far the most frequent tree. The species contributed the main
proportion of the large-sized pollen, and B. forfuosa, if present at all, was rare (p. 37).
The Betula pollen frequencies are so high, that it must be assumed that the area was
forested. The abundance of Betula pubescens indicales that the July temperature was
rather high. The frequent occurrence of the light demanding Populus tremula, Betula
nana and Juniperus communis (in the subzones c—e), and the high herb pollen frequencies
show that the birch forest cannot have been dense. The Befula values decrease in the
subzones b and d, and the herb pollen frequencies increase. The Betula forest ap-
parently became more open in these subzones, and it is suggested that the summer
temperature was lowered sufficiently to cause decreased vitality in Betula pubescens.

The Populus curve rises just below the transition to the zone. The curve follows that
of Betula rather closely. As mentioned earlier Populus {remula occurs in the subarctic-
subalpine zones in Scandinavia to-day, but the species is dwarfed there and often
sterile. The temperature requirements of the species are probably similar to those of
Betula pubescens and Pinus silvestris (see p. 80).

Prunus pollen occurs scatteredly in the subzones a, ¢ and d. Prunus padus is the
least thermophilous Prunus species in Northern Europe to-day, and occurs in the sub-
alpine zone in Scandinavia (HormBoE 1925, NORDHAGEN 1943, SrerLaNDER 1950,
KiLanpeR 1955), but the species may not always reach the upper limit of that zone
(NORDHAGEN 1927).

Pollen grains referred to Malus silvestris are recorded from the subzones a and c¢
at Brorup Hotel Bog. The species has a rather southerly distribution in Scandinavia
to-day, and it does not reach high altitudes in the Alps (Wallis at 1600 m., Gams 1927).
In view of the difficulty in reaching very certain identifications the finds should probably
be considered with caution.

Betula nana was apparently rather common during the zone. This heliophilous
shrub ranges widely in subarctic and temperate parts of Europe to-day.

Juniperus pollen is fairly frequent in the later part of zone W 2 at Brorup Hotel Bog
(29,). The frequencies decrease to very low values at the transition to subzone W 3a
(0.49, at Brorup, 1.39, at Herning), and the pollen is quite rare in subzone b too
(0.89, at Brorup). The pollen of the species becomes common later reaching 79, in
subzone ¢, and 129, in subzone e, and the species found obviously favourable conditions
in the open Betula forest at that time. It is quite difficult to understand, why the species
was so rare in the subzones a and b. Temperature, light and soil were presumably
just as favourable for it as later on. One possible explanation is that this shrub dis-
appeared from the neighbourhood of the sites in zone W 2 (subzone d), and that some
of the pollen found there is secondary (cp. p. 53). Such a theory would imply that
Juniperus did not re-immigrate to the area untill subzone c.

The Salix pollen becomes rarer in zone W 3. It is least common in the subzones ¢
and e (see plate XV). The Salix scrub apparently belonged to the heliophilous element.

A few pollen grains referred to Frangula alnus occur scatteredly in the subzones
a—d. The curve rises just before the transition to subzone e. The species does not exceed
the 13°C July isotherm in Scandinavia to-day, and it is rare north of that for 14°C.
BirGeRr (1904) indicates its northern distribution limit in Norrland at 15°C July tem-
perature. The species may fail to flower at its northernmost habitats in cool summers
(ANDERSSON and BIrRGer 1912), and it does not reach the upper coniferous forest limit
in Scandinavia, nor in the Alps. The species grows well on acid soil and tolerates some
shade. Hence, it may be considered to be a fairly reliable temperature indicator.

Pollen grains referred to species of Rubus (R. idaeus, R. saxatilis, R. arclicus, R. cf.
fruticosus) were found repeatedly. Seeds of R. idaeus occur too (p. 57). The pollen
grains referred to that species occur in the subzones ¢ and e. The species is rather rare
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above the forest border in Scandinavia to-day. R. arcticus (subzone b) and R. saxatilis
(subzones b, ¢ and d) ascend somewhat higher, into the low alpine zone (NORDHAGEN
1943, SELANDER 1950, KiLANDER 1955, HEDBERG et al. 1952). The species belonging
to R. fruticosus s. 1. are rather southern in Scandinavia to-day, but the pollen cannot
be identified with great certainty.

Pollen referred lo Lonicera xylosteum is recorded from subzone e at Brorup Hotel
Bog. The species is rare north of the July isotherm for 15°C in Scandinavia to-day,
and it does not reach the upper coniferous forest limit. The species occurs also in
Picea woods in the Alps (Liipr 1921, Gams 1927).

The remains of Larix discovered in subzone e do not allow an identification with
one of the North European species, Larix decidua Mill. or L. sibirica Ledeb. Larix
decidua found closest to Denmark to-day is the species most likely to have occurred.
It grows naturally in southern Poland and in the Carpathians (var. polonica (Racib.)
Ostenfeld and Syrach Larsen), the Sudeten, Hohe Tatra, and in the Alps (OSTENFELD
and LARsEN 1930). The species reaches high altitudes in the Central Alps, where it is
common at the upper tree limit. In the Sudeten the species does not reach high altitudes,
but in Hohe Tatra it ascends to the forest border (RuBNER 1934). Larix decidua is
susceptible to attacks from canker (Dasyscypha Willkommi (Hart.) Rehm) when planted
in regions with oceanic climate (RuBNER 1. ¢c., RoBak 1948). This is the case for plants
of Alpine and Carpathian provenance especially, but plants from the Polish lowlands
may be quite resistant to such attacks (Gourn 1956). The light requirements of the
species vary somewhat. The species has high light requirements in the Alps, and is a
weak competitor, but the Sudetian larch seems to be less demanding. At any rate, the
open birch forest of zone W 3 must have suited the species well.

Shade tolerant herbaceous plants. Plants of this type became rather frequent
in zone W 3. A number of rather thermophilous species are represented.

Filipendula cf. ulmaria pollen is quite frequent in the zone. The pollen frequencies
decrease slightly in the subzones b and d (see plate XV). The species is rare and
usually sterile in the low alpine zone to-day (NORDHAGEN 1943, SELANDER 1950,
KmANDER 1955). Pollen referred to the species was common in Denmark in the
Allerod and in the Pre-Boreal, but was rare in the cold Younger Dryas (IVERSEN 1954).

Other rather thermophilous herbs identified from pollen grains are Urlica dioica,
the pollen of which is common in most of the zone, Fragaria (subzone a) and Solanum
dulcamara (subzones a and c). IVERSEN (1954) mentions the occurrence of the latter
species from the Allerod Interstadial, and emphasizes its importance as an indicator of
a rather high summer temperature (14°C in July).

Pteridium spores appear in subzone e (see plate XV). The species appears to be quite
thermophilous. It is rare north of the 15°C July isotherm in Finland and in Sweden,
but it is common south of the 13°C July isotherm at the West coast of Norway. The
distribution of the species is rather similar to that of Alnus glutinosa, and it does not
reach the upper coniferous forest limit in the Scandinavian mountains. The altitudinal
limit of the species in the Alps is similar to that of Corylus avellana (maximum at
1800 m.).

Finally, the finds of pollen referred to Mercurialis perennis are to be mentioned. One
pollen grain is recorded from subzone a and one from subzone e, both of them from
Brorup Hotel Bog. The distribution of the species in Scandinavia is quite southern
to-day. Its northern limit touches southernmost Finland, Middle Sweden and southern
Norway (corresponding to the 15-16°C July isotherm), but the species has a few
peculiarly isolated outposts in Western Norway (cp. Farr 1960). In the Alps, the
species ascends to about the same altitude as Pteridium aquilinum. A few pollen grains
are recorded from zone W 2 (secondary?, see p. 89). The find from subzone W 3a
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at Brorup Hotel Bog may not be quite reliable, but the find from subzone e is un-
doubtedly primary.

Plants from open habitats. The abundance of herb pollen in zone W 3 illustrates
that the forest remained open. The pollen of several herbaceous plants, which were
prominent in zone W 2, remained rather common in this zone (Gramineae, Cyperaceae,
Rumex acetosella type, Galium type, Tubuliflorae, Liguliflorae, Artemisia, Plantago
maritima and Campanula, see also group I on plate XV). Their frequencies decrease as
a rule during the zone, and they are especially low in the subzones ¢ and e, presumably
because the forest was more dense in these subzones. A few light-demanding plants
became more common in zone W 3 (e.g. Thalictrum, Chenopodiaceae, Sanguisorba
officinalis, Allium cf. schoenoprasum, see group II on plate XV).

Besides some of the shrubs mentioned above (Juniperus, Betula nana, Salix), the
following plants from open habitats are represented in the zone:

Allium cf. schoenoprasum (abde) Helianthemum oelandicum type (ab)
Armeria maritima (de) *Hippophaé rhamnoides (ab)
Artemisia (abede) #*Ophioglossum vulgatum (abd)
Astragalus alpinus (bd) Parnassia palustris (bd)

- campestris type (a) Plantago maritima (abede)

- frigidus (d) - media (abed)
Botrychium cf. lunaria (abde) Polygonum aviculare type (ac)
Bupleurum (d) % - convolvulus type (a)
Campanula (abde) - persicaria type (d)
Chenopodiaceae (abed) Rosa (a)

Dianthus (b) Sanguisorba officinalis (abede)
*Ephedra distachya (ade) Thalictrum (abede)

*Ephedra cf. strobilacea (a) *Trifolium alpestre (a)
Gentiana amarella type (d) Trifolium arvense (a)
Gypsophila (¢) *cf. Vaccaria pyramidata (d)

32 plants from this category are represented. Compared with the corresponding
figure for zone W 2 (45) it may be seen that the total number of such plants has de-
creased somewhat. The occurrence of heliophilous plants within the zone will appear
from curve A on Plate XV. It can be seen that the numbers found in the subzones ¢
and e are lowest, presumably due to shade.

The plants marked with asterisks are not represented above the forest zone in Europe
to-day. Their occurrence in zone W 3 is not surprising. The Bistorta pollen probably
represents Polygonum bistorta here, a species, which is most common below the forest
border in the Alps to-day, and is rather shade tolerant (see also plate XV).

The Betula forest of zone W 3 was apparently sufficiently open for a rather rich
flora of heliophilous plants. It is indicated that the shade was strongest in the sub-
zones ¢ and e.

Local plants. The floras of local plants from zone W 3 were quite rich. Several
of the species appear to be rather thermophilous. The following species do not occur
above the coniferous forest border in Scandinavia to-day:

Elisma natans (abede) Nuphar luteum (abc)
Littorella uniflora (b) Typha latifolia (de)
Lobelia dortmanna (acd) Valeriana dioica (b)

Lysimachia thyrsiflora (acd)

The pollen of Elisma natans is rather frequent at Brorup Hotel Bog. One pollen grain
occurred in subzone a at Herning, and the species is represented at Norbolling (sub-

7
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zone e) too. Elisma natans occurs only in Western Europe to-day (from NW. Spain to
Western Poland, Southern Scandinavia and the British Isles). The occurrences are
very scattered. In Scandinavia the species occurs in westernmost Denmark, at two
localities near Oslo in Norway, and it was discovered recently at one locality in SW.
Virmland in Sweden (HyrLanpeEr 1953). Grick (1905) suggested that the scattered
distribution of the species may be due to difficulties of spreading, as its seeds do not
float well (Ravn 1895), but competition may be a more decisive factor. The species
thrives well when cultivated outside of its natural range (SAMuELsson 1934), and its
present distribution can hardly be limited by temperature alone (cp. FirBas and
GraHMANN 1928). However, the species may still be considered to be rather thermo-
philous.

Typha latifolia appears to be rather thermophilous, and IvERSEN (1954) considers
the species to be a reliable temperature indicator. The species belongs to SAMUELSSON's
Bothnian group, the species of which do not exceed the 15°C July isotherm in Scan-
dinavia (SAMUELSSON 1934, see also BirRGer 1904). Lobelia dortmanna, Littorella
uniflora and Nuphar luteum belong to SamutLssoN’s Laplandish group, the species of
which do not exceed the 14°C July isotherm. None of the species mentioned are basi-
philous. Nuphar luteum does not reach the upper Picea forest limit in the Alps.

Pollen referred to Lysimachia thyrsiflora was quite common at Brorup Hotel Bog.
The northern and altitudinal limits of the species in Scandinavia are similar to those
of Nuphar luteum. Its altitudinal limit in the Alps is rather low (1100 m.). The species
is not basiphilous.

Valeriana dioica is quite southern in Scandinavia and probably rather thermophilous
(cp. FxEGrr 1960). The species ascends to 1800 m. in the Alps.

It may be seen that the vegetation in zone W 3 appears to be distinctly thermophilous.

The subzones a, ¢ and e appear to be the most favourable ones. The forests of
Betula pubescens were rather dense, but not strongly shading. According to IVERSEN
(1954) the very similar birch forests from the Allerod Interstadial indicate that the
July temperature was at least 12°C. The common occurrence of Filipendula cf. ulmaria
is also significant (cp. IVERSEN 1. ¢.).

From subzone a the finds referred to Prunus cf. padus, Fragaria and Solanum dul-
camara are worth mentioning. Among the local plants the occurrences of Elisma natans,
Lysimachia thyrsiflora, Nuphar luteum and Lobelia dortmanna should be mentioned.
A rather high summer temperature is indicated.

From subzone ¢ we may mention the finds referred to Prunus cf. padus, Rubus idaeus,
Solanum dulcamara, Elisma natans, Lysimachia thyrsiflora and Nuphar luteum. Here
too the summer temperature was presumably rather high.

From subzone e we may notice the finds of Frangula alnus, Lonicera xylosteum,
Rubus idaeus, Pteridium, Mercurialis perennis, Elisma natans, Lysimachia thyrsiflora
and Typha latifolia.

It seems to be indicated that the summer temperature was lowered slightly in the
subzones b and d. The Betula curve was depressed and increases in the herb pollen
values show that the forest became more open. Populus and Filipendula decreased in
these subzones, and even the Juniperus curve is depressed somewhat in subzone d.

The floras of these subzones are poor in thermophilous terrestrial plants, but the
floras of local plants do not differ appreciably. Hence, the temperature oscillations
cannot have been large.

Indications of the winter temperature are few. The occurrence of Larix and Lonicera
aylosteum may suggest that the climate was not strongly oceanic. Several atlantic species
are represented in the flora of aquatic plants (Isoéles echinospora, I. lacustris, Elisma
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natans, Myriophyllum alterniflorum, Littorella uniflora, Lobelia dortmanna). However,
their value as indicators of winler temperature may be questioned (p. 83).

The local successions give information about changes in water level, which probably
reflect climatic changes. They reflect in detail the changes in water level indicated by
the sediment columns.

Limnophytes (Isoéles echinospora, I. lacustris, Polamogeton) were common at Brorup
Holel Bog at the end of zone W 2 (see the pollen diagram on plate VI). Their values
decrease strongly at the transition to zone W 3 corresponding to a drying out of the
lake, and they reach another maximum in subzone b. The Limnophytes disappear in
subzone ¢, but their curve reaches another maximum in the course of subzone d,
reflecting another rise of the water level. The curve for Typha-Sparganium is similar,
it represents probably Sparganium minimum, another Limmnophyte. The curve for
Polygonum amphibium, an Amphiphyte, is also similar to that for the Limnophytes.

The curve for Elisma natans is similar to that for the Telmatophytes, suggesting that
the species was associated with these plants. The species flowers and fruits well on dry
ground, but then its vegetative parts become reduced (Grick 1905).

The curve for the Telmatophytes (Lysimachia thyrsiflora, Menyanthes {rifoliala,
Caltha palustris) rises in subzone a. The species mentioned apparently colonized the
lake bottom as the lake dried out. The curve for Umbelliferae has a similar course.
The generic or specific identity of the pollen is unknown, but it is suggested that it
represents an Amphiphyte or a Telmatophyte from that family.

In subzone ¢ the lake was overgrown by another community of bog plants especially
Cyperaceae (presumably Carex rosirata and C. lasiocarpa, p. 58) and Sphagnum.
This community was flooded in subzone d, but in subzone e the lake was overgrown
again by a similar community with much Sphagnum.

The local succession at Brorup Hotel Bog in zone W 3 contained thus 3 telmatic
stages (in the subzones a, ¢ and e¢) and two aquatic stages (in the subzones b and d).

A similar development look place at Herning. Limnophytes (mainly Potamogeton,
Myriophyllum alterniflorum, Isoétes echinospora, I. lacustris), Ranunculus spp. and
Typha-Sparganium show a minimum at the middle of subzone a. The values for
Cyperaceae and Telmatophytes (Caltha palustris and Menyanthes trifoliala) increase at
the same level. The succession indicates that the water level was low in subzone a,
and that it rose again at the transition to subzone b. Limnophytes (Polamogeton, Myrio-
phyllum, Isoétes a. 0.) were also common in subzone d.

The local developments thus give detailed information about changes in water level.
The water level at both sites was apparently lowered at the transition to zone W 3,
and it remained rather low during the zone. The water level rose slightly in the sub-
zones b and d. Hence, the rises in the walter level correspond to the minima in the
Betula curve. These water level changes were presumably related to changes in the
summer temperature (see chapter VI).

Precipitation.

Information about the precipitation in zone W 3 is scarce. It may be mentioned that
the lowerings of the water level in the lakes suggest that evaporation was higher and
the climate in general drier than in zone W 2. The climate probably became slightly
more moist in the subzones b and d. The decline in Befula in these subzones cannot
have been due to increased dryness, and it seems quite certain that the precipitation
was ample for the growth of trees.

7*
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Soil.

Zone W 3 is characterized by consolidation and an initiation of humus development.
The openness of the Belula pubescens and Populus tremula forests was presumably due
to the fact that more shading trees and shrubs had not immigrated yet.

Many of the plants which were represented commonly in zone W 3 characterize
slightly acid or neutral forest soil to-day. Similar communities rich in tall herbs may
be found in subalpine or subarctic birch woods (¢p. NorpHAGEN 1927, 1943, KotI-
LAINEN 1928, KaLera 1939, MornoLm HanseN 1930), in stabilized river alluvia (see
e. g. CasanpER 1909, REGEL 1936, Kuika 1936, MEUustEL 1940, Vork 1940, SCHRETZEN-
MAYER 1950, WENDELBERGER-ZELINKA 1952) or in similar situations near mounlain
slides (cp. Liipr 1921, 1945, JEnny-Lips 1929, AicHINGER 1951). Such plants represented
in zone W 3 are Filipendula (cf. ulmaria), Rumex acetosa, Bistorta, Geum, Rubus saxatilis,
Prunus cf. padus (see group II on plate XV), Rubus arcticus, Solanum dulcamara,
Fragaria (cf. vesca), Polemonium coeruleum, Lonicera xylosteum. Nitratophilous species
represented are Chenopodiaceae, Urtica dioica (plate XV), Rubus idaeus and Chamae-
nerium angustifolium. Mercurialis perennis presumably belonged here. According to
MukEeRJT (1936) the species has rather high requirements as to humus content but it
requires at the same time basic or only slightly acid soil. JEnNy-Lirs (1. ¢.) found the
species on calcareous screes together with pioneer plants (e. g. Gypsophila repens,
Teucrium montanum, Anthyllis vulneraria, Cynanchum vincetoxicum).

Spores referred to Thelypteris dryopterts appeared quite early and pollen and spores
of Melampyrum and Lycopodium clavatum became common during the zone (see
group II on plate XV). Frangula alnus and Pleridium aquilinum appeared in the sub-
zones d-e (see group III, on plate XV). All these plants are acidophilous to-day. Their
representation here agrees with the presence of primary pollen of Calluna and Em-
petrum in the subzones c—e.

As mentioned on p. 97, heliophytes were still rather common, and open habitats
apparently remained common. Finds of plants, which indicate neutral-basic soils,
are listed below:

Astragalus alpinus (bd) Lonicera xylosteum (e)

- campestris type (a) Mercurialis perennis (a?, e)

- [rigidus (d) Ophioglossum vulgatum (abd)
Ephedra distachya (ade) Parnassia palustris (bd)

- cf. strobilacea (a) Plantago media (abed)
Gypsophila (¢) Sanguisorba officinalis (abede)
Helianthemum oelandicum type (ab) Trifolium alpestre ()

Hippophaé rhamnoides (ab)

The numbers of heliophilous and neutro-basiphilous plants decreased during the
zone (see curves A and B on plate XV).

Local plants. The community of aquatic plants found in the small lake at Brorup
Hotel Bog at the end of zone W 2 suggests that the lake water was neutral or perhaps
somewhat acid, as Myriophyllum alterniflorum and M. spicatum had disappeared
(p. 94).

In subzone a the lake bottom was overgrown by Elisma natans, Lysimachia thyrsi-
flora and Menyanthes trifoliata, and Lobelia dortmanna is also represented. Elisma
natans is described as acidophilous by some authors (Crapnam et al. 1952, MEER and
pE Wit 1955), but the species may occur in eutrophous water in Western Jutland
(Baacoe and RavN 1896, SamueLssoN 1934, Kore 1944). Hence, this community also
appears to be neutrophilous or perhaps somewhat acidophilous.
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Myriophyllum alterniflorum remained rare in subzone b, and the other plants re-
presented there (Isoétes echinospora, I. lacustris, Polamogeton natans, Sparganium
minimum, Nuphar luteum, Polygonum amphibium, Littorella uniflora, Elisma natans,
Lysimachia thyrsiflora, Menyanthes trifoliata and Caltha palustris) indicate that the
lake water probably was circum-neutral or slightly acid.

The communities of swamp plants from subzone ¢ and e appear to be somewhat
acidophilous. They consisted apparently mainly of Cyperaceae (Carex rostrata and
C. lasiocarpa), Sphagnum, Menyanthes trifoliata, Caltha palustris and Rubus chamae-
morus. Some of these species do not occur in pure raised bog communities to-day
(e. g. Carex rostrata, C. lasiocarpa, Caltha, Menyanthes), but, on the other hand, no
species characteristic of rich fen vegetation to-day are represented (cp. pu RieTz
1954, Ss6rs 1950, MALMER and SiORrs 1955).

The community of aquatic plants represented in subzone d was quite similar to the
one found in subzone b.

The community of aquatic plants found at Herning at the end of zone W 2 consisted
mainly of Myriophyllum alterniflorum, M. spicalum, Potamogeton, Ranunculus spp.,
Typha-Sparganium and Hippuris vulgaris. The frequencies for the pollen referred to
the Myriophyllum species, Hippuris and Ranunculus spp. decrease at the transition to
zone W 3, and the frequencies for Isoétes echinospora, 1. lacustris and Polygonum
amphibium increase. This succession suggests that the lake became acid. Other local
species represented in zone W 3 are Caltha palustris, Lysimachia thyrsiflora, Menyanthes
trifoliata, Lobelia dortmanna, Elisma natans and Callitriche sp. This flora is quite
similar to the one, which occurred at Brorup Hotel Bog.

It appears that the lakes became acid in zone W 3. As mentioned on p. 100 it is
indicated that the zone was characterized by consolidation of the soil and initial
formation of an acid humus layer. The vegetation from the lakes apparently also
reflects such a development.

ZoNE W 4
Sediments.

Deposits from the zone occur at Brorup Hotel Bog and Norbolling. The deposit at
Brorup is telmatic peat and forest peat, and it is not possible to distinguish pollen
produced locally from pollen derived from the general vegetation. The deposit is free
from contamination with rebedded pollen. At Norbelling the sediment is lacustrine
(dy), and the pollen composition gives a better picture of the general vegetation. A
slight amount of rebedded pollen may be present at the lowermost part of the zone
at this site (p. 75).

Temperature.

Trees and shrubs. The frequencies for Carpinus, Quercus, Fraxinus, Corylus and
Alnus increase slightly (see the pollen diagram from BP 2 at Brorup Hotel Bog, plate
VII and the curves on plate XV), but there is no reason to believe that these trees
occurred in the neighbourhood of the sites. However, it seems to be suggested that
they had immigrated to an area closer to the sites.

The upland forest apparently consisted mainly of Betula pubescens, Pinus (silvestris),
Picea abies and Larix. Picea omoricoides appeared later.
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The immigration of Picea abies and Pinus cannot have been due to increased summer
temperature. The climate of zone W 3 was also favourable for these trees (p. 98).

Picea omorica is restricted to a very small distribution area in Yugoslavia to-day.
The species occurs there at altitudes at 700-1500 m., most frequently together with
Fagus silvatica, Abies alba, Picea abies, Acer pseudoplatanus and Pinus nigra (FUKAREK
1951). As Picea omoricoides was widely distributed, the species presumably varied
considerably, and its requirements may have differed from those of the present rather
small populations of Picea omorica (WEBER 1898).

The pollen referred to Frangula alnus is rather common and it is suggested that the
summer temperature was rather high. Also Lonicera xylosteum (p. 96), Erica tetralix
and Myrica gale appear to be rather thermophilous to-day. Erica tetralix does not
usually extend beyond the July isotherm for 15°C in Scandinavia. In the most oceanic
part of Norway the species may occur above the coniferous forest limit, and in areas
with a July temperature down to 12°C (see FEGrr 1960). Myrica gale does not ascend
to the coniferous forest limit; it also reaches the 12°C isotherm for July in western-
most Norway.

The forest had probably become denser. The frequencies for Gramineae and Cypera-
ceae decrease, and a number of the light-demanding plants, which were rather common
in zone W 3, decrease in frequency, or disappear (e. g. Salix, Rumex acetosella (type),
Artemisia, Populus, Chenopodiaceae, Juniperus, see the curves on plate XV). The finds
of plants from open habitats are restricted mainly to the lowermost part of the zone,
later on only a few are represented (Plantago media, P. maritima, Jasione). Calluna
became increasingly common.

Shade tolerant herbs identified from pollen and spores are Filipendula cf.
ulmaria, Urtica dioica, Thelypteris dryopteris, Pleridium aquilinum, Linnaea borealis,
Symphytum and Mercurialis perennis. The four species mentioned first were apparently
rather common (see the curves on plate XV). Pleridium aquilium and Mercurialis
perennis are rather thermophilous to-day (p. 96). Symphytum is represented in Scan-
dinavia only by introduced species. S. officinale and S. tuberosum may be native in
Central Europe. They spread easily from culture, and the northern and western limits
of their spontaneous distribution areas cannot be determined. S. officinale is rather
southern in Scandinavia, but the species may ascend to the Picea zone in the Alps.

Local plants. Thermophilous species of local occurrence identified from pollen
grains are Typha lalifolia and Nuphar luteum.

It seems obvious that the summer temperature in zone W 4 was just as favourable
as that of subzone e in zone W 3. A rise of temperature in zone W 4 is not indicated.

The finds of Erica tetralix suggest that the winters were rather mild (see GRANLUND
1925, FEarr 1958). Such a conclusion may seem to be contradicted by the presence of
Picea abies, as this species does not thrive at high winter temperatures to-day. The
species grows well in Denmark at an average winter temperature for January at —1°C,
but at a higher winter temperature it is in danger of attacks from parasitic fungi
(especially Polyporus radiciperda, OpPERMANN 1922). Hence, Picea abies may still grow
well in a moderately oceanic climate (cp. HaGEm 1947).

Precipitation.

The presence of Picea abies in zone W 4 may indicate a rather humid climate, as
the species requires moisture and is susceptible to summer drought to-day (OPPER-
MANN 1922, RuBNER 1934). Also the finds of Erica lefralix and Myrica gale suggest
that the climate was rather humid (cp. Kotmeaiwen 1933, Facrr 1958, 1960).
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Soil.

The pollen diagram from Nerbelling indicates increasing abundance of the pollen
and spores referred to acidophilous species, especially Frangula alnus, Calluna vulgarts,
and Sphagnum. Spores of Pleridium aquilinum and Thelypteris dryopleris were also
rather frequent (cp. plate XV), and pollen grains and spores referred to the acido-
philous Empetrum nigrum, Erica letralix, Myrica gale, Linnaea borealis, Lycopodium
annotinum, L. clavalum and Melampyrum occur. It seems that an acid humus layer
became increasingly widespread, in continuation of the development initiated in
zone W 3.

Finds referred to neutro-basiphilous species are correspondingly rare (Lonicera
aylosteum, Mercurialis perennis, Sanguisorba officinalis, Plantago media). The pollen of
Filipendula cf. ulmaria and Urtica dioica, both of which are rather requiring, remained
quite common, however (see plate XV). Symphytum is of a similar type to-day. The
species mentioned on p. 102 occur in tall herb communities e. g. on consolidated river
alluvia to-day (Krika 1936, WENDELBERGER-ZELINKA 1952).

The absence of macrofossils of Picea omoricoides from the peat at Brorup Hotel Bog
suggests that the species may have occurred mainly on upland soils. Picea omorica
occurs mostly on limestone to-day, and the species is accompanied by a great number
of neutro-basiphilous species (Lonicera xylosteum is very common, i. a., see FUKAREK
1950). However, the floras recorded together with Picea omoricoides at Liineburg and
at Aue (p. 126) include acidophilous species.

The local succession at Brorup Hotel Bog was described on p. 60. The hydrosere
from a wet telmatic stage to a rather wet Frangula-Calluna-Sphagnum community,
and to a Picea forest stage with Pinus, Belula, Frangula, Calluna, Empelrum, and Rubus
chamaemorus suggests increased dryness and acidity.

The local aquatic community at Norbolling was apparently dominated by Isoétes
echinospora and I. lacustris. Other plants identified are Nuphar luteum, Polygonum
amphibium, Typha latifolia, Menyanthes lrifoliata and Drosera. It appears that the lake
was neutral or somewhat acid at that time. Finds referred to neutro-basiphilous species
(Myriophyllum alterniflorum, M. spicatum and M. verticillalum) are very rare. They
are restricted to the lowermost sample, and the pollen is presumably secondary (p. 75).

ZoNE W 5
Sediments.

Peat resembling raised bog peat formed at Brerup Hotel Bog, but the sediment at
Norbplling is lacustrine (dy), and the best picture of the general vegetation is obtained
from the pollen diagram at that site. The sequence from Brorup is the more complete
one, as the subzones a—c are represented. Only subzone a is represented at Norbolling.
The record is truncated upwards at both sites.

Temperature.

There are no definite indications of temperature changes at the transition to the zone.
The values for the pollen of Carpinus, Quercus, Ulmus, Fraxinus, Corylus and Alnus
decrease a little, and a slight temperature decrease may be suggested. The frequencies
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for these plants decrease to a minimum in subzone b, which may indicate a cooler
climate for a short interval.

The arboreal flora remained rather unchanged in subzone a. Pinus pollen dominates
and the values for Betula and Picea decrease somewhat. The forest was probably
rather dense, and plants such as Juniperus, Gramineae, Cyperaceae, Rumex acelosella
(type), Artemisia and Thelypleris dryopleris were apparently rare. Pollen and spores
of Frangula alnus, Calluna vulgaris, and Pleridium aquilinum were rather common,
(see especially the pollen diagram from Norbolling, and plate XV).

The values for Pinus are somewhat higher at Brorup (about 609%,) than at Norbelling
(40-509). It is suggested that some of the Pinus pollen from the peat deposit at Brorup
was produced by individuals, which grew on the bog itself.

The curves in the pollen diagram from Brerup change rather suddenly in subzone b
(minima for Pinus, Picea, Larix and Calluna, maxima for Befula (cf. pubescens, cp.
p. 38), Frangula, Juniperus, Salix, Gramineae, Cyperaceae, Rumex acetosella type).
These changes cannot have resulted from a decrease in temperature directly, as e. g.
Frangula is more southern than Pinus to-day (p. 95). It seems to be more likely that
the bog became too wet for local populations of Pinus silvestris and other local plants
for a short time, and that the overrepresentation of Pinus, Picea etc. in the pollen
spectra was reduced. The pollen spectra from subzone b probably offer a rather good
picture of the general vegetation which apparently consisted of Pinus-Betula forest
with some representation of Picea, shrubs (Frangula alnus, Calluna vulgaris, Juniperus
communis) and herbaceous plants (Gramineae, Cyperaceae, R. acetosa, Thelypleris
dryopteris, Filipendula cf. ulmaria, Urtica dioica, Pleridium aquilinum and Mercurialis
perennis). A few plants typical of open habitats were represented (Ephedra cf. strobilacea,
Rumex acelosella (type), Artemisia, Plantago marilima, P. media, Chenopodiaceae,
Thalictrum, Sanguisorba officinalis, Lotus).

It may be concluded that the climate was rather uniform in zone W 5. The summer
temperature was rather high, as indicated by the occurrence of thermophilous species
(Frangula alnus, Myrica gale (subzone a), Erica tetralix (subzone a), Pteridium aquilinum
(subzones a and c¢), Mercurialis perennis (subzone b)). The summer temperature
decreased probably slightly in subzone b.

The winter temperature also appears to have been similar to that of zone W 4.

Soil and Precipitation.

The pollen diagram from Norbelling indicates increasing frequency of pollen referred
to Frangula alnus, Calluna vulgaris and other plants, which are acidophilous to-day.
It is suggested that acid humus accumulated and acidophilous vegetation expanded.
The increase in the frequency of Pinus was probably also due to such a change. The
frequencies of Picea, Filipendula and Urtica dioica decrease somewhat, and finds
referred to neutro-basiphilous species are rare (e. g. Ephedra cf. strobilacea, Mercurialis
perennis, Sanguisorba officinalis, Plantago media). These features were presumably due
to increased soil leaching and development of an acid humus layer.

The local vegetation at Brorup Hotel Bog developed into a Calluna-Eriophorum
vaginatum-Sphagnum community. Rubus chamaemorus and rhizopods were common.
It seems that the bog had reached a stage which resembled a raised bog, and the centre
of the bog was apparently rather wet. The moss Drepanocladus exannulatus (Giimb.)
Warnst. probably belonged to such a community. The species is neutro-acidophilous
and may occur in Sphagnum bogs according to SORENSEN (1948). Pinus silvestris may
have grown in certain parts of the small bog. A few fully illuminated individuals might
have produced sufficient pollen to account for the overrepresentation of the species
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in the pollen analyses. The pollen of Picea and Frangula alnus becomes somewhat
rarer than in zone W 4. The bog had apparently become too poor for them. Pollen
referred to Arctostaphylos uva-ursi was found at the transition to the zone. It probably
indicates quite dry conditions at its very beginning. The pollen of the species is rare in
the upper part of the zone. The species did certainly not belong to the raised bog
vegetation.

It may be concluded that the development of bog vegetation at Brorup Hotel Bog
in zone W 5 was a part of a local succession, and that the peat became increasingly
poor and acid.

The re-immigration history of the forest trees in the zones W 3-W 5 is rather remark-
able. Belula pubescens and Populus tremula reacted quite readily to the temperature
rise, and these trees were common from the beginning of zone W 3. Larix immigrated
in a late part of zone W 3, and Pinus and Picea in zone W 4. It is suggested that the
summer temperature in zone W 3 was sufficiently high for these trees, and as the
Betula forests were quite open, compelition can hardly have delayed the immigration
of Pinus, Picea and Larix. The soil can hardly have been unfavourable in zone W 3
for the trees mentioned, especially not for Pinus and Larix, and it appears that Pinus,
Picea and Larix were absent rather because of incomplete immigration. These trees
were probably found at a considerable distance to the south during the cold zone
W 2, whilst Betula pubescens and Populus tremula survived nearer, or they migrated
faster.

It is also suggested that Alnus glutinosa and probably also Quercus robur, Tilia cordata,
Ulmus glabra and Corylus avellana might have found favourable conditions during the
zones W 3-W 5. Pollen of Quercus, Ulmus, Alnus and Corylus occurs, but there is
reason to believe that this pollen was due to long distance wind transport, and that the
plants themselves were absent from the area. These thermophilous trees and shrubs
survived probably zone W 2 at a considerable distance to the south, and they apparently
migrated quite slowly. Thermophilous lerrestrial herbs and aquatic plants already
occurred at an early part of zone W 3. The great migration speed of such plants is
known from parallel cases (see i. a. IVERSEN 1954, SRODON 1954, JESSEN, ANDERSEN
and FARRINGTON 1959).

A very similar case of delayed immigration of forest trees occurred in the Allerod
Interstadial. Forests of Befula pubescens (s. sitr.) prevailed in Denmark at that time
(IvErRSEN 1954). Pinus silvestris occurred in Holland and North Germany, but this
species was rare or absent from most of Denmark. According to IvErsen (L. ¢.) the
slow progress of the species was hardly due to the climate, and IvErseN’s results (1. ¢.)
suggest that more thermophilous trees and shrubs (Alnus, Corylus, Tilia cordata) also
were absent from North and Central Europe due to a slow immigration rather than to
the climate (cp. also FirBas 1949).

ZoNE W x

The upper limit of the peat from zone W 5 at Brorup Hotel Bog gives evidence of
erosion (¢p. p. 61), and an interval of unknown length elapsed before the sandy clay
layer (D) was deposited. However, thal inlerval was presumably not very long.

The probable composition of the vegetation at the time when layer D was deposited
is discussed on p. 61. The vegetation seems to have been unforested and the climate
must have been considerably colder than that of zone W 5. The common occurrence
of Filipendula and Littorella uniflora indicates that the climate was probably subarctic.

Juniperus, Salix and herbs seem to have been common, and several plants from
open habitats are represented (Ephedra cf. distachya, Rumex acelosella type, Artemisia,
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Plantago maritima, P. media. Thalictrum, Sanguisorba officinalis, Armeria maritima,
Campanula type). Several of these plants are basiphilous (Ephedra, Plantago media,
Sanguisorba).

The topmost deposits at Brorup Hotel Bog contain evidence of solifluction (cp.
p. 61). They were apparently formed in a cold period.

Tue FrLora LisT

Higher plants identified either from macrofossils, or pollen and spores from the
zones W 1-W 5 are listed in table 23. 194 taxa of various ranks are listed. 180 taxa
were identified to genus, species group or species, but 44 of these are represented only
by rebedded remains or pollen considered to be due to long distance transport by wind.
The corresponding figures for species identified with a reasonable certainty are 145
and 40. 56 of the species identifications rely mainly on macrofossils, mainly from the
investigation of J&M (1928). The dating of the remains within the pollen zones W 1-
W 5 was discussed in chapter IV. The macrofossils identified by J&M (1. ¢.) have
only been listed if they could be dated with some certainty.

The list of identifications has been compared with the list of remains of higher
plants from the Danish Late-Glacial published by Iversen (1954). It should be re-
membered that the chances for preservation and identification of the species vary
considerably, and the material is too heterogenous for comparison on an exact basis.
It may be seen from the list that 88 of the 136 genera, species groups or species considered
to be primary re-appear in the list of Late-Glacial finds. 4 plants not represented in
the list of Late-Glacial finds (Larix, Picea abies, P. omoricoides, Symphytum sp.) did not
reach Denmark after the Weichselian Glacial. 2 species (Lonicera xylosteun, Mercuri-
alis perennis) are rather southern to-day, and may not have found sufficiently high
temperatures during the Late-Glacial. 16 acidophilous species are missing from the
Late-Glacial list. This may be understood if it is considered that heath and bog vegeta-
tion occurred widely in the zones W 1 and W 4-5. As Iversen (L. ¢.) pointed out, the
boulder clays left from the last glaciation in Denmark were not subjected to severe
leaching during the Late-Glacial, and acid soils were of limited occurrence. Only 3
of the finds of neutro-basiphilous plants (Linum austriacum type, Teucrium montanum,
Trifolium alpestre) are absent from the Late-Glacial list, whilst the Late-Glacial flora
(see IVERSEN l. ¢.) contained a number of basiphilous species, which are not represented
in the present material with primary finds (i. a. Dryas oclopetala, Helianthemum num-
mulartum, Salix polaris, S. reliculata, Saxifraga aizoides, S. hirculus, S. oppositifolia,
Silene acaulis, and the aquatics Ceratophyllum demersum, Myriophyllum verticillatum,
Potamogeton filiformis). This suggests that the mineral soil produced by the solifluction
in zone W 2 may have been poorer in lime than the raw boulder clays from the Late-
Glacial. This is also suggested by the fact that Isoéles echinospora, I. lacustris and Myrio-
phyllum alterniflorum were rather common in the lakes from the zones W 1-3, and
only one basiphilous species (Myriophyllum spicatum) was represented. During the
Late-Glacial the Isoétes species and Myriophyllum alterniflorum did not occur, or they
were exceedingly rare in the lakes from the glaciated part of Denmark, due to com-
petition from more demanding and rapidly growing aquatic plants.

50 genera or species of heliophytes and plants from open habitats were identified in
the present material. 40 of these plants re-appear in the Late-Glacial list. This suggests
that the pioneer floras from the early and the late Weichselian Glacial were alike. Their
relationship to present-day vegetation types on unstable soils was pointed out by
IverseN (l. ¢.) and above (p. 92). Truly arctic-alpine species were rare, as in the
Late-Glacial.
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¥) According to JEsseEN and MiLTHERS (1928).
) ep: p- 22.



VI. CLIMATE AND CHRONOLOGY OF THE EARLY
WEICHSELIAN GLACIAL IN WESTERN JUTLAND

TERMINOLOGY

The geologic phenomena of the Pleistocene present a multitude of variations, and as
most of them may be compared with present-day parallels in a detailed manner, studies
of the Pleistocene lead almost inevitably to conclusions as to the palaeoenvironment,
especially as to the former climatic conditions. Palaeoclimatic conclusions do not
ordinarily form a basis for stratigraphic divisions (HEpBERG 1954). However, the
Pleistocene climatic changes were of a large amplitude, and the interpretations as to
climatic change are in many cases rather safe. The stratigraphic evidence, moraine
stages and till sequences, river terrace systems, loss profiles, cave deposits, beach
lines, invertebrate and vertebrate palaeontology, and vegetational history, present a
multitude of divisions of litho-stratigraphic or bio-stratigraphic nature, but very few
local sequences represent a complete development. Hence, the only hope for a common
chrono-stratigraphy relies on climatic change (cp. vAN DER VLERK 1959).

Palaeobolanical evidence may be useful for a distinction of Pleistocene stratigraphic
units. As discussed in chapter I, J&M and later Gams, WOLDSTEDT, VAN DER VLERK,
Frorscuitz, and other authors have pointed out, that the vegetational successions may
be important for a distinction of late Pleistocene interglacials. Features of the vegeta-
tional developments may also be useful for a delimitation of glacials and interglacials.
Thus glacials in Northern Europe may be characterized by occurrence of non-forest
vegetation in the peri-glacial area (SELLE 1953a, ZacwnN 1957a, 1960, ANDERSEN
1957), and interglacials by successions of temperate forest stages. Zagwun (1. ¢.) has
shown that similar principles may also be applied lo early Pleistocene stratigraphic
units. However, the stages of the vegetational history represent bio-stratigraphic units.
Their limits may not always coincide exactly in a wide area, and the dominant vege-
tation may not always express the climate exactly.

It may be preferred, accordingly, to delimit the time units of the Pleistocene by
climatic change (cp. WoLpsTeEpT 1953, 1954a and b, 1958, FrLint 1957, VAN DER
VLERK 1957, 1959, Gross 1958, ANDERSEN, DE VRIES and Zacwin 1960). The glacials
and the interglacials may be considered the main stages of the Pleistocene. The inter-
glacial stages contain characteristic long-time progressive vegetational successions. They
are delimited by relatively large climatic changes, and are separated by the glacial
stages.

Stadials and interstadials may be considered to be substages within the glacial
stages. The interstadial substages conslitute minor warm intervals within the glacial
stages (cp. J &M 1928, p. 376).

At present the following main stages have been recognized in Northern Europe
(ZagwuN 1957 a, 1960, vaN DER VLERK 1957, 1959, ZONNEVELD 1957),
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Weichselian Glacial
Eemian Interglacial
Saalian Glacial
Hoxnian Interglacial
Elsterian Glacial
Cromerian Interglacial
Menapian Glacial
Waalian Interglacial
Eburonian Glacial
Tiglian Interglacial
Pre-Tiglian Glacial

These stages may be distinguished lithologically or palaeontologically, and their
limits may be assumed to correspond roughly to major climatic changes.

The Weichselian Glacial may be considered to be the lapse of time which separated
the Eemian Interglacial from the Postglacial (cp. ANDERSEN, DE VRIES and ZAGWIIN
1960). The Late-Glacial is now usually included in that Glacial (vaAN pER VLERK and
Frorscutrz 1950, 1953, vaAN DER HammeEN 1952, SeELLe 1953a, WoLpsTEDT 1956,
Gross 1956, 1958), and the upper limit of the Weichselian Glacial is, accordingly, the
fini-glacial temperature rise in Scandinavia, which corresponded to the end of the
last major advance of the Scandinavian ice sheet. In the vegetational history of Northern
Europe that limit corresponded to the transition pollen zone III to IV in Scandinavia
and the Netherlands (DonNER 1951, IVERSEN 1953, van DER HammeN 1957), at which
point of time forest vegetation became dominant, and the long-time progressive succes-
sion of forest stages of the Poslglacial was initiated. However, the zone border may be
slightly younger than the main temperature rise (vAN DER HAMMEN 1951, IVERSEN 1954).
The radiocarbon age of the zone border is 10 300 years before present (IVERSEN 1953,
ANDERSON, LEvi and TaAuBer 1953, peE Vries, BARENDSEN and WATERBOLK 1958,
GopwiN and WiLrLis 1959).

Below, the lower limit of the Weichselian Glacial, and a subdivision of its early part
in Western Jutland will be discussed in more detail.

TEMPERATURE

A summary of the stages of the vegetational history and the climatic development
of the post-Eemian sequences mentioned in the present study is shown in table 24
(see also chapter V).

As mentioned on p. 80, it is desirable to know the temperatures of the whole year.
Winter temperatures could hardly be determined very well in the present cases.
However, as the climate of the intervals studied seems to have been generally rather
oceanic, it may be assumed that the length of the vegetative season varied with the
temperature for the warmest month. Whereas the trends of the changes in summer
temperature may be detected with a good degree of certainty, average temperatures
may only be inferred from the biological data with some doubt, although they are
suggested by various sources, and they should be considered to be interpretations
rather than facts (see also p. 80).

A major decrease in the summer temperature initiated in the late Eemian Interglacial.
It continued at the transition subzone W 2a-b, and a minimum was reached in sub-
zone W 2b. It appears that this entire development was gradual. It is not possible to
say exactly how low the summer temperature became, but there are reasons to believe
that the average July temperature was considerably lower than 10°C in subzone W 2b.
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Table 24. B = Brerup Hotel Bog. R = Rodebak I. H = Herning. N = Norbelling.
(Tabellen er gengivet paa dansk paa side 160).

Bio-stratigraphy

|

Local chronology

Soil July Local water
3 . = temp. level : Main
Zones ‘ Vegetation Substages stages
W x ‘ Belula pubescens? B. nana, ‘ Soil erosion 10-12° ‘ Rising water
’ Juniperus, herbs | level (B)
Hiatus
13-15° Low water level
8 N (B)
— Forests (?f Pinus, Picea, Betula pubesc- Adid T Ca. 13°? | Slightly higher
W5 | b | ens, Larix, Frangula. i o
. layer prevalent water level (B)
—| Calluna, Empetrum. ;
‘ 13-15° Low water
& | ‘ | level (B, N)
Forests of Betula pubescens, Picea, Larix,) Acid humus 13-15° Low water level |
Frangula. Pinus increasing layer increasing L (B)
l‘()r(}sts ?t Betula pubescens, P()[')LIIHS, Increasing devpl— ) ) Lisve Seatar 1@l |
e | Larix, Frangula. B. nana, Juniperus | opment of acid | 13-15 (B)
and herbs common. Calluna increasing | humus layer ‘
1 Tree vegetation more open Slight erosion Ca. 12° Rise of water \
E level (B)
Forests of Betula pubescens, Populus. Stabilization Low water level | Brorup
W 3 | ¢ | B. nana, Juniperus and herbs common | Humus forma- 13-15° B) Inter-
- . tloln , : ‘ stadial Weich-
b Tree vegetation more open Slight erosion Ca. 12° | Rise of water selian
o N level (B, H) Glacial
Forests of Betula pubescens, Populus. Stabilization Low water level
a | Belula nana and herbs common Humus Ca, 13° (B, H)
formation
| Betula nana and herbaceous vegetation | Stabilization In-
G prevalent. Betula pubescens and Populus | Raw soil. Initial | creasing.
present h.umus forma- | Ca. 12 Hiidh watber dowel
tion
d Bare solifluction areas widespread Slope wash and | <10°
W solifluction
2 Betula nana, Juniperus and herbaceous| Stabilization 10-12° Low water level | Rodebaek
¢ | vegetation prevalent Raw soil (R) Inter-
stadial
b Bare solifluction areas widespread Slope wash and | < 10°
solifluction )
o | Betula nana, Juniperus and herbaceous | Increasing 10-12° Higlrwater Jevel
vegetation prevalent soil erosion
Scattered individuals of Pinus, Picea, | Acid humus De-
W1 Betula pubescens. Heath with Juniperus, | layer and pod- | creasing. | Rising water
B. nana, Calluna, Empetrum. Herbs solization 10-12° level (B, R)
common prevalent
Forest dominated by Picea, Pinus, ‘ De- Low waler level Eemian
h Betula pubescens. Alnus rather common creasing | (B, R) Inter-
‘ glacial

Assuming a July temperature at above 18°C in the Eemian Interglacial (J&M 1928,
p. 336) the summer temperature decreased with at least 10°C in total.

The vegetation reflects a definite increase in the summer temperature in subzone
W 2c. The July temperature was probably about 10-12°C. Subzone W 2d reflects

8*
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another temperature minimum, which was just as low, or lower, than that of subzone
W 2b. After that minimum, the summer temperature increased again. It is not indicated
when exactly this development began, but the temperature rise was reflected by the
vegetation in subzone W 2e, and Befula forest prevailed in zone W 3. The summer
temperature probably increased by at least 6°C.

The summer temperature remained high during the zones W3, W4 and W 5.
The July average temperature was probably about 13-15°C or more. Minima in the
summer temperature are rellected by the development in the subzones W 3b and d.
In these subzones the summer temperature probably decreased by 2-3°C.

The record does not illustrate the further development in detail. A temperature
decrease later than zone W 5 is indicated by traces of erosion activity at Brerup Hotel
Bog, and the vegetation from zone W x reflects such a change too. The temperature
decrease was probably separated from the uppermost peat at Brorup by a short span
of time only. The solifluction deposit found at the top of the sequence at Brorup Hotel
Bog indicates that the temperature decrease was continued.

A temperature curve based on these data and on the radiocarbon dates mentioned
in chapter VIII is shown in fig. 12 (p. 133).

Huwmipity

The palaeobotanical material does not give much information about the precipitation
during the intervals studied. It is quite certain, that the precipitation was ample for
the development of forest vegetation in the warmer intervals, and that the changes in
the herb pollen frequencies were due to changes of the temperature alone. Snow cover
seems to have been abundant, and many hygrophilous plants were present. The soli-
fluction in zone W 2 indicates abundant moisture.

The heath vegetation found in zone W 1 was conditioned by a rather moist-oceanic
climate and by the existence of an acid humus layer. The heath disappeared in zone
W 2 because the humus layer was destroyed by solifluction (p. 91), and the ericaceous
heath shrubs also remained rare in zone W 3, presumably because an acid humus
layer had not had time to develop. Hence, the lack of Ericales in zone W 3 does not
indicate a dry climate. The frequencies of the Ericales increase in the zones W 4—
W 5, apparently due to progressive formation of an acid humus layer. It may thus be
seen that it cannot be assumed that large changes of precipitation and air humidity
took place.

Information about minor changes of air humidity may be obtained from the local
changes of water level (see the discussion in chapter II).

A reversement of the hydrosere to welter conditions indicates definitely that the
local water level rose. Such cases are listed below (B = Brorup Hotel Bog, R =
Rodebaek I, H = Herning, N = Norbgelling).

Dry — wet stage Corresponding change
in summer temperature
Zone h-W 2b: B, R.......... Decrease
~ W2ed: R..iovinwsnsss —
— W3a-b: B, H.......... -
~ W8cd: Busivorsssmsss —
- W5H-Wx:B............ —

A rise of water level may not always become reflected by the local vegetation, de-
pending on the immediate local stage. The list above shows, nevertheless, that each
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decrease in the summer temperature was accompanied by a rise in the water level at
least at one of the sites. Hence, it seems lo have been a very general rule that a decrease
in the summer temperature resulted in higher local water levels.

A lowering in the local water level may be more difficult to detect from changes in
the local vegetation, as its effect on the vegetation cannot always be distinguished from
the normal hydrosere, which led to stages of increased dryness. A lowering in the water
level may have accelerated this succession. Such changes are listed below.

Wet — dry stage Corresponding change
in summer temperature
Zone h: B, R (low water level) ....... High summer temperature

=  WRDb=65 R sus e v 5o v smse Increase

— W2eW3a: BLH............ -

~ W3D6E Buismsnmmrsomy s -

— Wad-e: Bi:ccisoinssmiimess -

- W4-W5hH: Noooiiiiiiinaans None

The list shows that most increases in the summer temperature corresponded to a
drier vegetational stage in at least one of the local basins. This can hardly have been
accidental, and it seems that increases in summer temperature usually resulted in
lower local water levels. Evidence of a drying out of the lake bottom was found at the
transition zone W 2-W 3, especially at Brorup Hotel Bog (p. 58).

It appears to have been a general rule that intervals with a high summer temperature
were reflected by low water levels in the lakes, and intervals with a low summer
temperature by high water levels. The lowest water level occurred in the Eemian
Interglacial, where the summer temperature was highest, and the highest water levels
corresponded to the subzones W 2b and d, which had the lowest summer temperatures
within the sequence studied. It is thus suggested that the changes of water level were
due to the changes in summer temperature, presumably because of its influence on
the evaporation.

As mentioned above, the air humidity was rather high during the warm intervals,
and the climate became accordingly very moist in the cold intervals, and especially
in the subzones W 2b and d. This assertion explains the strong erosion activity in these
cold intervals, and it corresponds well to the assumptions mentioned earlier, that snow
cover was excessive, the ground water level high, and that wet solifluction areas bare
of vegetation prevailed at those times (p. 92).

CHRONOLOGY. THE RODEBEK AND THE BRORUP INTERSTADIALS

From the above it appears that changes in the summer temperature were the most
significant climatic changes in the post-Eemian sequence in Western Jutland. These
changes may be useful for a delimitation of chrono-stratigraphic units.

Some of the temperature changes may have been rather sudden, but a difficulty
may exist, nevertheless, deciding which points of the falling or rising temperature
curve should be chosen for delimiting the time units. For that reason the chrono-
stratigraphic limits cannot be defined very sharply, in contrast to the bio-stratigraphic
limits (pollen zone limits), which may be defined for a certain area with a great clearness.

The post-Eemian climatic development described above and in table 24 contains
several temperature changes, which may be useful for chrono-stratigraphic limits
(see also fig. 12, p. 133).
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(1) the temperature decrease zone h—-W 2b.

(2) the temperature oscillation zone W 2b-c—d.

(3) the temperature increase zone W 2d-W 3a.

(4) the temperature oscillations zone W 3a-b-c—d-e.

(1) The temperature decrease zone h—W 2b interrupted the vegetational succession
of the Eemian Interglacial, and caused an expansion of non-forest vegetation. That
transition took place at some point of time during the temperature decrease. The
summer temperature decreased with at least 10°C in total (see above). In Western
Jutland the temperature decrease was accompanied by an initiation of periglacial
erosion (slope wash and solifluction). It seems that the erosion became prominent at
the transition zone W 1-W 2, and solifluction was intensive in subzone W 2b. It can
hardly be doubted that this major temperature decrease had great effects outside of
Denmark, not only on the vegetational successions, but on the history of glaciers, the
development of periglacial phenomena in a wide area, and changes in the ocean level.
It forms a convenient boundary between the Eemian Interglacial and the Weichselian
Glacial.

(2) The Rodebak Interstadial. The temperature oscillation zone W 2b-—c—d
was reflected clearly by the terrestrial vegetation and the vegetation of the lakes. The
summer temperature increased and decreased substantially, and the warm interval
may be considered to be an interstadial, in the local sequence the Rodebak Inter-
stadial, named after that site, at which the oscillation is represented by a gyttja layer
intercalated between predominantly mineral strata. The interstadial was followed by
the temperature minimum of subzone W 2d, during which periglacial erosion became
intensive again.

(3) The Brorup Interstadial. The temperature increase reflected in the zones
W 2d-W 3a constituted an important climatic change. The summer temperature in-
creased by at least 6-8°C, and it remained high during the zones W 3-W 5. The vegeta-
tion reacted rather slowly to this change. The first changes may be traced at the transi-
tion W 2d-e, and Befula forest developed at the transition W 2e-W 3a, but other
forest trees (Larix, Pinus silvestris, Picea abies and P. omoricoides) did not immigrate
till after a considerable interval, although the summer temperature was undoubtedly
favourable for them at an earlier point of time (p. 105). The temperate deciduous trees
did apparently not immigrate at all, and were represented only by pollen due to long
distance transport by wind.

The temperature increase during zone W 2d-W 3a must also have affected a wide
region. The trees mentioned had apparently only survived the preceding cold interval
far to the south. The climatic amelioration must have caused re-expansion of forest
vegetation, extensive recession of glaciers, and a rise in the ocean level.

The upper limit of the favourable interval is not represented in detail in the pollen
diagrams, but it seems clear that this warm interval terminated with another considerable
temperature decrease soon after the formation of the deposits from subzone W 5ec.
The entire warm interval may be considered to be a major interstadial within the
Weichselian Glacial, the Brorup Interstadial.

(4) The oscillations within zone W 3, finally, deserve altention. The minima of
summer temperature corresponded to the subzones W 3b and d of the vegetational
history. The summer temperature was lowered twice, and sufficiently to cause a
decrease in the vitality of Betula pubescens, but the frequencies for Filipendula cf.
ulmaria were affected only slightly (ep. p. 96). In the cold intervals that separated the
Bolling and the Allerod Interstadials, and the Allerod from the Posiglacial (the Lower
Dryas and Upper Dryas intervals respectively) Filipendula disappeared almost entirely
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in Denmark (cp. IvErseEx 1954). The temperature minima of the subzones W 3b
and d are, accordingly, not comparable to the Late-Glacial temperature minima. They
should be considered to be minor oscillations within the Brorup Interstadial.

It thus appears that the upper limit of the Eemian Interglacial and two early Weichse-
lian interstadials, the Rodebak Interstadial and the Brorup Interstadial, may be
recognized on the basis of the changes of summer temperature studied in the present
work.

The relationship of the chronologic divisions proposed here to the stages of the
vegelational history and the temperature oscillations is indicated in table 24 (p. 115).
This chronology has been compared with the chronology described by J&M (1928,
pp- 334-307) in table 25. Stage II of those authors, the stage with the “lower temperate
flora’ corresponds to the Eemian Interglacial (p. 9). All the younger stages mentioned
by J&M (1. c¢.) should be considered to belong to the Weichselian Glacial. The Rodebaek
Interstadial was not distinguished by J &M (L. ¢.). As discussed in detail in chapter IV,
Stage IV of J&M (1. c.), the stage with the “upper temperate flora” at Herning and
other sites, consists of re-deposited interglacial material with rebedded macrofossils
and pollen, and it corresponds to a cold interval. Stage V of J&M (1. c.), the stage with
the “upper subarctic flora”, corresponds to the Brorup Interstadial, which had a
rather warm climate.

Table 25.
(Tabellen er gengivet pa dansk pa side 162).

|

JESSEN and MILTHERS 1928 ‘ Present investigation
Last 1 Cold substage
Glaciation i
- \ - ;
V. Upper sub-arctic flora | Brorup Interstadial ?‘\1("?]]?91“‘“
IV. Upper temperate flora | Cold substage | anaeia
L. Sul o 1 | Rodebaek Interstadial
Last T Sub-gretie o Cold substage
Interglacial = :
) | II. Lower temperate flora Hemiin :
Interglacial
I. Lower sub-arctic and Saalian
arctic flora Glacial

No Weichselian ice advances can be correlated in a direct manner with the post-
Eemian sequence from Western Jutland described here. The Scandinavian ice sheet
extended almost to the site at Brorup Hotel Bog at the maximum of the Weichselian
glaciation, and it seems to be quite certain that the Brorup Interstadial preceeded
that substage.



VII. REMARKS ON THE VEGETATION OF NW EUROPE DURING
THE EARLY WEICHSELIAN GLACIAL, AND CORRELATION
OF EARLY WEICHSELIAN DEPOSITS IN THAT AREA

Post-Eemian sequences very similar to the ones from Western Jutland mentioned in
the present report were studied recently at Amersfoort in the Netherlands by Zacwun
and the preliminary results from the Netherlands and Denmark were compared by
ANDERSEN, DE VRIES and ZAGwiiN (1960). The profile at Amersfoort consists of clay
from the Eem marine transgression overlain by fresh-water gyttja and peat with inter-
calated sand layers. The sequences from the Netherlands and Denmark were correlated
due to analogous vegetational successions (ANDERSEN, DE VRIES and ZAGwwN, l. ¢.).
Their main features are summarized in table 26.

At present only the correlation of the main vegetational stages in table 26 is considered
to be rather certain. The differences in vegetation of the correlated stages may be due
to differences in geographic location and soil texture (cp. below).

Climatic curves for the two areas based on the botanical data were compared, and
the names Amersfoort Interstadial and Brorup Interstadial were suggested
for the two early Weichselian warm substages in a general chronology (ANDERSEN,
DE VRIES and ZAGwniN 1. c., cp. table 26). The climatic curves are shown in fig. 12,
p- 133. Radiocarbon dates are consistent with the correlations. They will be mentioned
in chapter VIII.

As stated above and on p. 118, it is believed that the disappearance of the forest and
the expansion of non-forest vegetation at the end of the Eemian Interglacial were
fairly synchronous in Northern Europe. An acidophilous heath stage similar to that
represented in Jutland in zone W 1 prevailed apparently in Northern Europe, presum-
ably due to soil leaching, which progressed during the Eenuan Interglacial (cp. p. 84).

During the coldest intervals in zone W 2 (subzones b and d) the vegetation in Den-
mark was poor and sparse with the influence of solifluction. In Scandinavia glacial
advances presumably took place. Solifluction prevailed presumably for some distance
south of Denmark. Thus most Eemian Interglacial sequences from Northern Germany
are covered by layers of predominantly mineral material (cp. i. a. J&M 1928). Vege-
tation poor in trees prevailed presumably in a wide area further to the south. A sub-
arctic parklike vegetation prevailed in the Netherlands (see table 26). The wider
occurrence of solifluction in Denmark may have been due to a somewhat lower summer
temperature and to a higher clay content in the soils.

During the Amersfoort (Rodebaek) Interstadial Denmark was not forested, and
similar conditions prevailed presumably in Scandinavia. Regions south of Denmark
carried presumably forests of a northern type with Pinus and Betula, as was the case
in the Netherlands.

In the Brorup Interstadial forests of Befula pubescens, Populus tremula, and later
Larix, Pinus silvestris, Picea abies and P. omoricoides prevailed in Denmark. Larix,
Pinus and the Picea species immigrated rather slowly. A thermophilous flora, especially
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Table 26.
(Tabellen er gengivet pa dansk pa side 105).

i Bio-stratigraphy
R — Chrono-stratigraphy
Denmark (ANDERSEN) ‘ The Netherlands (ZAGW1LIN)

Local Pollen — | Pollen | - W | Main
substages | zones Vegetation \ T l Vegetation Substages e
| ‘ | |
| W5 Forest of Pinus, Betula and ¢ | Pinus, Betula, Picea, Alnus
‘ Picea | forest
Brerup I W4 Forest of Betula, Pinus and | Picea, Pinus, Betula, Alnus Brorup
Inter- | Picea EW 1V ‘ forest | Inter-
stadial W3 Forest of Betula pubescens wi‘ . statisl
Open forest of Pinus and
| Betula nana, B. pubesc. I 2 ) f 3
| e | Betula, Picea increasing
L7 Populus, herbs |
d | Solifluction prevalent EW III Subarctic parklandscape V\'glch-
‘ with Betula and Pinus s&lla_nl
‘ | b | Pinus-Betula forest Amers- o
Bodebak o0 . B | Betula forest foort
Inter- | ¢ | Betula nana, Juniperus, herbs ! ' Int
stadial ‘ b | Open forest and parkland- Ters
l_ | scape, much Salix stadial
b | Solifluction prevalent EW I ‘ ‘
a | Betula nana, Juniperus, herbs | & Subarectic parklandscape with
Subarctic heath with ‘ ‘ heath. Pinus, Betula
[ Wi X ‘
scattered ftrees | |
| Temperate forest | Temperate forest Eemian
1 ‘ Inter-
glacial

of herbaceous terrestrial plants and water plants, indicates that the climate was warmer
than suggested by the presence of the trees mentioned, and it appears that the temperate
deciduous trees were absent mainly because they had not had time to immigrate. A
similar vegetation may have prevailed in Scandinavia. However, species of trees
(Picea?, Alnus?) may have immigrated to that area from the east. Regions to the south
of Denmark were presumably reached by Pinus and Picea at an earlier point of time
within the interstadial than in Jutland. Pinus, Picea and Alnus occurred in the Nether-
lands during most of the interstadial, and it seems that the Netherlands were more
accessible for a re-immigration of trees than Denmark. This was also the case in the
late Weichselian Allerod Interstadial with regard to Pinus (p. 105). The other temperate
deciduous trees and shrubs represented in the Brorup Interstadial in Jutland by wind
transported pollen (Carpinus, Quercus, Ulmus, Fraxinus, Corylus) occurred presumably
at some not exactly known distance to the south.

Picea omoricoides and Larix are not known from the Eemian Interglacial in Den-
mark, and these trees may characterize the Brorup Interstadial in a limited area.
However, the trees are known from Eemian or older deposits in Poland and Germany,
and cannot be considered to be “‘type’” species for the Brorup Interstadial in a wide area.

At Amersfoort the deposits from the Brorup Interstadial are overlain by deposits
from the middle and the late Weichselian Glacial (ZAGwN, in ANDERSEN, DE VRIES
and Zacwun 1960). According to ZagwuN (L. ¢.), a younger interstadial may be re-
presented at Breda in the Netherlands. An interstadial of a similar age is problaby
represented at Geesthacht, Northern Germany (mentioned in pe Vries 1958a). The
vegetations of these interstadials have not yet been described.
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During the period of maximum extent of the Scandinavian ice sheet in the Weichse-
lian Glacial, the glacier extended almost to the site at Brorup Hotel Bog (p. 47). Hence,
older Weichselian moraine stages were overrun, and presumably destroyed to a wide
extent, but interstadial deposits may have been preserved in the glaciated area, and may
offer a possibilily for a comparison and a correlalion with the early Weichselian inter-
stadials by their vegetational successions. Other post-Eemian sequences from the neigh-
bouring countries to the south may be compared and correlated with the general
sequence. The occurrence of such deposits will be discussed below (the figures in
brackets refer to the map fig. 11). Relevant radiocarbon dates will be mentioned in
chapter VIII.

DENMARK

From the part of Denmark, which was covered by ice during the Weichselian Glacial
only a few post-Eemian plant bearing deposits older than the maximum of the Weich-
selian glaciation are known.

Skeerumhede (6). The Skerumhede series from Northern Jutland is well known
(cp. especially A. JEssEN, MILTHERS, NorRDMAN, HARTZ and HESSELBOE 1910). 123 m.
of marine deposits were found below 57 m. of glacigenous layers. The fauna differs
from that of the marine Eemian deposits, and the age of the marine series is not known
with certainty. J &M (1928) correlated the Skaerumhede marine series with their ““Upper
Temperate Stage” from the sequence at Herning. WENNBERG (1949) referred the
boulder clay underlying the marine series to an early post-Eemian ice advance, and
referred the marine series to an interstadial. However, no definite proof of such a
suggestion exists (ep. WorpsTEpT 1958). The uppermost marine zone (Portlandia
arctica zone) contained a flora typical of forestless conditions (i. a. Belula nana, Dryas
octopelala, Salix herbacea, S. polaris), and the glacigenous deposits above it a similar
flora mixed with remains presumably derived from interglacial fresh-water deposits
(i. a. Brasenia schreberi, Ceratophyllum demersum, Nymphoides peltalum, Najas marina,
cp. A. JesseN et al. 1. ¢.). The plant remains suggest that the marine series is interglacial.

WENNBERG (l. ¢.) correlated the lowermost boulder clay from the Skarumhede
series with the C-moraine, which overlies Eemian marine deposits at Ristinge Klint
(cp. MapseN, Norpman and Hartz 1908), and he referred the “yellow sand”, which
overlies the C-moraine, to a post-Eemian interstadial. The plant remains found in the
sandy deposit mentioned (pollen of Pinus, seeds of Scirpus lacustris, cp. MADSEN et al.
1. ¢.) give no information as to a possibility for a correlation with the Brorup Interstadial.

SWEDEN

Several plant bearing deposits covered by till from the Weichselian Glacial are
known in Sweden. Their age is not known exactly. They have usually been considered
to be interglacial, but their vegetational sequences do not resemble the typical Eemian
Interglacial sequence (for radiocarbon dates, see chapter VII).

Oje, Kopparbergs Liin (7, G. Lunpquist 1955). Sandy clay found at a depth at 4-6 m.
contained i. a. a Picea log. Pinus pollen occurs with frequencies at 45-709,, Picea is
represented with 40-509%,, Alnus with 1-59,. In a sample from the deposit ERbTMAN
identified scatlered pollen of Quercus, Tilia, Corylus, Larix, Salix, Myrica and Calluna,
and spores of Lycopodium selago and Osmunda cf. claytoniana (see G. LunpQuist 1. ¢.).
If the Osmunda spores occur in a primary position, the deposit at Oje is unlikely to
belong to the Brorup Interstadial. As spores of a similar type occurred in the Eemian
Interglacial in Jutland (p. 21), the deposit may be of a similar age, and it is not any
longer necessary to assume that it was of a greater age (G. Lunpquist 1. ¢.).
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Fig. 11. Interglacial and interstadial sites mentioned in the text, chapters IV and VII.
O Eemian Interglacial deposit. ® Interstadial deposit found above an Eemian Interglacial
deposit. @ Interglacial or interstadial deposit. [ | | | | Limit of the Weichselian glaciation.
The deposit at Chelford, England (p. 128), is not indicated.
Lokaliteter med interglaciale og interstadiale lag omtalt i teksten, kapitel 1V og VII.
O aflejring fra Eem Interglacialtiden. ® interstadial aflejring beliggende over en aflejring
fra Eem Interglacialtiden. @ interglacial eller interstadial aflejring. | | | | grense for
Weichsel-nedisningen. Aflejringen fra Chelford, England (s. 128) er ikke vist.

Denmark: 10. Langsele. 19. Grube Marga.
1. Brorup Hotel Bog. 11. Boliden. 20. Aue.
2. Rodebak I. Germany: Poland:
3. Herning. 12. Loopstedt. 21. Horoszki.
4. Norbolling. 13. Harksheide. 22. Katy.

5. Solse. 14. Orel. 23. Sciejowice.
6. Skerumhede. 15. North Friesland. 24. Ziembowka.
Sweden: 16. Liineburg. Holland:

7. Oje. 17. Nedden Averbergen. 25. Amersfoort.
8. Bollnis. 18. Vechelde. 26. Hengelo.

9. Harno.
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Bollnds, Hilsingland (8). A drifted mud layer covered by 6 m. of glacigenous deposits
contained macrofossils identified with the following species of higher plants (HALDEN
1915):

Alnus glutinosa Lycopus europaeus
— incana Menyanthes trifoliata
Andromeda polifolia Najas marina
Betula “‘alba” Nymphaea alba
Calla palustris Picea abies
Carex pseudocyperus Potamogeton praelongus
—  riparia - pusillus
Ceratophyllum sp. Potentilla palustris
Empetrum nigrum Rubus idaeus
Frangula alnus Selaginella selaginoides
Iris pseudacorus Solanum dulcamara

A pollen diagram from the deposit was published by Sunpius and SANDEGREN (1948).
Betula pollen dominates, and pollen of Pinus and Picea is frequent. Pollen of Alnus cf.
glutinosa (det. G. ERpDTMAN) is present with frequencies at about 209, and that of
Corylus with 59,. It is unlikely that the deposit belonged to the Brerup Interstadial,
and it is presumably of Eemian Interglacial age.

Hiirno, Vistmanland (9). A gyttja deposit found under 2.5-5 m. of till was described
by MunTHE (1904). The deposit has not been re-investigated with pollen analysis. The
flora contained the following species of higher plants (MuNTHE 1. ¢.):

Betula nana Lycopodium clavatum
—  pubescens = selago
Botrychium lunaria Pinus silvestris
Isoétes echinospora Potamogeton filiformis
- lacustris Pteridium aquilinum
Lycopodium annolinum Selaginella selaginoides

The deposit is presumably interglacial or interstadial, but its age cannot be determined.
Langsele, Vistmanland (10, Sunpius and SANDEGREN L. ¢.). Clay mud was found at
22-24 m. beneath the surface. The following species of higher plants occurred:

Betula *‘alba” Myriophyllum verticillatum
—  nana Potentilla palustris
Caltha palustris Ranunculus repens
Carex caespilosa Rubus idaeus
Empetrum nigrum Rumex acetosella
Juniperus communis Selaginella selaginoides
Lycopodium annotinum Vaccinium uliginosum
- clavatum

Pollen of Betula and Pinus dominate the pollen spectra, and about 10%, of Alnus
and Picea pollen occurred. The deposit may belong to the Brorup Interstadial, but an
Eemian Interglacial age seems to be more likely. HEmoNEN (1957) found abundant
rebedded pollen in the tills covering the mud deposit.

Boliden, Visterbotten (11, J. Lunpguist 1955). The deposit, at 7 m. below the surface,
appears to be rather heterogenous. Remains of wood belonged to Alnus sp., Betula
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“alba”’, B. nana, Ledum palustre, Salix sp., Vaccinium uliginosum and V. myrtillus.
Belula pollen dominates the pollen analyses together with 6-339, Pinus and 1-39%,
Alnus pollen. A correlation with the Brorup Interstadial may be possible.

Other possibly interglacial or interstadial deposits were found near Frosjon (Ask-
LUND 1936), near Storsjon (THorsLunp 1939) and at Pilgrimstad (Kuvrring 1945), all
in Jimtland. Their floras of plant remains are rather poor and give no information
about their age. Remains of mammoth were found at Pilgrimstad (KvrrinG 1. ¢.), and
the deposit may be of early Weichselian age. At Luled in Northern Sweden a moss peat
layer was found under 7 m. of glacial deposits (Fromm 1958). Arctic or subarctic
conditions are suggested, and the peat may belong to an interglacial or a Weichselian
interstadial (FromwMm 1. c.).

GERMANY

Loopstedt, near Schleswig (12). A pollen diagram from the interglacial deposit at
Loopstedt was published by J&M (1928). It shows a sequence typical of the Eemian
Interglacial. KorumBEe (1955) described interstadial layers separated from the inter-
glacial layer by mineral deposits. The interstadial deposit consisted of thin peaty layers
in sand and silt, overlain by sand and boulder clay. The interstadial is thus older than
the maximum of the Weichselian glaciation, during which the moraine mentioned
formed (see Gripp 1940). The vegetational development was described by KoLumBE
(1. ¢.). It seems to be very similar to the Brorup Interstadial. A Befula stage corresponds
presumably to zone W 3a-b, a Betula-Pinus stage to zone W 3c—e, and a Pinus-Picea
stage to the zones W 4-5. Pinus immigrated apparently to the vicinity of the site some-
what earlier than to the neighbourhood of the bogs at Brorup. Pollen from thermo-
philous trees was represented with frequencies up to 59,. It was presumably due to
long distance transport by wind, just as at Brorup and Norboelling.

Harksheide, near Hamburg (13). Havrrik (1955) described an interstadial deposit
found above an Eemian Interglacial deposit, and separated from it by 0.6 m. of sand.
The interstadial layers consisted of 0.85 m. of peat and gyttja, and were covered by
1.75 m. of gravelly sand. The vegetational succession illustrated by the pollen diagram
published by HavLLik (L. ¢.) resembles that of the lower part of the Brorup Interstadial.
However, Pinus appeared earlier than Picea (in zone W 3c¢), just as it did at Loopstedt.
A small herb pollen maximum corresponds to a wet horizon (“‘nasse Lage’, HALLIK
1. ¢.), and it probably reflects the temperature decrease of subzone W 3d. Pollen from
the more thermophilous trees occurred sporadically. HarLrik (l. ¢.) assumed it to be
rebedded interglacial pollen. At the topmost part of the sequence that pollen may be
primary, due to long distance transport by wind (cp. above). Spores of Pteridium also
occurred al that level. Other identified pollen grains and spores worthy of note are
Bistorta, Myriophyllum alterniflorum, Nuphar, Drosera and Scheuchzeria. A similar, but
considerably shorter vegetational succession is represented in a post-Eemian inter-
stadial deposit at Kollau, located not far from the site at Harksheide (HaLrix 1. c.).

Orel, near Bremervorde (14). SELLE (1952) found three layers of peat and gyttja,
at 6-8 m., 10-12 m., and 13.5-15.5 m. below the surface, separated by sandy layers.
The lowermost peat and gyltja represent the Eemian Interglacial. Judging from SELLE’s
pollen diagram (l. c¢.), the middle peat layer may correspond to the Amersfoort Inter-
stadial or a part of the Brorup Interstadial (zone W 3 a—c, with Pinus dominant at the
top). The upper peal layer may also correspond to a part of the Brorup Interstadial
(Pinus dominant, Picea still rare).

North Friesland (15). DrrtvER (1954) mentioned a layer of Sphagnum peat covered
by 3.6 m. of melt-water sand, and 6.4 m. of Postglacial deposits. Eemian Interglacial
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deposits were found at 11.70 m. below the surface separated from the Sphagnum peat
by 1.3 m. of sand. Only a few pollen analyses were mentioned by Drrrmer (1. ¢., with
Betula, Pinus and a little Picea). The deposit may correlate with the Brerup Interstadial.

Liineburg (16). MULLER and WEBER (1904) mentioned a deposit of Sphagnum peat
and silt with mossy layers. The Sphagnum peat was underlain by gravelly sand, with
a podsol profile immediately under the peat, and it was covered by about 6 m. of
gravelly sand. Fireas and Fireas (1935) mention a pollen analysis from the deposil.
Harrx (1952) published a pollen diagram based on freshly collected material. Ac-
cording to the latter author, the sequence represents probably the end of the Eemian
Interglacial, and the beginning of the following glacial. However, judging from the
pollen diagram mentioned (with 80-909%, Pinus, 5-209, Betula, 0-10%, Picea pollen),
the deposit may represent a part of the Brorup Interstadial. The following species are
worthy of note, Picea omoricoides (MULLER and WEBER 1. ¢., FirBas and Firsas 1. ¢.),
Lariz (FirBas and Firsas 1. ¢.), and Frangula alnus (HALLIK 1. ¢.).

Nedden Averbergen, near Verden (17). SELLE (1952) mentions 2 peat layers found
at 1.50-2.23 m. below the surface, and above a deposit, which belongs to the Eemian
Interglacial. The pollen diagram (SELLE 1. ¢.) shows dominance of Befula and Pinus
pollen, and sporadic occurrence of Picea pollen. A correlation with one of the early
Weichselian interstadials is not unlikely.

Vechelde, near Braunschweig (18). According to SELLE (1954), a peat deposit oc-
curred at 9-10 m. below the surface. No Eemian Interglacial deposit was found. Pollen
of Pinus and Betula dominate the pollen spectra (Picea 0-59,). A correlation with the
Brorup Interstadial might be possible.

Grube Marga, near Senftenberg (19). Several peaty horizons were described by
FirBas and Granmann (1928). GrauMmanN considered the organic horizons to be
younger than the Warthe stadial (Saalian Glacial), and to predate the maximum of the
Weichselian glaciation, and he referred the deposits to an early part of an interglacial
following the Warthe stadial. However, the pollen diagrams (Pinus and Betula do-
minant, Picea 0-139,, Ericales increasing to high values in the upper layers, Alnus
up to 79, Carpinus, Quercus, Ulmus, and Corylus sporadic) do not suggest an early
Eemian age. FirBas distinguished 3 stages with dominance of Pinus pollen, which
correspond to peaty horizons, and intermediate stages with dominance of Betula
pollen. As FF1rBAs pointed out, the middle peat layer contains remains of a number of
thermophilous plants (Alisma plantago-aquatica, Carex pseudocyperus, Elisma natans,
Glyceria fluilans, Lycopus europaeus, Oenanthe aqualica, Ranunculus lingua, Rhyncho-
spora alba, Rumex maritimus, Sagillaria sagittifolia, Sium lalifolia, Solanum dulcamara,
Sparganium erectum) indicating “‘dass die Temperaturverhéltnisse etwa jenen um den
60. und 61. Breitengrad im heutigen Fennoskandien entsprachen”. The July temperature
of the area mentioned is about 16°C. The presence of such a thermophilous flora of
aquatic and swamp plants contrasts with the poorness of the woody flora, and it is
suggested, that the temperate woody species had not had sufficient time to immigrate
to the area, just as it was the case in Jutland in the Brorup Interstadial. The rich flora
from Grube Marga is very similar to the one known from the Brorup Interstadial in
Jutland. The following 28 species of the 62 species of higher plants identified from
macrofossils by Firas occurred in Jutland:

Arctostaphylos uva-ursi Carex rostrata
Betula pubescens Elisma natans

—  nana Empetrum nigrum
Caltha palustris Filipendula ulmaria
Calluna vulgarts Fragaria vesca

Carex lasiocarpa Lysimachia thyrsiflora
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Menyanthes trifoliata Potentilla palustris
Myviophyllum alterniflorum Rubus fruticosus
Myrica gale Rumex acelosella
Nuphar luleum Solanum dulcamara
Picea abies Sparganium minimum
Pinus silvestris Urlica dioica
Potamogeton natans Vaccinium oxycoccus
- pusillus Viola palustris

The occurrence of Elisma nalans is particularly interesling, as the finds at Grube
Marga are the only other late Pleistocene record for the species, besides the finds from
Brorup, Herning and Norbolling in Jutland.

It appears probable that the deposits belong to the Brorup Interstadial.

Aue, Erzgebirge (20). WEBER (1898) identified from a peat deposit remains of Picea
omoricoides, P. abies, Pinus silvestris, Betula pubescens, Menyanthes trifoliata and
Potenlilla palustris. The peat deposit found under 8 m. of 16ss and silts is usually referred
to the Eemian Interglacial (WorpsTEDT 1950). It may, however, belong to a Weich-
selian interstadial, a suggestion, which appears to be quite likely judging from the
plant remains just mentioned.

Bavarian Alps. Reicn (1953) described Eemian Interglacial deposits, above which
interstadial layers occur (especially at the sites Grossweil and Ohlstadt). Pollen of
Picea omoricoides was found in the post-Eemian layers (p. 33). Other interstadial
peal deposits of probable post-Eemian age occur in the Alps (ep. Liipr 1953, FirBas
1958). Detailed correlations with the NW European interstadials are not possible at
the present.

PoranDp

Horoszki, near Mielnik on the river Bug (21). At this site Brrner (1954) found an
Eemian Interglacial deposit covered by 6 m. of bituminous shales and 10 m. of fluvio-
glacial deposits. In the post-Eemian sequence 2 maxima of herb pollen occur. An
intermediate stage with high frequencies for Betula and Pinus pollen reflects presumably
an early Weichselian interstadial. Above the second herb pollen maximum another
Pinus stage occurs. Pollen of Picea and temperate deciduous trees and shrubs is very
rare in the entire post-Eemian sequence. The two interstadials may be correlated
with the Amersfoort Interstadial and a part of the Brorup Interstadial.

Lower Carpathians. Presumed carly Weichselian interstadials occur at Sciejowice
(23), Kaly (22) and Ziembéwka (24, Dyakowska 1939, 1947, $roboN 1952). The
deposits at Katy and Sciejowice contained pollen of Pinus and Picea (dominant). Alnus
pollen occurred with frequencies up to 309%, and pollen of Quercus, Carpinus and
Corylus was very rare (Dyakowska L. ¢.). The flora of macroscopic remains of higher
plants at Sciejowice was rather rich in thermophilous herbaceous plants. The following
species were identified:

Belula nana Menyanthes trifoliata
Carex rostrata Myriophyllum alterniflorum
Cicula virosa Phragmites communis
Cladium mariscus Potamogelon aculifolius
Hippuris vulgaris = alpinus
Hypericum hirsutum - coloratus

Larix sp. - densus
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Potamogeton filiformis Potentilla palustris
- praelongus Ranunculus flammula
- pusillus

At Katy macroscopic remains of Abies, Picea, Juniperus, Carex rostrata, Rubus
idaeus, Salvia sp. and Ranunculus aquatilis occurred (Dyakowska 1. ¢.).

Forests of Picea, Pinus, Larix and Betula characterized the vegetation at Ziembowka,
according to pollen analysis (SRopoN 1. ¢.). Pollen of Quercus, Ulmus, Alnus etc. occurred
very rarely. Macroscopic remains of the following species of higher plants occurred:

Ajuga reptans Picea abies
Betula “alba’ Pinus cembra

—  humilis Sambucus racemosa
Euphorbia amygdaloides Thestum alpinum

Frangula alnus

Dyaxkowska (1. ¢.) and $rooon (1. ¢.) referred the deposits mentioned to a Weich-
selian (Baltic Glacial) interstadial. A correlation with the Brorup Interstadial seems
likely').

THE NETHERLANDS

The section from Amersfoort mentioned on p. 120 represents the most detailed
post-Eemian sequence from the Netherlands.

Hengelo (26). vaN pER VLERK and Frorscuirz (1953) referred two maxima for
tree pollen found above Eemian Interglacial deposits in the ““Oilharbour” section to
interstadials. The interstadials may resemble the Amersfoort and the Brorup Inter-
stadials. New pollen-analytical data are being collected by ZAGwuIN.

In the post-Eemian sequence at Zwartewater near Zwolle (vAN DER VLERK and
FrorscutTz 1953), pollen of Alnus (609,), Corylus (20%), and Quercetum mixtum
(109) occurred in a sand layer found between peat layers, where pollen of Pinus
dominated and the pollen of the other genera mentioned was rare or absent. It appears,
accordingly, that the pollen in the sand layer is rebedded.

ENGLAND

Chelford, near Manchester. Stmpson and WEsT (1958) mention interstadial peat and
mud layers embedded in the ““Middle Sands’, which in turn are intercalated between
two tills, the “Upper Boulder Clay’” and the ‘“‘Lower Boulder Clay” of the Manchester
area. The pollen spectra from the peat and mud beds are according to Simpson and
WEsT (I. c.) dominated by Pinus and Befula pollen. The pollen diagram suggests a
zone with very little or no Picea followed by a zone with Picea frequencies up to 109,.
A few scattered pollen grains of Ulmus, Carpinus, Alnus and Corylus occur. SIMPSON
and West (l. ¢.) also recorded pollen of i. a. Hedera, Lonicera xylosteum, Calluna,
Empetrum nigrum, Armeria, Filipendula cf. ulmaria, Polemonium, Valeriana dioica,
V. officinalis, Helianthemum, Scleranthus perennis, Caltha and Myriophyllum alterni-
florum, and spores of Bolrychium, Lycopodium annotinum, Selaginella and Sphagnum.

1) In a recent survey of the ‘“‘Aurignacian” Interstadial in Poland BIRKENMAJER and
SropoN (1960) also refer some other deposits from Poland to an interstadial presumed to
be contemporaneous with the Brorup Interstadial. At the site Konopki Le$ne rebedded
interglacial pollen seems to occur.
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Pinus silvestris, Picea abies, Betula cf. pubescens, B. cf. verrucosa, Rubus frulicosus and
a few other species were recorded from macrofossils. The authors mentioned conclude
that the mean July temperature probably was about 12-16°C, and that the climate was
rather continental, due to the presence of Picea abies. However, Picea abies may grow
in a moderately oceanic climate to-day (see p. 102). The f{ind of Hedera pollen, if
reliable, suggests that the climate was oceanic indeed, and that the July temperature
was rather high (15-16°C or more, c¢p. IVERSEN 1944). The finds of Lonicera xylosteum,
Valeriana diotca and Rubus fruticosus also suggest a rather high summer temperature
(cp. p- 98). StmpsoN and West (I. ¢.) present reasons for believing that the peat
deposit at Chelford belengs to the Brorup Interstadial. The detailed data from this
Interstadial in Jutland show that the vegetation recorded at Chelford was very similar
to the vegetation found in Jutland in the pollen zones W 4-W 5, and the absence from
Chelford of certain plants recorded at Brorup, e.g. Picea omoricoides, Larix and
Frangula alnus, may be accidental. The suggestions as to the climate at that time are
also consistent (cp. p. 116 and above), and the correlation mentioned seems highly
probable indeed. The vegetation known from the Netherlands was similar, but Alnus
occurred there (p. 121). Pinus silvestris apparently immigrated to England already at
the beginning of the inlerstadial, as it also did in the Netherlands (p. 121), and a
Betula zone is absent. A radiocarbon date from Chelford will be mentioned in chapter
VIII.

It may appear from the survey above, that certainly early post-Eemian interstadial
deposits occur outside of Denmark and the Netherlands at Loopstedt, Harksheide,
Orel, North Friesland and Nedden Averbergen in Germany, and al Horoszki in Poland
(see also fig. 11). The correlation of the interstadial deposits at Loopstedt and Hark-
sheide with the Brorup Interstadial can be considered to be reasonably certain. At
Orel, Nedden Averbergen and Horoszki two interstadials seem to be represented, and
they may correspond to the Amersfoort Interstadial and a part of the Brorup Inter-
stadial.

The other deposits mentioned above are not related to a deposit with an Eemian
Interglacial succession and cannot be dated exactly by their vegetational developments.
The deposits at Liineburg, Grube Marga and Aue in Germany, at Sciejowice, Katy and
Ziemboéwka in Poland, and at Chelford in England may be referred to the Brorup
Interstadial, due to their vegelational condilions, bul this assertion cannot be considered
to have been proved.



VIII. RADIOCARBON DATES

Palaeobotanical investigations of post-Eemian sequences from Northern Europe have
been mentioned in the preceding chapter. The most complele vegetational successions
are the ones from Denmark described in the present work, and the sequence from the
Netherlands studied by ZacwwN (see chapter VII). From these results it appears that
the Eemian Interglacial in Denmark and the Netherlands terminated with a sub-
stantial temperature decrease. The entire interval which separated the Eemian Inter-
glacial from the Postglacial may be considered as the Weichselian Glacial (see p. 114).
The Weichselian Glacial began with two cold intervals with arctic or sub-arctic con-
ditions, separated by a rather short interval with a somewhat warmer climate, the
Amersfoort (Rodebak) Interstadial. After the second cold interval followed a rather
long, warm interval with a temperate climate, the Brorup Interstadial. The Amersfoort
(Rodebak) Interstadial and the Brorup Interstadial may also be recognized in other
plant-bearing deposits in Northern Germany, Poland and England (see chapter VII).

In Denmark the record was interrupted near the end of the Brorup Interstadial, and
it is only known that this interstadial was followed by the maximum of the Weichselian
glaciation. In the Netherlands, the record shows that the Brorup Interstadial was
followed by a cold interval.

No moraine stages from Northern Europe may be referred to the cold intervals,
which preceded the Brorup Interstadial. The Weichselian moraine stages known from
Denmark, Northern Germany and Poland are of a later date, and the classic Weichse-
lian glaciation, and its correlatives in Central Europe, the Wiirm moraines, are younger
than the Brorup Interstadial.

Attempts to date samples in the age range above 30-40 000 years ago by the radio-
carbon method were carried out especially by pe Vries in the years up to 1959. The
original activity of such samples is small, and the results are, accordingly, easily
affected by contaminations of various kinds. Thus pe Vries (1959) stated that 1 per
cent only of recent carbon added to a 37 000 years old sample will make the sample
5000 years younger. The difficulties arising from contaminations of this kind will
appear clearly from the works of pE Vries (1958, 1959). In addition to trivial contami-
nants such as modern rootlets and young material admixed in other ways, infiltrated
substances, especially humus, have proved to affect the results seriously (pE Vries 1. c.,
TauBer and pe Vries 1958). For such reasons radiocarbon dates in the age range
above 30 000-40 000 years may be considered rather to be minimum dates (see TAUBER
and pE VRIES 1. ¢., DE VRIES L. ¢.). A contamination with older material, on the other
hand, is not as serious. pE VRIEs (1959) states that 100 per cent of old inactive carbon
arc needed to make a sampl> of 37 000 years’ age 5 000 years older.

Considering the facts mentioned above, it follows that radiocarbon dates in the said
age range should be considered cautiously, and they should not be used for too far-
fetched correlations. However, if corroborated by other geologic evidence, absolute
ages become of interest for an estimate of the length of the time intervals concerned.

In the present material samples from Herning, Rodebek I and Brerup Hotel Bog
have been submitted for radiocarbon assay. All the material was sampled in a manner,
which excludes an admixture of younger material (p. 12). Modern roots have not been



131

observed at any time, and are unlikely to have occurred, as all of the deposits in question
have been covered by a layer of stagnant ground water collected in the shallow bowl
formed by the peat and gyttja deposils (see e. g. the sections in J&M 1928, plates VIII,
XIII, and XIV, and the present work, plate VIII). However, the deposils are situated
so close to the surface, that infiltration of humus during the Poslglacial cannot be
excluded. At the time of deposition, the lakes contained no carbonates, and no old
carbon derived from such a source can occur. Rebedded material is insignificant or
absent in the samples dated.

The dates obtained at Herning (Y-257 and Y-258-3, see below) are so inconsistent,
that it must be assumed that some kind of false aclivity was measured in Y-257 (c¢p.
BarenDsEN et al. L. c., the sample was not pre-treated for removal of humus).

Non-pretreated samples from BP 1 at Brorup Hotel Bog contained a slight activity.
This activity may have been due to infiltrated young humus (TAUBER and DE VRIES
1. ¢.). The dates from BP 1 mentioned here were measured after a pre-treatment of the
samples with acid and alcali for removal of soluble components. As the samples from
BP 1 were too small for further investigations, new material was collected with a larger
sampler (BP 1a and BP 2, see also p. 12), and made available to pe Vries. Un-
fortunately, pE VRriEs did not communicate details about his investigation of the samples,
but it must be assumed that they were subjected to a thorough pre-treatment before
the dating. The aclivity of the samples was enriched according to the method developed
by Haring, pE Vries and peE Vries (1958). According to this method the original
activity of the samples is enriched by passage through long diffusion columns. The
degree of isotopic enrichment may be measured, and in this manner the original
activity of samples otherwise too old for radiocarbon assay may be measured. The
method is elaborate, bul it makes it possible to obtain finite dates for samples in the
age range up to 70 000 years ago. The dates GRO-1729 and GRO-1470 below were
measured on enriched samples. These dates are considered rather reliable,

The following radiocarbon dates were obtained (indicated in years before present),

Herning:
BPb Pollen zone W 3a (4.62-4.73 m.) Y-257 19 580 +730
Pollen zone W 2e (5.05-5.12 m.) Y-258-3 =30 000

Rodebak I:
BP 57 m. Pollen zone W 2¢ (2.99-3.10 m.) Y-259-1 >30 000

See BARENDSEN, DEEVEY and GRALENSKY (1957).

Brorup Hotel Bog:
BP 1 Pollen zone W 3d-e (2.85-2.90 m.) GRO-1264 >50 000
Pollen zone W 3e-d (3.37-3.48 m.) GRO-1263 =50 000
Pollen zone W 3b  (3.96-4.08 m.) K-526 >40 000
Pollen zone W 2a (6.81-6.91 m.) GRO-1256 =50 000
See TAUBER and pDE VRIES (1958).
BP1a Pollen zone W 3¢ GRO-1729 58 740 -1000
BP 2 Pollen zone W 5b—¢ (2.64-2.70 m.) GRO-1466 =50 000
Pollen zone W 4 (3.22-3.30 m.) GRO-1470 59 430 +1000

See ANDERSEN, DE VRIES and Zagwnn (1960).

Disregarding the date Y-257 (see above), it may be concluded that all of the samples
dated pre-date 30-40 000 years ago. The two finite dates obtained from the enriched

9%
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samples (zone W 3¢, 58 740 1000, and zone W 4, 59 430 +1000) do not differ,
considering the statistical error, to which must be added error induced by the enrich-
ment and measurement of the enrichment, amounting to about 800 years (HariNG et al.
1. ¢.). The sample from zone W 3¢ is actually the older one, but the time difference of
the two samples may have been rather short only.

The pollen zones W 3¢ and W 4 belong to a medium part of the Brorup Interstadial.
It appears, accordingly, that this Interstadial occurred at about 59 000 years ago. The
length of the whole time interval represented by the interstadial is unknown, but it can
hardly have been less than a few thousand years. The next finite radiocarbon date
known from Denmark derives from a lower part of the late Weichselian Allerod Inter-
stadial, the age of which is 11 880 340 years (K-106, ANDERsON, LEvi and TAUBER
1953, IvErseN 1953, Krog 1954). The Allerod Interstadial was preceded by the Bolling
Interstadial, the age of which in the Netherlands is about 12 300 years (pE VRIES,
BArenDSEN and WATERBOLK 1958). Hence, an interval of nearly 50 000 years intervened
between the Brorup Interstadial and the late Weichselian interstadials. About this
interval, in Denmark, we only know that it contained the maximum of the Weichselian
glaciation.

Palaeotemperature curves for the Weichselian Glacial in Denmark and the Nether-
lands based on palaeobotanical data and on radiocarbon dates were presented in
ANDERSEN, DE VRIES and ZaGwnN (1960). The curves are reproduced in fig. 12 (with
a few corrections). In the Netherlands, the Amersfoort (Rodebzek) Interstadial was
dated at 64 0001100 years ago (GRO-1397, enriched sample). It is thus suggested
that the cold subslage, which separated the Amersfoort Interstadial from the Brorup
Interstadial lasted for about 3000 years. The length of the cold substage, which separated
the Amersfoort Interstadial from the Eemian Interglacial is unknown, but by extra-
polation it may be estimated that the Eemian Interglacial ended at nearly 70 000 years
ago. The length of the entire Weichselian Glacial was thus probably about 60 000 years.

In the Netherlands, Pleni-Glacial samples recording an arctic climate (ZAGwLIN, in
ANDERSEN et al. 1960) were dated at 32 000-46 500 years before present (DE VRIES
1958, e VRriEs, BARENDSEN and WATERBOLK 1958, ANDERSEN et al. 1960, see fig. 12).

In Sweden radiocarbon dates at >24 000—>40 000 years before present were ob-
tained for samples from Oje, Bollniis, Boliden, Pilgrimstad, Vilbacken near Storsjon,
and Luled (see especially Lunpquist 1957, OstLunp 1959). The dates indicate that
the deposits in question (¢p. pp. 122-125) antedate the maximum of the Weichselian
glaciation.

Several radiocarbon dates from the interstadial deposit at Loopstedt, North Germany
(see p. 125), proved later on to be too young due to contamination with recent rootlets
(pE Vries 1958). One date, at 50 000 2000 years ago (GRO-1365), was assumed to
be more reliable by pE Vries (L. ¢.). The sample corresponds presumably to the
pollen zones W 4 or W 5 at Brorup (p. 125). The date appears to be too young, and it
should probably be considered a minimum date, rather.

From the famous Mousterian site at Lebenstedt in Northern Germany a gyttja and
humus sample was dated at 48 300 +2000 years ago (GRO-1219, pe Vries 1958).
According to PreuL (1953) and Ricuter (1953) the find horizon, which contained the
gyttja and peat layers, is included in a series deposited under cold conditions, and
solifluction phenomena occur below and above the horizon, but the sequence cannot
be referred to any definite substage of the Weichselian Glacial. The pollen analysis by
SELLE (1953b) is preliminary only. These data and the macroscopic plant remains
(PrFAFFENBERG 1953) suggest that the vegetation of the area was arctic or subarctic.
Hence, the radiocarbon date derives from a cold interval, or from an interval with a
very slight temperature rise. If the date is correct, the cold intervals postdate the Brorup
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Fig. 12. Climatic curves and radiocarbon dates for the Weichselian Glacial in Denmark
and the Netherlands (from ANDERSEN, DE VRIES and ZAGwiiN, 1960, with a few corrections).
Klimakurver og C-14 dateringer for Weichsel Istiden i Danmark og Holland
(fra ANDERSEN, DE VRIES 0g ZAGWIIN, 1960, med enkelte rettelser).

Interstadial, and it is suggested that the Brorup Interstadial ended before about 48 000
years ago. The date is slightly older than the Pleni-Glacial samples from the Nether-
lands just mentioned.

A wood sample from the main mud bed of the interstadial deposit at Chelford,
England (p. 128), was dated at 57 000 years ago by pE Vries (enriched sample, see
SmvpsoN and WestT 1958). This date is consistent with the correlation of the deposit
with the Brorup Interstadial mentioned on p. 129.

An interesting “‘old” radiocarbon date, at 65 000 years ago (enriched sample), was
obtained for a log of Abies alba from the Agro Pontino near Rome (Branc 1958). In
the profile from the Agro Pontino (see Branc 1938, Tonciorar 1936, BLANC, SEGRE and
Tonaiorar 1953) a beach deposit from the Tyrrhenian IT transgression (with shells of
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Strombus bubonius) is found at 5 m. above the present sea level. Above the beach deposit
fresh-water peats occur, which contain a warm-temperate forest flora (Carpinus betulus,
Quercus, Taxus baccata, Fagus silvatica, Vitis vinifera i. a.), and, at a higher level,
remains from an Abies forest vegelation. Abies alba occurs to-day in Italy above altitudes
of 800-900 m., and the profile reflects a climatic deterioration following upon the
Tyrrhenian transgression. The radiocarbon date is older than the dates from the Brorup
Interstadial and is about the same as the one obtained for the Amersfoort Interstadial.
The profile from the Agro Pontino does not reflect the minor climatic oscillations, and
it may be assumed that the Abies trunk derives rather from one of the early Weichselian
cold intervals, which preceded the Brorup Interstadial in the Netherlands and in
Denmark. At Agro Pontino a still colder interval is recorded above the Abies forest
horizon. It is presumably contemporary with the maximum of the Weichselian glacia-
tion in Northern Europe (cp. Branc L. c.).

EMiLiant (1958, and earlier) constructed a curve for Pleistocene surface temperature
variations in the middle North Atlantic Ocean based on several deep-sea bottom cores
distributed in that area. Various difficulties in the interpretation of the data were dis-
cussed by EmirLiant (1. ¢.). The topmost part of the temperature curve (back to about
20 000 years before present) was dated with radiocarbon measurements, but the older
absolute dates indicated on the curve by Emiuiant (I. c.) were extrapolated assuming
a constant rate of sedimentation. The temperature minima correlated with the last
glacial stage by Emiuiant (l. ¢.) occur between —10 000 and —70 000 years. If that
correlation is correct, the temperature minimum between —60 000 and —70 000 years
(EmiLiaNI L. c., stage 4) corresponds probably to the cold interval, that separated the
Eemian Interglacial from the Brorup Interstadial. The temperature decrease from the
assumed Eemian Interglacial to this temperature minimum amounts to 6-7°C. The
Brorup Interstadial is probably recorded in the temperature maximum found in
EMILIANT'S curve between 50 000-60 000 years ago. Here the temperature increase is
5-6°C. A possible equivalent of the Amersfoort (Rodebak) Interstadial is not apparent
in EmiLiant’s curve. Such a rather short oscillation may have become smoothed out
due to mixing of the bottom sediments at the time of deposition.
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Table 27. Photo-micrographs.
Mikrofotografier.

Photo-micrographs of pollen and spore finds from the zones W 1-W 5 are on file at the
Geological Survey of Denmark. 6-8 optical sections of each pollen grain or spore were
photographed (LEerrz apochromatic objective, n.a. 1.32), and enlarged 1000 x. Phase
contrast equipment (Lerrz achromatic objective, n.a. 1.25) has been used in addition, where
useful. Only a few of the photo-micrographs can be reproduced here (see the plates I-1V),
and in most cases several photo-micrographs of each find will be necessary for showing the
features necessary for an identification. All the finds photographed are listed below, with
their DGU file numbers.
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Table 28. Brorup Hotel
The figures indicate numbers of pollen
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Table 28 (continued)

Depth, m.
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Lobelia dortmanna s ; wis s cws s 5955595 5 558 5 5,500 5 5uwie s
Lythrum salicaria@ . . ............c..ocuuiuiuennennannn
Potamoget. sect. Coleogelon.. . . v sy s s s vmes 455 5 s s
Rumex-aquaticus-hydrolapath.......................
Typha LaBfolT o s o s s cive s womow ¢ womn s wiss « woys 3 5 3 @ese 5
Valeriana dioica

Pediastrum?)

1) Omitted from the pollen totals.
?) + indicates presence in the sample.



141

6L

68
9¢

6G
0@
00°L

06

@8

0L

6G

0¢
8€
61
09

96

a6

i

[ ..

(1 ..




142

Table 29. Brorup Hotel Bog. BP 2 (STA).
The figures indicate numbers of pollen grains or spores. [ ] probably derived.
Tallene angiver antal af pollenkorn og sporer. [ ] sandsynligvis omlejret.

@m@@—"ﬁ‘olw‘?‘omlﬂv‘*N‘CJBIO—#G?‘
I)(’pth, m. C’ﬁ M| N ||| vﬂ}o @ | < C‘a R~ ) D) e || | W
o3 o~
|
ACE o2 5re 5 4008 § 2ol HEGT E §50E £ SEE L4 S 4 06 T
ABIERADA < < 55 2055 5 555 5953 B 5 Pe2 5556 R |
Armericd Maritima . « . . e oo v snimacsinesmn TE BE AP Ay TR B 4Y EP 3y 98 T P 99 98 o8
BIStarley oo snmnssamsvws s s i s i vames s g B B ss sw oem we owE en B sm @ w5 an D
Botrychium cf. lunaria. .................. L s o
Gerastium-Stellaria: . ;s ¢ ssmassmnisgns s 5
Chamaenerium angustifolium . .. ........... 1 o Ca e
CHSHIR.: v ¢ s s o ¢ 5rs VG 5 v § & dross 3 94 G Ew w0 who wE 48 G ed ih fw omm ey e 1
CTUCTIETUE : + 505 65 350 3 50 265 #5855 55 Fadh o § 51 GF N B BR W S G T WY SF e B se Gl R &0 G E
Empetrum hermaphreditum . .............. wn gm A S R B9 A9 W PR ¥R W Gn $e O o da By S5 D
Ephedra Qiseii@ « ; » s s o s vions 6 s v ¥ wE R B ek W8 §5 we W@
BRIea BelPOlU . o o oo v mimn o 0 s soiciior .5 e R Y - - S N N T
GAalltts TYDE s sic vais i 5m 5 955 & 4w 5 ¢ s 4 48 2 A ux ew o sm ows 3w oam X ows e ww T osi s 2
Y S v vl e o v s, aimons e B SR AR T A A e T T |
GETQIUUHI . o 3 wisop s wsos ¢ o s Gove § 5 o s § 4 5508 5 55 T R R R R Ry
(1 1 R G e N R ER AT g ) 55 W we = A PR de AP Gm . S & @R g @ S o
Hedera TG .5 i < ssov wusess o wmrs s wosniurs v s ¥ 5 ! - A
Horialos Wpnling . . ; o0 5 506 5 piss s 5055 956 S W OGP W EE $E BE RS BE W W G e EW &§ ve e
Tleas @GUETOIIEI « « oo v < ase i aiw s o won o o isers & 90 B W &Y WE ME WF &6 Bm 89 W G 5% Bo 9R oo N wg
Jasione monIane: : s s 3 w5 s wiss i s v oo s 55 sn s @ e oow ew wi L ows ws 5 &%
ETGUUTIOBAC: . vvr e v isivn: « mitasl 6 oness's wisirm # 0 soreiess's S L = w0 o owm ose o mw we L
Lotus corniculals. <« v cs s o wws o wwns s wie s s 1 e @y 98
Lycopodium annotinum .. ................ b fa o S s ew ax b s s
Lycopodium clavatum . ... ; sow s puwsa s o o i L 2 se ww e 1 2w w30 w1
MEIGIODITTITT s 055 5505 b i s 3 wos a5 W 5 st 455 1
Mercurialis,PErenaifs . . i s s o« v s imen o oo s 5 B e Wae S0 8% N S 4w R @ sd v sy L
Planitago i, . s s ¢ 5 wm s 0505 555 6 5 vie s b s v wE oss L mn wE s BE BE g8 R @8 8 @ wE L
POLERTIITR s« v v srimras s o/ wsmmors) v it 15 detor s 2 A e s w88 sw s e em m om0 den o
PRIS ¢ vus 4 95058 & 56 8 8in ¢ $ 6§ Sk ¥ 5 5w 4 9 s 38 L g
REDUS FETHCOSHS . « ¢ sioe 5 w00 56 s0m o 5 imn, 505 e w2 R e e
RUDiLs TdAeUS o svwi 5 viore  5s6s samsnd © 5545 8 96001 & v D @ oww ms B8 oy M M w46 we M W 43
Sanguisorba officinalis . . ................. e B I em mE SR AW A 08 W m@ 58 39 owe i
Sorbus queHPATIA. . <o s vas s v 50 bwas v hs 6w e wa UE B we we owm oww e we b
Taxus - bBasCATt w.s v oo s s e 55 vame s amv s s e b oew o we i oew &
Trollius eurOpaeus: . ..« « .« < cocn s s wdivs s visie v s B B g e ae ope B L e
Tl s oins s mims 55800 5 R5E 5 068 55555 35955 55 R T BT |
VACIA-LAtRYTUS oo o oo v s 5o v 4 wsmin o o wisoras s im0 w6 1
Caltha PalustiisY) . . . « wwre oo v wims v srs o s L e i me sp oww oww B sy @s oww s e W
Elsma nalainis o5 ¢ ¢a0s 3 s v 8505 5§ 5i@0e 5 & @l 5 2
Littorelld Tiflora. . ... « voviv e sioe o oimios s mosin oo o
Lysimachia thgrsiflora . ... < vwe i s s smio s . 1
Ranuncnliis acer tyP .. « v v nins s wssssmess I s &
POTGSERITY)) i s sims i i o 5 i 5, 5k 5 600 56 S

1) Omitted from the pollen totals.
?) + indicates presence in the sample.



Table 30. Rodebeak I.
The figures indicate numbers of pollen grains and spores. [ ] presumably derived.
Tallene angiver antal af pollenkorn og sporer. [ ] sandsynligvis omlejret.
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Depth, m.
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Armeria maritima. . ..........
Bistortd s sz s v s smos s v
Botrychium cf. lunaria. . ... ...
Buxus sempervirens. . .........
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Chenppodiateae .. 5 v o s wm 6 s 563
Cirsium. . . ...,
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Fagus silvatica...............
Frangula alnus. .............
Genista: s s s s wma s ww v s u s 3
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Table 30 (continued)

BP
79 m

Depth, m

=
.0

47

43
40

34

30
BP
57 m

4.81

61

50
38
28
18
16
14
12
05
3.34

27

17
09
2.89

84

Trollius europaeus. . ..........
Tubaliflor@e: . s s swe s smeswos s s
TOTEIEISS 2.5 5 ottt & 5ovited B § s & 4
Urtied dEOtEa) o 2 o » wove s aimi s s

Caltha palustris®) ... .o« oeevs
Drosera anglica-rotundifolia. . . .
- intermedia . ..........
Hydrocotyle vulgaris. . . .......
Lysimachia thyrsiflora . . ......
— el valgaris. . « vy
Menyanthes trifoliata. . . .. .. ..
Myriophyllum verticillatum . . . .
Potamogeton sect. Eupotam.. . . .
Ranunculus acer type. ........
Rumex aquaticus-hydrolapth.. . .
Valeriana dioica . ............

Pedtastirin®) e « s 1659 4550 8
Amphitrema flava. .. .........

1) See the pollen diagram (plate 1X).

%) Omitted from the pollen totals.

%) -+ indicates presence in the sample.
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Table 31. Herning. BP 1 (STA), BP &
The figures indicate numbers of pollen grains o1
Tallene angiver antal af pollenkorn og sporer

Depth, m.
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6.90

~
~

50
00

4.67

>
~

—
N

3.92

=
©

[
0

=
<t

N
o

2.98

=]
[}
—

BP 3

0
o2}

%

[
<o

2]
el

=
0

ADbies alb@ s oe.. s svnsnaiihigis
ACer . vvvii i
ARBINOTIE s wsisumpnimsye@meiss
Arctostaphylos uva-ursi. . .. .....
Armeria marttima. . ...........
Artemisia. ...................
Bistortd s osvssewssemsswnssss
Botrychium cf. lunaria. ........
Buxus sempervirens. . ..........
Cerastium-Stellaria. . ..........
Chenopodiaceae . :«.......coc.v.x
IS, . » 505 535576 58 S0 8 E DR E3 35
Cruciferae....................
Ephedra distachya . ...........
- cf. strobilacea. . . .. ....
Eriea telvalix: : s ovs s s v swnsses
Fagus silvatica. . ..............
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LAGUITOTae .- . 5 oo < n oimi v 50 0 4 3 o
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- selago «:.woswesyws
Ophioglossum vulgatum .. ......
Parnassia palustris .. ..........
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- HArTimd : w55 5095 3
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Potentillas oo s s s 5w sz s s svwmiowna
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B < . 5 6 osn 0 ¢ srans v 0 wane « o smom o 0w
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STA), and BP 5 (STA), 7.80-16.50 m.
ipores. Derived pollen or spores are not marked.
Omlejret pollen og sporer er ikke merket.
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Table 31 (continued)

Depth, m.

7.31
15
10

6.90

BP 1

~
~

50
00
5.50
10
4.67
49
21
3.92

F
.

60

2
40

22
2.98

1.20
BP 3

8.98
90
83
80

Urlict @IOTER . oo w5550 55 506 30500
Vaccintium Typei-c. s s s o s s s
Vicia-LatRyras <« 505 605 850
VBB OIN e & winsies & it o oot 5w

—_

—_

—

Azolla filiculoides®) . ...........
Braseriiey: . o o550 55 50 vaw 7 300
Caltha palustris. . .............
DTOSEIE. 5 o5 o pwsvvpws s wewdvm
HIDDOFIS, « o v 5006 8 5 5053 5 5060 5 5 Sk
Hydrocotyle vulgaris. .. ........
Littorella uniflora . . ...........
Lycopodium inundatum . . . .....
Lysimachia cf. vulgaris. .. ......
Lythrum salicaria .. ...........
Menganthes trifoliata. . . .......
Myriophyllum alterniflorum. . . ..
- spicalum . .......

- verticillatum . . . . .
Nuphar luteum . . .............
— ol s i swv s s i
Osmunda cf. cinnamomea. . . . . ..
- regalis v vy 5 5 v s v
Potamogeton sect. Coleog.. . . . ...
- — Eupotam.. . . ..
Ranunculus acer type . .........
— trichoph. type. .. ...
Rubus chamaemorus . ..........
Thelypteris palustris type. . ... ..
Trapa nalans . : s s s e sy i s
Typha latifolia . ..............
Typha-Sparganium. . ..........
Valeriana dioica . . ............

S

WO

6 13 13 10

NG
[

1

[

1116 11 12

PEATGBIFTINTY .o 500k 5 0 5 5ie08 5 5

1) Omitted from the pollen totals.

?) See the pollen diagram (plate XIII).
*) + indicates presence in the sample.
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Table 32. Herning. BP 5 (STA), 2.95-5.67 m.

The Figures indicate numbers of pollen grains or spores. [ ] probably derived.
Tallene angiver antal af pollenkorn og sporer. [ ] sandlynligvis omlejret.

Depth, m.
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2
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[le]
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<# 2\ =

=
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—
B
-+

0
[oe]

—
e}
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~

3.14
02

2.95

Allium cf. schoenophrasum . . . .. ....
Arctostaphylos uva-ursi. . . .........
Armeria maritima:., .. ... .5 0nm000
Astragalus frigidas - . . ....covsi00.s
BIBIOBHE .« oo - o vomsmns s s sy 5. 550t
Botrychium cf. lunaria. . ..........
Campanula. .....................
Cerastium-Stellaria. ..............
Ephedra distachya . ..............
- cf. strobilacea... . . vosnvsn
Eriea telhaltar, ; . oor o ¢ 560 30w oo o 4
FEQGAPIO © s 5ososs v s o mims s amis 8
BRQETINS - 5 ones 22y b HEE 550 bR S
Hedera helix . . ..................
Helianthemum oelandicum type. . . . .
HEFURICIT 2 0o & 1 35065 46 4busi was 4 208w
Hippophaé rhamnoides. . ..........
Lycopodium annotinum . ..........
— alpinum-complanatum . .

- Caualan . < e nosv v omss s

- selago ...............
Melampyrimt. . =< cxsvwsss e snmas s
Ophioglossum vulgatum . . .........
Parnassia palustris ... ....vvvi5005
Plantago lanceolata . .............

- persicaria type . ........
Polypodium vulgare. .. ............
Pteridium aquilinum. . ............
¥ {11 1
Sanguisorba officinalis. ...........
Scrophulariaceae . .. ..............
Sedunmy o« 55,50 5 s wEPE 0 S ST
SUEHe-APETATIA ; o5 00 5006 5 bv 8 a0
Trifolium alpestre., . ;.. o5 v 45 055090
Trollius europaens... . . . .o o co s s onas
3111111 P PR S S
VaceIniiirn tY0e. «.cnoms o8 8 5 55 54608
Valeriana officinalis s.1............
Vieta-Lathgrrus: « .50 s s a5iss 5005 8
WS, Gy B e T s P e s e xo-pe

(1]
(1)

(1

(4]

(3]

(1]

(3]

(1]

(1 (2

(1]

CAlHLICREY) i i s < anitiis niosi wiwwe
Blisthia Balans . « o s s ws w0 ww o wes
Myriophyllum verticillatum . . . .. ...
Osmunda cf. cinnamomea. . . .......

- REGUILS oo 355 902 3035 BR 7
Polamegeton sect. Coleogeton. . . . . ..
Rubus chamaemorus ..............
Rumex aquaticus-hydrolapath.. . . ...
Thelypleris palustris type. . ........
TYPRA TGUTO - .« a0 s o w a0 bgironnsn

PoToSTITRY. 2.5 po5 006 s 25 5ot 6 B

(7]

n .. .
1.1 - [2]
o

(3] [11] [10]

(1]

2] 1)

08

[

(3]
1

+

1) Omitted from the pollen totals.
?) + indicates presence in the sample.



Table 33. Norbelling.

The Figures indicate numbers of pollen grains or spores. [ ] probably derived.

Tallene angiver antal af pollenkorn og sporer. [ ] sandsynligvis omlejret.
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BISTOMASDS & 2.6 56 0 08 25 4 eiibie S8 0k i &l s 6 A ariling 8 i @ B TR @ 1 f +
Chamaenerium angustifolium . . .. ......................... "
Chenopotlaueet v« s o sse e nwe s s ansme ws T e F6E THEE1057 - 2
T LBIAR, coe. i e e sy il 500750 38 (6B s o Q3 s nesar v o v o i 1
Ephedra of: SIrobilace. . « . s vs s 55 wo st 58 5% 66§85 5 3 5855 § 5 5% v - ..
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BUDSADNIIA 2 5 208 2 20500 4 506 7§ 80 2 K 3550 7 e s e 3.l 0 8 B +
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e QUUTOIIINT + o 30505 5 mre s misve o 5 Simos 5 i o 6 S 5 0 HF0S 2 BOE 15 510 8 [1] s
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Lotusofs cornionlaluss « sis o v o5 wos w5 w9 5 56 5 8 85654 5 5 958 § 5 3@ 1 o 1
LERIGEQ: BOTEALIS... » et - 6 ne o 5 i & 5 105078 5 3 soves w05 wise 1 0 danst s m ivams 31 s 8 +
Lycopodium anOtEUITG « o « oo s swiv s v s w0 s s 5ov 56 5o 5 5 5 57 & 8 5715 2 +
- CIADBII « gon 5 5052 5 5 50005 6508 5 S 5t = 7 A2 s 2 o 58 & » s B + +
Mercurialis Perenmis . . ... ......uovisevuenwesssnssvassssos 1
MUEICA UL s 5.5 5515 5 6@ 5 5iwis £5 50 § & 56s § 8900 £ 6 F § & il 55 S48 3 - + 3
Planfago BALTEITI . « « coc v s 0vos 55 5§ Ss s o & ws s wiacs w o s s 1 1 ..
= BEHIA < & 7m0 5asiss & 5 & 500605 5 Soiai 8 Poaie & WAlE 5 % Bet & SIBVE) 3 1 i 1
POEETITTLL o convisps o 58055 55 5 A B 5 TR G o R TR s s o o, s - 3 1 .
Silene-Arenari@ tYPe:. . « s s 0 ws cowmsswmss swns s wessmasssass 3 i 1
OIS DOCTICE: s o5 5 2.6 BNRT & 5500 %, S0 % 5888 1 3 S s v serons [1] [1] o 6 i
DUDULTIOTAR . s 4 e s 3 siwierss & oy e BT, 9P ) e o v v 1 1 2 - 1 2
VaCCTRTT AYDBrs 4.5 frm 05 w5 s 5 i 6 st 6 G B RS 9 B B T 3 1
Drosera angliea-rotundifoli: s s ss v s ais s vies o5 s55mamss o +
Lycopodium inundatum . ...............c. i, 1
Lysimachia TAYrSHloTQ .« o os.0 5 s s 5 wimae 5 5 5 55 G5 5 58 3545 1
Myriophyllum alterniflorum . .. .............ooiiiiiinen.. 1 1 a5 is
- SPICATUIN: ss ¢ 5 555 5i0000s 6 905081 5 Bibes & Wp%s 3 370 & 08506 4 o [2] [1] [2]
- WEHHCHIAEERI & cv i o090 % v € st m i w1 0 im apimoms o vmrn [1] (1] . s
Osmunda cf. cinnAmMOMea. . . ...........couuuiiniiinenienenn. [1] -
- PEGOLES: 5 55505 5 5505 5 wiie 00 55 & diisens, 5 B 5 800 3 5 el § 35580 3 e [1]
Polggonum amphibittim. . . .« v v vnviwnsssamenwmssswsssames + .
Ranunenlus acer tFPCs s« » w65 wiww s 5 wis 9.5 w59 & & 60 § 5 % 95 § 3 5% 9 7 o 2 -
TODH IO - o e 55 550 5 5 o 5 Biiig 3 § 579 8 S o2 & o s & & riosoi moin v +3 % 1 1
Typha-Sparganiton BYPe « : s e wmessmnssmnsoswissoss ey 2 2 1L
Pediastirmi™ o s 5w s 5w i wwie s wme s 8B5S Gy B3 blER s s 63 +

1) Omitted from the pollen totals.
%) + indicates presence in the sample.



DANSK SAMMENDRAG

VEGETATIONEN OG DENS KAR I DANMARK I TIDLIG
WEICHSEL GLACIALTID (SIDSTE ISTID)

I. INDLEDNING

Kxup JeEsseEN og V. MiLTHERS (1928) offentliggjorde pollendiagrammer fra 2 loka-
liteter fra den nestsidste interglacialtid og fra 13 lokaliteter, som kunde dateres til den
sidste interglacialtid i Vestjylland, og viste, at en lignende vegetationsudvikling karakte-
riserer aflejringer af samme alder i NV-Tyskland. Det vistes, at hver interglacialtid
havde sin karakteristiske vegetationsudvikling, og pollenanalysen viste sig siledes at
veere et nyttigt redskab for en datering af senpleistocene pollenforende lag. Senere
undersogelser?) har vist, at princippet om regional parallelisme geelder for interglaciale
pollendiagrammer fra Nordeuropa, og har stottet henforelsen af Eemhavet til det
,,Nedre Varme-Stadium** fra Herning-profilet.

JESSEN og MILTHERS (l. ¢.) henregnede ogsa det ,,0vre Varme-Stadium‘* fra Herning
til den sidste interglacialtid. Klimasvingninger i tiden efter Eem Interglacialtiden kendes
nu ad flere veje, men man har intetsteds kunnet pavise et varmestadium med en vege-
tation, der ligner den, der fandtes i det ,,0vre Varme-Stadium'* fra Herning (med hoje
pollenfrekvenser for Quercus, Corylus og Alnus, se ogsa kapitel VI). Man betragter
derfor nu s@dvanligvis kun det ,,Nedre Varme-Stadium” fra Herning som Eem Inter-
glacialtiden og henforer de derpa folgende stadier til den sidste istid i Nordeuropa?).

Fraveret af et stadium, der minder om det ,,0Ovre Varme-Stadium” fra Herning,
er blevet forklaret ved henvisning til erfaringer andetsteds fra, at en sidan horisont
kan vere dannet af omlejret, interglacialt materiale. Her skal henvises til undersogelser
af Tuomson (1941, 1951) i Estland og Tyskland og af Remp (1896) og WEesT (1956) i
England, som er refereret i den engelske tekst.

I de 30 ar, der er forlobet siden offentliggorelsen af JEssex og MiLTHERS' arbejde,
har pollenanalysen vearet i rivende udvikling, og det var givet, at disse problemer burde
undersoges pany i Danmark. Fremskridt af serlig betydning i denne forbindelse er
indforelsen af metoder, der gor det muligt at finde tilstreekkeligt pollen i leraflejringer,
forstaelsen af urtepollenets betydning, specielt ved studiet af skovfattige tidsrum, og
opdagelsen af, at sedimenter med stort indhold af alloktont mineralsk materiale kan
veere forurenet med pollen fra @ldre aflejringer (se iser IVERSEN 1936a). Ogsda nye
erfaringer med hensyn til pollenanalysens muligheder for at belyse fortidens vege-
tation og dens karforhold, iser i Senglacialtiden, er af serlig betydning for en for-
stielse af de problemer, der behandles her (se isaer IVERSEN 1954).

1) Literatur er naevnt udforligt i den engelske tekst.
2) “Weichsel Glacialtid” vil i det folgende blive brugt for det tidsrum, der adskiller
Eem Interglacialtiden fra Postglacialtiden, se iovrigt diskussionen i kapitel VI.



Den her omtalte undersogelse omfatter lokaliteterne Brorup Hotel Mose, Rodebak I,
Herning og Norbolling, ved hvilke JEsSEN og MiLTHERS (I. ¢.) fandt del ,,0Ovre Varme-
Stadium® repreaesenteret. Der er ogsa fortaget boringer ved Solso. Undersogelsen af
lagene fra Eem Interglacialtiden er ikke afsluttet, og kun de derover liggende aflejringer
vil blive omtalt detailleret her. Ved Brorup Hotel Mose fandies en sewrlig detailleret
serie fra tidsrummet, der fulgte Eem Interglacialtiden.

II. METODER
Boreteknik.

Den anvendte boreteknik muliggjorde udtagelse af intakte kerneprover i kon-
tinuerlig raekke.

Sedimenter.

De enkelte profiler er beskrevet i kapitel III. Beskrivelsen af sedimenterne folger i
det veesentlige de principper, som TroeLs-SmrtH (1955) har udarbejdet.

Mineralindholdet i sedimenterne bestiar i det vasentlige af silikater. Maengden af
indskyllet mineralsk materiale kan saledes bestemmes ud fra en bestemmelse af ind-
holdet af organisk stof, som omtales nermere i den engelske tekst. Et hojt indhold af
alloktone mineraler er karakteristisk for sedimenter fra arktiske soer og fra soer fra
Senglacialtiden, og en stigning i indholdet af sidanne mineraler i profilsojlerne kan
tyde pa et koldere klima.

Et hojt indhold af alloktont mineralsk materiale star ofte i forbindelse med tilstede-
veerelse af omlejret pollen og sporer, som pavist for senglaciale sedimenter af IVERSEN
(1936 a).

Sedimenterne og deres indhold af planterester giver ofte oplysninger om vandstands-
svingninger i de lokale bassiner. Disse har i de hervierende tilfaelde veeret aflobslose,
og vandstandssvingningerne skyldtes sandsynligvis i hoj grad klimaendringer, iser
@endringer af nedbor og/eller lufttemperatur.

Pollenanalyser.

Resultaterne af pollenanalyserne er vist i pollendiagrammerne, som viser den relative
hyppighed af pollen og sporer fundet i sedimenterne. Man plejer at forsoge at udelukke
indflydelsen af facies ved at udelade pollen og sporer fra lokale planter fra beregnin-
gerne. De forskellige identificerede kategorier af pollen og sporer (familier, slaegter,
arter) kan omfatte (1) kun planter fra hej bund, (2) bade planter, der kan gro pa hoj
bund, og planter, der kan gro pa bund med et hgjt grundvandsspejl, og (3) kun vand-
planter og planter, der foretrackker vandmeettet bund.

I de foreliggende pollendiagrammer er pollen og sporer, der formodes at tilhore
gruppe (3) navnt ovenfor, udeladt fra procentberegningerne. Udeladelse af planter
fra gruppe (2), f. eks. graesser og halvgraesser, vilde utvivlsomt give et forkert billede.
Imidlertid ma det huskes, at billedet kan veaere steerkt pavirket af lokalt pollen i de
torvelag, der forekommer i profilerne.

Pollenzoner.

De vegetationshistoriske enheder er pollenzoner. Da pollenzoner i forste rekke er
afgreenset ved sendringer i pollenindholdet i visse sedimenter, bor de anses for at vaere
bio-stratigrafiske enheder (sml. HepBeErG 1954). Pollenzoner kan gelde som tids-
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enheder i begreensede omrader, men granserne for pollenzonerne er ikke altid synkrone
i et storre omride, og krono-stratigrafiske enheder bor afgreenses pa anden made (se
kapitel VI).

I JesseN’s pollenzoner for sidste interglaciallid (JEssEN og MiLTHERs 1928) er
pollenet fra urter og buske ikke taget i betragtning, og det har derfor vaeret nodvendigt
at definere nye pollenzoner. I fremtiden vil det vaere nyttigt for overskueligheden at
nummerere pollenzoner fra interglacialtider og glacialtider saerskilt. Saledes vil det
veare praktisk at sette greensen for Eem Interglacialtiden i vegetationshistorien ved det
punkt af udviklingen, hvor skovvegetationen forsvandt, og skovlese vegetationstyper
bredte sig. Nye pollenzoner for den naermest derefter folgende udvikling er beskrevet
(zonerne W 1-W 5, se den engelske tekst side 17-18 og oversigten s. 160).

III. BESTEMMELSER

Alle de bestemte planterester fra pollenzonerne W 1-W 5 er vist i tabel 23 (s. 107-111).
Bestemmelserne af makrofossiler hidrerer iser fra Knup JessEN's undersogelse (i
JESSEN og MILTHERS 1928). Nye bestemmelser af makrofossiler reprasenteres af Elisma
natans og Larix sp. I dette kapitel omtales en raekke bestemmelser isar af pollen og
sporer naermere. Bestemmelser baseret pa statistiske undersogelser (storrelse, poretal)
er omtalt i et serligt afsnit.

IV. BESKRIVELSE AF LOKALITETERNE

I dette kapitel beskrives sedimentserierne og pollendiagrammerne fra de enkelte
lokaliteter. Der henvises til den engelske tekst, dog skal enkelte hovedtraek og serlige
forhold omtales her.

Ved Brorup Hotel Mose pavises det, at de lag, der svarer til det af JESSEN 0g MILTHERS
(1928) beskrevne ,,mellemlag, bestir af sedimenter med et hejt mineralindhold, og
at de derover liggende lag har et hojt organisk indhold. I lagene med hejt mineral-
indhold forekommer typisk interglaciale pollentyper pa en sidan méde, at de ma anses
for at veere omlejrede fra interglaciale lag. Ogsi andre sekundeere pollentyper fore-
kommer, men en reekke pollentyper, fortrinsvis reprasenterende urteagtige landplanter
og vandplanter, forekommer pa en sidan made, at de ma anses for at veere primere.
I de ovrige, vasentligst organiske lag, forekommer nasten intet sekundeerpollen. For-
uden lagene fra Eem Interglacialtiden er pollenzonerne W 1-W 5 reprasenteret i
profilerne.

Ved Rodebak I indeholder lagene over aflejringerne fra Eem Interglacialtiden meget
mineralsk materiale, og de har et hejt indhold af omlejret interglacialt pollen, med
undtagelse af et gyljelag (lag D i JEssEN og MiLTHERS profiler), som fortrinsvis inde-
holder primeert pollen. Gytjelaget stammer fra pollenzone W 2 (underzone c¢).

Ved Herning dakkes lagene fra Eem Interglacialtiden af tykke, nzsten rent mine-
ralske lag. Den ,,ovre varme-horisont’” genfandtes som en horisont med mange tynde
detrituslag. Bade ,,mellemlaget” og den ,,ovre varme-horisont* indeholder inter-
glacialt pollen i heje frekvenser, og de fleste af de i disse lag fundne planterester mé
anses for at veere omlejrede. Over de naevnte lag findes en gytjehorisont (lag ) med et
lavt mineralindhold og lave frekvenser for omlejret pollen. Delte gytjelag svarer til
den nederste del af pollenzone W 3.

Ved Norbolling blev der ogsa fundet lag med hejt mineralindhold over aflejringerne
fra Eem Interglacialtiden. De indeholder meget omlejret pollen, og kun en horisont
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af dy-agtige lag (lag E) indeholder fortrinsvis primaert pollen. Dy-lagene tilhorer pollen-
zonerne W 4-W 5.

Ved Solso findes lag fra Eem Interglacialtiden i betydelig dybde. De overlejres af
steerkt mineralholdige lag, som reprasenterer Weichsel Glacialtiden, og af gytje fra
Postglacialliden. En lille so findes endnu, men den er nu sterkt reduceret ved draning.
De mineralholdige lag indeholder omlejret pollen i store méengder og ingen pollen-
diagrammer er udarbejdet.

V. VEGETATIONEN OG DENS KAR I VESTJYLLAND
1 POLLENZONERNE W 1-W 5

I det forelagte materiale fra Brorup Hotel Mose, Rodebak I, Herning og Norbolling
kan pal@ookologiske slutninger drages pa baggrund af sedimenternes sammensatning,
angivelser om vandstands@ndringer og iser pa oplysninger om vegetationens sammen-
seetning og planternes udbredelsesforhold i nutiden.

Man maé her gore sig klart, at det i reglen kun er en ringe del af selve planterne, der
er bevaret. Imidlertid er iseer makrofossiler som frugter, fro og blomsterdele ofte af
hoj taksonomisk veerdi. Det her omtalte materiale er sammenholdt med nulevende
arter. Denne fremgangsmade begrundes forst og fremmest med {loraens unge alder og
med det faktum, at Harrtz (1909) og JesseN (i JESSEN og MiLtHers 1928) kunde
identificere planterester fra Eem Interglacialtiden i Danmark med en lang rakke
(132) nulevende nordeuropaiske arter, mens blol to arter nu kun findes representeret
uden for Europa.

Eksistensen af fysiologiske racer (biotyper, okotyper, provenienser) og mulighederne
for @endringer i arternes indhold af disse reprasenterer et problem for palaeookologien.
Pleistocentidens nedisninger kan have fremkaldt @ndringer i visse termofile arters
indhold af racer, men som narmere begrundet i den engelske tekst, behover sidanne
@ndringer ikke at have varet universelle. Heliofyter har sikkert haft vanskeligheder
ved at overleve skovens fremtraeengen i Postglacialtiden, og deres populationer er i dag
ofte sterkt reducerede. Paleokologiske slutninger bor helst stottes pa enstydige angi-
velser fra en raekke arter.

Oplysninger om planternes nuvarende krav til kirene pa voksestedet kan hentes
fra literaturen, men disse krav kendes langtfra altid i detailler. Is@r er det ofte vanske-
ligt at bedomme arternes krav til klimaet. Arternes udbredelse kan bestemmes af hele
arets temperaturer, men oplysninger om temperaturen for den varmeste og den koldeste
méned kan veare tilstrackkelige for at afgreense en arts termosfere (se iser IVERSEN
1944). Desverre er oplysninger om vintertemperaturen sjeldne i det fossile materiale,
og skon af sommertemperaturen ma derfor veere ret grove. IVERSEN (1954) grupperede
plantearterne efter aftagende veerdi som temperaturindikatorer siledes: (1) traeer og
buske, (2) vandplanter, (3) skyggetilende urter og dveaergbuske, (4) heliofile urter og
dvaergbuske. De planter, der kraever mest af voksestedet, anses for at veere de mest
upalidelige temperaturindikatorer. Vandplanternes heje verdi som temperaturindika-
torer fremhaevedes af IVERSEN i overensstemmelse med Grick (1927), SAMUELSSON
(1934) og SzaFER (1946, 1954), men i modseatning til WESENBERG-LUND (1909).

Udtrykkene ,,subarktisk™* og ,,subalpin vil blive anvendt for det omride, der
findes mellem naletraesgreensen (Picea abies og Pinus silvesiris) og birkeskovsgraensen
(Betula tortuosa) i Skandinavien.

En oversigt over forskellige mere vigtige planters hyppighed i de forskellige pollen-
zoner er vist pa tavle XV (baseret pa pollenanalyserne fra Brorup Hotel Mose, for
zone W 1-W 3, og Norbolling, for zone W 4-W 5).



Zone W 1.

Afslutningen af Eem Interglacialliden markeres ved en nedgang af thermofile
planters pollen og ved en udbredelse af skovles vegetation. Samtidig skele der abenbart
en vandstandsstigning i de lokale bassiner.

Pinus silvestris, Picea abies, Betula pubescens og Populus tremula forekom muligvis
med spredte individer. Buske var fremherskende (iser Betula nana, Juniperus com-
munis, Calluna vulgarts, Empetrum nigrum, E. hermaphroditum og Arclostaphylos uva-
ursi), og vegetationen minder derved om den nutidige vegetation i det subarktiske-
subalpine beelte i Nordeuropa, dog med den forskel at Betula tortuosa abenbart mang-
lede. Urteagtige planter var ogsa almindelige. Vandplantefloraen minder ogsa om den,
der findes i det subarktiske-subalpine belte i Nordeuropa i dag. Klimaet kan derfor
karakteriseres som subarktisk, og det var formodentlig ret oceanisk.

Vegetationens sammensatning viser, at nedboren har vearet rigelig bide om som-
meren og om vinteren.

Den udbredte forekomst af hedeaglig vegetation og sjeldenheden af basifile planter
tyder pa, at en fattig jordbund med et surt humuslag har veret fremherskende. Da
underlaget er kalkholdig morane fra den sidste nedisning for Eem Interglacialtiden,
ma denne sure jordbund sikkert ses som resultatet af en fremadskridende udvaskning
i Interglacialtiden. Vandplantefloraen karakteriseres af arter, som fortrinsvis findes i
soer med fattig vandplantevegetation og neutralt vand (Myriophyllum alterniflorum,
Isoétes echinospora, I. lacustris). I Eem Interglacialtiden var soernes flora udpreeget
basifil, og fattiggerelsen skyldes utvivisomt den fremadskridende jordbundsudvaskning.

Zone W 2.

Denne pollenzone er inddelt i 5 underzoner, a, b, ¢, d og e. Underzonerne a, ¢ og e
forekommer ret gunstige klimatisk set, mens b og d var veesentligt koldere.

Sedimenterne i soerne domineres ganske af alloktont mineralsk indhold, iser i
underzonerne b og d. I lebet af denne zone blev bassinet i Rodebak I udfyldt med
sedimenter, mens der ved slutningen af zonen stadig fandtes soer i Brorup Hotel Mose,
Herning, Norboelling og Solse. Alle andre moser eller soer fra Eem Interglacialtiden
kendt i Vestjylland mé veere blevet udfyldt allerede pa et tidligt tidspunkt i zone W 2.
I hvert fald har erosion og tilforsel af alloktont mineralsk materiale til soerne i denne
zone veret sterk. Adskillige forhold tyder pa, at solifluktion har veeret medvirkende
til at transportere det alloktone materiale ned til soerne. Der anfores grunde til at tro,
at den fremherskende form for solifluktion pa dette tidspunkt var af den amorfe type.
Denne solifluktionstype, hvor en udifferentieret masse beveeger sig nedad pa selv
svagt haeldende skraninger, kan veere uafheengig af pergelisol, idet den kan forekomme,
hvor rigelig fugtighed er til stede i overfladelagene. Den karakteriserer iser omrader
med oceanisk klima i arktiske eller subarktiske omréder.

Treeer manglede muligvis helt, eller de var i hvert fald sjeldne. Af buske fandtes
Salix-arter, Betula nana, Juniperus communis, mens Ericales var sjeldne. Urteaglige
planter var fremherskende, og forekomsten af en reekke heliofyter karakteriserer zonen
(se s. 88 og kurve A pa tavle XV). Heliofyterne var serlig talrige i underzone c;
men disse planter er sikkert upilidelige som temperaturindikatorer. Vandplanter fore-
kommer pé en karakteristisk méade. De var dbenbart hyppige i underzonerne a, ¢ og e,
mens soerne var nermest sterile i underzonerne b og d. Det antydes, at klimaet i
underzonerne a og e var subarktisk. Det samme var tilfaeldet for underzone ¢, som
adskiller de to kolde tidsrum, underzonerne b og d, hvor klimaet sikkert var arktisk.

Den ringe hyppighed af Ericales tyder p4, at solifluktionen odelagde den udvaskede
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landoverflade og bragte frisk jordbund op til overfladen. En lignende proces kan iagt-
tages i dag i arktiske eller subarktiske omrader. Denne antagelse stoltes af forekomsten
af en raekke neutro-basifile arter (se s. 91 og kurve B pa tavle XV). I det hele taget
karakteriseres heliofytfloraen ved foreckomsten af planter af pionertype, som i dag kan
findes pa ustabil jordbund under en raekke forskellige forhold. Det bemrkes, at disse
pionerplanter viste en vis forkerlighed for underzonerne a, ¢ og e, iseer underzone c.
Dette skyldtes maske mindre snedaekke og torrere jordbund i disse underzoner. Omrader
med vad flydejord bacrer ofte nasten ingen vegetation, og dette forhold forklarer mu-
ligvis vegetationens storre fattigdom i underzonerne b og d.

Vandplantefloraerne fra underzonerne a, ¢ og e praeges af indifferente, neutro-basifile
og basifile arter. Dette viser, at vandet i soerne ikke kan have veret surt, men det var
snarere neutralt eller svagt basisk, og isaer i Brorup Hotel Mose herskede der abenbart
en ret rig vandplantevegetation. Denne @ndring fra forholdene i zone W 1 skyldtes
muligvis, at det vand, soerne modtog fra omgivelserne, indeholdt karbonater igen som
et resultat af solifluktionen.

Zone W 3.

Hele zonen findes klart udviklet i Brorup Hotel Mose. Den er delt i underzonerne
a, b, ¢, d og e, hvoraf underzonerne b og d er lidt mindre gunstige. Sedimenterne an-
tyder en almindelig seenkning af vandspejlet med svage vandstandsstigninger i under-
zonerne b og d.

Betula pubescens var fremherskende, men skoven var ikke mork, hvilket vises af den
hyppige forekomst af de lyskrevende Populus (remula, Belula nana og Juniperus
communis, og af det ret hyppige urtepollen. Andre paviste traer eller buske er Prunus
cf. padus, Frangula alnus, Lonicera xylosteum og Larix. Der fandtes en ret rig flora af
skyggetalende, urteagtige planter, hvoraf nogle er ret sydlige i Skandinavien i dag
(Solanum dulcamara, Pteridium aquilinum, Merculialis perennis). 1 vand- og sump-
plantefloraen fandtes en rekke arter, som ikke overstiger néleskovsgraensen i dag
(Elisma natans, Littorella uniflora, Lobelia dortmanna, Lysimachia thyrsiflora, Nuphar
luteum, Typha latifolia, Valeriana dioica). Alt i alt er {loraen thermofil. I underzonerne
b og d senkedes sommertemperaturen noget. Den lokale vegetation antyder ligesom
sedimenterne en almindelig lav vandstand med svage vandstandsstigninger i under-
zonerne b og d.

Nedberen har sikkert veeret rigelig.

En reekke planter antyder en gunstig humusholdig skovbund. En del neutro-basifile
arter forekom stadig; men acidofile planter forekom med tiltagende hyppighed. I de
lokale vand- og sumpplantefloraer fremherskede neutro-acidofile arter. Elisma natans
var almindelig i Brorup Hotel Mose og forekom ogsa i Herning og Norbolling. Denne
vandplante har en ejendommelig pletvis udbredelse 1 Vesteuropa i dag.

Zone W 4.

Zonen findes udviklet i Brorup Hotel Mose og is@r i Norbelling. I Brorup voksede
soen til med sumptorv og skovtorv, men i Norbolling er sedimentet stadig en soaflejring.
Betula pubescens, Pinus silvestris, Picea og Larix fremherskede i skovvegetationen. Picea
abies var forst til stede alene, senere indvandrede Picea omoricoides, som er nert be-
slaegtet med den nulevende P. omorica, der i dag findes i sma reliktforekomster i Ju-
goslavien. Skoven var abenbart tettere end i den foregaende zone W 3, sikkert pa
grund af indvandringen af mere skyggegivende tracer. Af buske kan naevnes Frangula
alnus, der var meget almindelig, Myrica gale, Erica tetralix og Lonicera xylosteum, der
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alle er ret sydlige i Skandinavien i dag. Blandt de ret skyggetilende urteagtige planter
bor navnes Pteridium, Mercurialis, Linnaea borealis og Symphyfum. Symphytum er i
dag sikkert ikke spontan i Skandinavien, men den er muligvis spontan i Central-
europa. Klimaet var sikkert lige sa varmt som i zone W 3.

Tilstedevaerelsen af atlantiske arter tyder muligvis pa ret milde vintre og rigelig
nedbor.

Floraen er tydeligt praeget af surbundsplanter, og neutro-basifile arter er ret sjaeldne.
Dette tyder pa fremadskridende udvaskning og dannelse af sur humus. De lokale
floraer er ogsa praeget af surbundsplanter.

Zone W 5.

Skovens sammensatning mindede om den forudgiende zone, men Picea og Betula
gik noget tilbage. Frangula og Calluna var meget udbredte. I Brorup Hotel Mose frem-
herskede en hejmoseagtig vegetation. Visse @ndringer i pollenkurverne tyder muligvis
pa en lokal vandstandsstigning (svarende til underzone b).

Vegetationens sammenszatning tyder pa en fremadskridende dannelse af sur humus
og muligvis en almindelig udbredelse af hejmoser. De lokale floraer er ogsa praget
af surbundsplanter.

Zone W x.

Den ovre torveserie i Brorup Hotel Mose afbrydes af en erosionsdiskordans. Der-
over findes et sandet lerlag, som indeholder meget omlejret pollen. Dog antydes det,
at en subarktisk vegetation fremherskede. Serien afsluttes af solifluktionslag, sikkert
fra Weichsel Glacialtidens koldeste del.

Floralisten.

En liste over hojere planter bestemt pa grundlag af makrofossiler eller pollen og
sporer fra pollenzonerne W 1-W 5 er vist i tabel 23 (side 107-111). 180 taxa er bestemt
til slaegt, artsgruppe eller art, men 44 af disse er kun repreasenteret af omlejrede plante-
rester eller af fjerntransporteret pollen. 56 artsbestemmelser er baseret pa bestemmelser
af makrofossiler af JEsseEN (i JESSEN og MiLtHERs 1928). Dateringen af fundene til
pollenzonerne W 1-W 5 er omtalt i kapitel IV. Makrofossiler omtalt af JESSEN er
kun medtaget, forsavidt de har kunnet dateres i pollenzonerne med en vis sikkerhed.

Listen over bestemmelser er sammenlignet med den tilsvarende liste fra Senglacial-
tiden publiceret af IVERSEN (1954). Af de 136 slaegter, artsgrupper eller arter, som anses
for primere, genfindes 88 i den senglaciale liste. 4 af de planter, der mangler i listen
fra Senglacialtiden, ndede ikke til Danmark efter Weichsel Glacialtiden (Larix, Picea
abies, P. omoricoides, Symphytum). 16 acidofile arter mangler der. Dette skyldes sand-
synligvis, at hede- og hejmosevegetation var udbredt i pollenzonerne W 1 og W 4-5,
mens istidsaflejringerne i Senglacialtiden ikke var udvasket, og sur jordbund sterkt
begreenset. En rekke basifile arter kendt fra Senglacialtiden er ikke repreesenteret i
zone W 2 med priméere fund. Dette kan tyde pid, at den mineralske jordbund, der
blev frembragt ved solifluktionen i zone W 2, var nogel fattigere pa kalk end det ufor-
vitrede moreneler i Senglacialtiden. Ligeledes var Isoéles echinospora, 1. lacustris og
Myriophyllum alterniflorum almindelige i pollenzonerne W 1-W 3, men manglede helt
eller var sjaeldne i Senglacialtiden, sikkert pa grund af konkurrence fra mere kreevende
og hurtigt voksende vandplanter.

50 slaegter eller arter af heliofyter og planter fra dbne voksesteder forekommer i det
nerverende materiale, og 40 af disse genfindes i den senglaciale liste. Dette antyder,
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at pionerfloraerne fra tidlig og sen Weichsel Glacialtid var ensartede. Deres beslagtet-
hed med nutidige vegetationstyper pa ustabil jordbund er fremhavet af IvErRsEN (1954)
og ovenfor.

VI. KLiMA 0G KRONOLOGI I TIDLIG W EICHSEL GLACIALTID

I VESTJYLLAND

Geologiske iagttagelser fra Pleistoceenel kan ofte sammenlignes med iagttagelser fra
nutiden ret direkte, og klimasvingninger kan ofte pavises med stor sikkerhed. Strati-
grafiske inddelinger stottes sadvanligvis ikke pa slutninger om palseoklimaet (se
HEeDBERG 1954, TROELSEN 0g SORGENFREI 1956). Geologiske iagttagelser fra Pleisto-
ceenet af morenestadier, flodterrassesystemer, lossprofiler, huleaflejringer, strandlinier,
vertebrat og invertebrat pal@ontologi, og vegetationshistorie fremviser stor variation
og begrunder en rekke inddelinger af litho-stratigrafisk eller bio-stratigrafisk natur,
men disse inddelinger er ofte fragmentariske.

Vegetationshistorien kan veere seerlig nyttig for en stratigrafisk inddeling af Pleisto-
cenet, men det ma huskes, at dens stadier er bio-stratigrafiske enheder, og deres greenser
kan ikke altid anses for at veere samtidige i et storre omrade.

Flere forfattere (se literatur i den engelske tekst) har da ogsa foretrukket at afgrense
tidsenheder i Pleistocenet pa grundlag af klimasvingninger. Interglacialer og glacialer
repreesenterer Pleistocaenets hovedtidsenheder efter denne opfattelse. De interglaciale
stadier karakteriseres ved langvarige fremadskridende vegetationssuccessioner. De af-
graenses af storre klimasendringer og adskilles af glaciale stadier. Interstadialer og
stadialer anses for underafdelinger af de glaciale stadier. Et interstadial udgor saledes
en mindre varme-tid inden for en glacialtid.

Isaer efter hollandske forfattere (Zacwun 1957a, 1960, vaN DER VLERK 1957, 1959,
ZoNNEVELD 1957) kan for tiden folgende hovedstadier adskilles i Nordeuropa:

Weichselian Glacial
Eemian Interglacial
Saalian Glacial
Hoxnian Interglacial
Elsterian Glacial
Cromerian Interglacial
Menapian Glacial
Waalian Interglacial
Eburonian Glacial
Tiglian Interglacial
Pre-Tiglian Glacial

Kun de yngste af disse stadier er repraesenteret her i landet.

Weichsel Glacialtiden kan afgrenses som det tidsrum, der adskilte Eem Interglacial-
tiden fra Postglacialtiden. Adskillige forfattere (se den engelske tekst) henregner nu
Senglacialtiden til Weichsel Glacialtiden, hvis ovre graense siledes er den fini-glaciale
temperaturstigning, som svarer til afslutningen af det sidste storre fremstod af den
skandinaviske indlandsis. I den nordeuropeiske vegetationshistorie svarer denne
greense til overgangen pollenzone III-IV i Skandinavien og Holland. Pa dette tids-
punkt blev skoven dominerende og Postglacialtidens langvarige, fremadskridende
skovsuccession begyndte. Zonegraensen er sikkert noget yngre end selve temperatur-
stigningen, dens alder er efter C-14 bestemmelser ca. 10 300 for nu.

Weichsel Glacialtidens nedre graense og en inddeling af dens @ldste del er omtalt i
det folgende.
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Bio-stratigrafi

Lokal kronologi

\
| Juli Lokal
Jordbund [ . U N Hoved
Foner Vegetation | temp vandstand ‘Ild.(‘l - oved-
e | ’ stadier stadier
Wx Betula pubescens?, B. nana, Juniperus, | Jordbunds- !‘ 10-12° Stigende vand- ‘
urter erosion | stand (B) \
Hiatus
¢ | 13-15° Lav vandstand }
W5 b | Skov af Pinus, Picea, Betula pubescens, | Surt humuslag ca. 13°2 I;;(rlltclilt?:ge(B)
——| Larix, Frangula. Calluna, Empetrum fremherskende —— - j
13-15° Lav vandstand |
a (B, N) f
W4 Skov af Betula pubescens, Picea, Larix, | Surt humuslag | 13-15" Lav vandstand |
Frangula. Pinus tiltager tiltagende ﬁ(B) |
Skov af Betula pubescens, Populus, Tiltagende 13-15° Lav vandstand B
2 § - i rerup
e | Larix, Frangula. B. nana, Juniperus dannelse af surt (B) Inter-
og urter almindelige. Calluna tiltager humuslag stadial
d Traevegetationen mere aaben Svag erosion ca. 12° Stigning af
vandstanden (B)
w3 le Skov af Be!u!a pubescens, Popu.Ius. ) Stabilisering. 13-15° Lav vandstand Weichsel
B. nana, Juniperus og urter almindelige | Humus dannes (B) Glicial-
Travegetationen mere dben Svag erosion ca. 12° Stigning af tid
b vandstanden
(B, H)
5 Skov af Betula pubescens, Populus. Stabilisering. e 19° Lav vandstand
Betula nana og urter almindelige Humus dannes (B, H)
Betula nana og urtevegetation frem- Stabilisering. Stigende
e | herskende. B. pubescens og Populus til | Frisk jordbund | ca. 12° .
stede Hej vandstand
ol Nogne solifluktionsomrider udbredte | Erosion <10°
W 2 Betula nana, Juniperus og urtevegeta- | Stabilisering. Lav vandstand | Rodebzk
~ | ¢ | tion fremherskende Frisk jordbund | 10-12° (R) Inter-
stadial
b | Negne solifluktionsomrader udbredte | Erosion <10°
i Betula nana, Juniperus og urtevegeta- | Erosion liltager | 10-12° Hoj vandstand
tion fremherskende
Spredte individer af Pinus, Picea, Betula | Surt humuslag | Afta- Stigende vand-
Wi pubescens. Hede med Juniperus, B. nana,| og podsolering | gende stand (B, R)
Calluna, Empetrum. Urter alm. fremhersker 10-12°
Skov domineret af Picea, Pinus, Betula Afta- Lav vandstand Eem
h pubescens. Alnus ret almindelig gende (B, R) Inter-
glacialtid
Temperatur.

En oversigl over vegetationshistorie og klimaudvikling i Vestjylland i tiden, der
fulgte umiddelbart efter Eem Interglacialtiden, er vist overfor (sml. table 24, s. 115,

og kapitel V).

Som omtalt s. 155 er det onskeligt at kende temperaturen for hele aret. Vinter-
temperaturer kunde ikke bestemmes noje, men klimaet i almindelighed har sand-
synligvis varet ret oceanisk, og vegetationsperiodens lengde har sikkert varieret
parallelt med temperaturen for den varmeste maned. Mens @ndringer i sommer-
temperaturen ofte kan afslores med ret stor sikkerhed, kan absolutte gennemsnits-
temperaturer kun skonnes ud fra de biologiske data.

En storre nedgang i sommertemperaturen begyndte i en sen del af Eem Interglacial-
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tiden. Den fortsatte ved overgangen underzone W 2a-b, og et minimum ndedes i
underzone W 2b. Sommertemperaturen aftog sandsynligvis med 10°C eller mere.
Vegetationsudviklingen i underzone W 2c¢ viser en afgorende temperaturstigning, men
et nyt temperaturminimum naedes i underzone W 2d. I underzone W 2e og zone W 3
afspejler vegetationsudviklingen en ny stigning i sommertemperaturen, muligvis pa
6°C eller mere. Sommertemperaturen forblev ret hoj i zone W 3, W 4 og W 5, muligvis
13-15°C i Juli, eller mere, med en svag aftagen i underzonerne W 3b og d. Udviklingen
efter zone W 5 kendes ikke i detailler, men en senere nedgang i sommertemperaturen
er antydet, og den yngste del af serien ved Brorup er dakket af solifluktionslag (se
ogsa fig. 12, s. 133).

Luftfugtighed.

Det palaxobotaniske materiale oplyser ikke meget om nedberen, men denne var
utvivlsomt rigelig.

Oplysninger om mindre @ndringer i luftfugtighed kan fas fra angivelser af lokale
vandstands@endringer (sml. kapitel II). Saledes angiver en endring af den lokale
hydrosere til vadere forhold tydeligt en stigning af vandspejlet. Sidanne stigninger er
opfort pa side 116 (se ogsa side 160), hvor det kan ses, at hver stigning af vandspejlet
svarede til en aftagen af sommertemperaturen.

Pa den anden side kan en s@nkning af den lokale vandstand vanskeligt skelnes
fra den fremadskridende hydrosere i vegetationsudviklingen. Som det fremgar af
listen pa side 117 (sml. ogsa side 160), modsvares imidlertid hver stigning af sommer-
temperaturen af en @endring til et mere tort vegetationsstadium ved mindst én af loka-
liteterne. Dette kan naeppe veere tilfreldigt, og det antydes saledes, at en stigning i sommer-
temperaturen svarede til en senkning af vandspejlet.

Det ser altsa ud til, at der var en intim sammenhzeng mellem sommertemperaturens
@ndringer og svingninger i vandspejlet. Dette skyldes sikkert sommertemperaturens
indflydelse pa fordampningen.

Kronologi. Rodebzk Interstadialet og Brorup Interstadialet.

Det kan ses af det ovenstaende, at eendringer af sommertemperaturen udgjorde de
vigtigste klimazendringer i de her studerede tidsrum. Folgende wndringer kan anses
for nyttige for en afgreensning af krono-stratigrafiske enheder:

(1) temperaturnedgangen zone h-W 2b

(2) temperatursvingningen zone W 2b-c-d

(3) temperaturstigningen zone W 2d-3a

(4) temperatursvigningerne zone W 3a-b-c-d-e

(1) Temperaturnedgangen zone h-W 2b afbred vegetationssuccessionen i Eem
Interglacialet. Den forarsagede udbredelse af skovlos vegetation pa et vist tidspunkt
under temperaturseenkningen, og solifluktion fremherskede i zone W 2b. Temperatur-
nedgangen har utvivlsomt givet sig udslag udenfor Danmark, i vegetationsudviklingen,
udbredelse af indlandsis, forekomst af periglaciale faenomener og sendringer i havets
niveau. Denne klimaaendring danner siledes en passende greense mellem Eem Inter-
glacialtiden og Weichsel Glacialtiden.

(2) Rodebaek Interstadialet. Temperatursvingningen zone W 2b-c—d ud-
gjordes af en veasentlig stigning og sienkning af sommertemperaturen. Det varme tids-
rum beor derfor anses for et interstadial, lokalt Rodebewk Interstadialet. Det fulgtes af
temperaturminimet i underzone W 2d, hvor solifluktion var udbredt igen.

11
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(3) Brorup Interstadialet. Temperaturstigningen afspejlet i vegetationsudvik-
lingen zone W 2d-W 3 a var vasentlig, muligvis 6-8°C eller mere, og sommertempera-
turen forblev hej i zonerne W 3—W 5. Vegetationen reagerede ret langsomt, de forste
endringer kan spores ved overgangen W 2d-e, birkeskoven blev fremherskende ved
overgangen W 2e-W 3 a; men Larix, Pinus og Picea arterne indvandrede forst betydelig
senere, og de tempererede loviraeer niede ikke til landet. Denne temperaturstigning har
sikkert ogsd sat sig spor i et vidt omrade (sml. ovenfor). Det gunstige tidsrum afslut-
tedes tydeligvis af en betydelig temperaturnedgang, som dog ikke er kendt i detailler.
Det varme tidsrum ber anses for et storre interstadial i Weichsel Glacialtiden, Brorup
Interstadialet.

(4) Temperatursvingningerne i zone W 3 var sa ubetydelige, at de bor anses for
smé oscillationer indenfor Brorup Interstadialet.

Det ses siledes, at den ovre grense for Eem Interglacialtiden, og to interstadialer
fra tidlig Weichsel Glacialtid, Rodebzek Interstadialet og Brorup Interstadialet, kan
udskilles pa grundlag af de i nzerverende arbejde paviste temperatursvingninger.

Den kronologiske inddeling, som er foreslaet her, er sammenlignet med JESSEN og
MictHeERs' inddeling fra 1928 nedenfor (sml. table 25, s. 119). Det kan ses, at disse
forfatteres Stadium II med den ,,nedre tempererede flora’* svarer til Eem Interglacial-
tiden. Alle de yngre stadier henregnes til Weichsel Glacialtiden. Rodebaek Interstadialet
blev ikke udskilt af JESSEN og MILTHERS. Som omtalt i kapitel IV bestir JESSEN og
MictHeERrs' Stadium IV med den ,,ovre tempererede flora” fra Herning og andre
lokaliteter af omlejret interglacialt materiale og svarer til et koldt tidsrum. Stadium V
med den ,,ovre subarktiske flora’* svarer til det varme Brorup Interstadial.

JESSEN 0g MILTHERS 1928 (oversat) Nervaerende undersogelse
Sidste Koldt understadium
nedisning
V. Ovre subarktiske flora Brorup Interstadial Wl'eic.hse:l
IV. Ovre tempererede flora Koldt understadium Glacialtid

Rodebak Interstadial

II1. Subarktisk flora

Sidste Koldt understadium
Interglacial . Eem Inter-
II. Nedre tempererede flora glacialtid
I. Nedre subarktiske og Saale
arktiske flora Glacialtid

Intet Isfremstod fra Weichsel Glacialtiden kan korreleres direkte med den her be-
skrevne serie fra Vestjylland. Ved nedisningens maksimum ndede den skandinaviske
indlandsis omtrent til Brorup Hotel Mose.

VII. BEMAERKNINGER OM VEGETATIONEN I NV-EurRoPA
1 TIDLIG WEICHSEL GLACIALTID

Serier fra tiden efter Eem Interglacialtiden, der ligner de her omtalte fra Vestjylland,
er for nylig undersogt ved Amersfoort i Holland af ZacwuiN, og en felles kronologi
opstilledes af ANDERSEN, DE VRIES og ZAgwnN (1960). En oversigt over vegetations-
udviklingens hovedtraek i de to omrader er vist nedenfor (sml. table 26, s. 121).
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Bio-stratigrafi Krono-stratigrafi
Danmark (ANDERSEN) I Holland (ZAGwiiN) Alm. Kronologi
|
Lokale | Pollen ; | Pollen i Under- | Hoved-
underst. | zoner Vegetation ‘ zoner Vegetation stadier stadier
Wi Skov af Pinus, Betula og Picea ‘ ¢ | Pinus, Betula, Picea, Alnus
skov
}:&:‘_11) W4 Skov af Betula, Pinus og Picea EW IV ?k gcf‘:l, Pinus, Betula og Alnus Frft‘r:—]p
whadzal W3 | Skov af Betula pubescens T . stadial
a | Aben skov af Pinus og Betula,
Betula nana, B. pubescens, e o
e Picea tiltager
Populus, urter B L ) )
| Solifluktion fremherskende —— Subarktisk parklandskab med Weichsel
d Ew il Betula og Pinus t(.illucml-
| w b | Pinus-Betula skov T | Ameree |
4, . lEw i =22 Amers
Rodebzk vy 9 ) } a | Betula skov foort
Inter- ¢ | Betula nana, Juniperus, urter — ]
stadial b Aben skov og parklandskab, nter-
| meget Salix . ““‘h'ﬂ .
b | Solifluktion fremherskende EW I
a | Betula nana, Juniperus urter | 5 Subarktisk parklandskab med
W1 Subarktisk hede med spredte | hede. Pinus, Belula
tracer ‘
Tempereret skov [ Tempereret skov Eem
‘ Inter-
| glacial
‘ tid

Klimakurver for de to omrader sammenstilledes og navnene Amersfoort Interstadial
og Brerup Interstadial er foresliet brugt i en almindelig kronologi for de to varme under-
stadier (svarer til Rodebaek Interstadialet og Brorup Interstadialet i Danmark). Klima-
kurverne er gengivet i fig. 12, s. 133.

Det formodes at skovens forsvinden og udbredelsen af skovlese vegetationstyper ved
slutningen af Eem Interglacialtiden var temmelig samtidig i Nordeuropa. En hede-
vegetation betinget af sur jordbund fremherskede dbenbart i Nordeuropa, formentlig
pa grund af en fremadskridende jordbundsudvaskning i Eem Interglacialtiden. I de
koldeste tidsrum i zone W 2 (underzonerne b og d) har der sikkert vaeret isfremstod i
Skandinavien, og solifluktion fremherskede dbenbart ogsa syd for Danmark. Trafattig
vegetation fremherskede i Holland.

Under Amersfoort (Rodebak) Interstadialet var Danmark skovlest, men syd for
Danmark fandtes sikkert skov af nordlig type med Pinus og Betula, som det var til-
feeldet i Holland.

Under Brorup Interstadialet fremherskede skov af Befula, Populus og senere Larix,
Pinus, Picea abies og P. omoricoides i Danmark, og klimaet var sikkert ret varmt. Lig-
nende vegetation fandtes muligvis i Skandinavien. Pinus, Picea, Betula og Alnus fore-
kom i Holland.

Ved Amersfoort overlejres aflejringerne fra Brorup Interstadialet af aflejringer fra
middel og sen Weichsel Glacialtid.

Under den storste udbredelse af den skandinaviske is i Weichsel Glacialtiden niede
denne omtrent til Brerup, og wldre israndsstadier blev sikkert odelagl; men inter-
stadiale lag kan tenkes bevaret i det nedisede omride. I de folgende sider gives en
oversigt over sidanne kendte aflejringer og over lagserier fra nabolandene mod syd
og deres mulige korrelation med de ovenfor beskrevne understadier.

11*
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De fra Skerumhedeserien kendte planterester (JEsSEN, MiLTHERS, NORDMAN, HARTZ
og HesseELBOE 1910) antyder, at den marine serie er interglacial. Det ,,gule sand** fra
Ristinge Klint (MapsEN, NorpmaN og Hartz 1908) kan ifolge WENNBERG (1949) mulig-
vis tilhere et interstadial; men de fundne planterester er for sparsomme til at muliggore
en sammenligning med Brorup Interstadialet.

Som det iovrigt vil fremga af den givne oversigt (se den engelske tekst) kendes inter-
stadiale lag, der med sikkerhed er yngre end Eem Interglacialtiden, ogsa i Tyskland
og Polen. De interstadiale lag ved Loopstedt og Harksheide kan med sandsynlighed
henfores til Brorup Interstadialet. Andre af de omtalte planteforende aflejringer kan
ikke dateres, men visse af dem (se den engelske tekst s. 129) tilhorer muligvis Brorup
Interstadialet.

VIII. C'* DATERINGER

Man har i den senere tid, iser i Holland (pE VRiEs), forsogt at datere prover aldre
end 30-40 000 &r med C'* metoden. Den oprindelige radioaktivitet i sidanne prover
er ringe, og resultaterne pavirkes derfor let af forskellig forurening. C* dateringer i
dette aldersomriade ma derfor betragtes med forsigtighed.

Prover fra det her beskrevne materiale er sogt dateret ved denne metode. Aflejringerne
har veeret deekket af stillestiende grundvand, og redder af ung dato kan nappe have
forekommet. Derimod kan tilstedevzerelse af infiltreret recent humus ikke udelukkes.
Prover, hvor humus-indholdet ikke var fjernet, viste en aktivitet, som kan skyldes til-
stedeverelse af infiltreret recent humus (TAUBER og DE VRiEs 1958). Dette geelder
ogsd en prove dateret i U.S.A. (Y-257, se nedenfor). Prover fra Brorup Hotel Mose,
hvor humus-indholdet var fjernet (GRO-1264, 1263, K-526, GRO-1256, 1466, se listen
nedenfor), viste ingen aktivitet, der kunde méles med den anvendte metode, og de er
saledes @ldre end 40-50 000 ar.

Nye og sterre prover (fra BP 1a og BP 2) er blevet undersegt af pE VRriEs ved be-
rigelsesmetoden. Denne metode muliggor datering af prover, der har for lidt radio-
aktivitet til direkte méling med de eksisterende midler. Radioaktiviteten af proverne
beriges ved passage gennem lange diffusionssejler, indtil den er tilstreekkelig stor til
miéling, og da berigelsesgraden ogsd kan mailes, kan provens oprindelige aktivitet og
dens sandsynlige alder beregnes. Denne metode udvikledes af HARING, DE VRIES og
pE VRIES (1958), og den gor det muligt at datere prover af en alder op til ca. 70 000 ar;
men den er serdeles langvarig og besverlig, og kun et ringe antal dateringer foreligger.
Resultaterne ber derfor indtil videre betragtes afventende. Dateringerne GRO-1729
0og GRO-1470 nedenfor er malt pa berigede prover.

Folgende C* dateringer er opndet (i ar for nu):

Herning:
BP 5 Pollenzone W 3a  (4.62-4.73 m.) Y-257 19 580 +730
Pollenzone W 2e  (5.05-5.12 m.) Y-258-3 =30 000
Rodebek I:

BP 57 m. Pollenzone W 2¢  (2.99-3.10 m.) Y-259-1 =30 000
Se BARENDSEN, DEEVEY 0g GRALENSKY (1957).

Brorup Hotel Bog:
BP1 Pollenzone W 3d-e (2.85-2.90 m.) GRO-1264 >50 000
Pollenzone W 3c¢—d (3.37-3.48 m.) GRO-1263 >50 000
Pollenzone W 3b  (3.96-4.08 m.) K-526 >40 000
Pollenzone W 2a  (6.81-6.91 m.) GRO-1256 >50 000

Se TAUBER og DE VRIES (1958).
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BP1la Pollenzone W 3¢ GRO-1729 58 740 1000
BP 2 Pollenzone W 5b-¢ (2.64-2.70 m.) GRO-1466 >50 000
Pollenzone W 4 (3.22-3.30 m.) GRO-1470 59 430 21000

Se ANDERSEN, DE VRIES 0g ZAGWILIN (1960).

De opniede dateringer af de berigede prover (GRO-1729 og GRO-1470) er sa nar
hinanden, at de 1 betragtning af fejlkilderne er ens. I virkeligheden er proven GRO-
1729 (pollenzone W 3¢) @ldre end GRO-1470 (pollenzone W 4); men aldersforskellen
mellem de to prover kan have veret ganske ringe.

Pollenzonerne W 3¢ og W 4 tilhorer Brorup Interstadialet, og dateringerne viser
derfor at dette Insterstadial sandsynligvis skal dateres til ca. 59 000 ar for nu. Den
naeste datering fra Weichsel Glacialtiden i Danmark er fra Allerod Interstadialet,
11 880 + 340 ar for nu (K-106, ANpDERsON, LEvi og TAuBer 1953, IVERSEN 1953).
Bolling Interstadialet ligger forud for Allerod Interstadialet, det er i Holland dateret
til ca. 12 300 ar for nu (pE VRiES, BARENDSEN 08 WATERBOLK 1958). Der forlob sa-
ledes formentlig 50 000 ar mellem Brorup Interstadialet og Bolling Interstadialet. Om
dette tidsrum i Danmark ved vi kun, at det indeholdt Weichselnedisningens maksimum.

Palaotemperaturkurver for Weichsel Glacialtiden i Danmark og Holland er vist i
fig. 12 (s.133) .I Holland er Amersfoort (Rodebaek) Interstadialet dateret til 64 000 -
1000 ar for nu (GRO-1397, beriget prove, ANDERSEN, DE VRIES 0g ZAGWLIN 1. ¢.). Det
antydes saledes, at det kolde understadie mellem Amersfoort og Brorup Interstadialet
varede omkring 3000 ar. Langden af det kolde understadie, der adskilte Amersfoort
Interstadialet fra Eem Interglacialtiden er ukendt; men det kan anslas, at Eem Inter-
glacialtiden muligvis sluttede for ca. 70 000 ar siden. Weichsel Glacialtiden varede
siledes formentlig omkring 60 000 ar.

Fra Moustérien-fundpladsen ved Lebenstedt i Nordtyskland foreligger en C1%
datering til 48 300 2000 ar for nu (pE Vries 1958). Den daterede prove stammer fra
en kuldeperiode, og hvis dateringen er riglig, viser den, at Brorup Interstadialet af-
sluttedes for dette tidspunkt.

En vedprove fra aflejringen ved Chelford, England (se s. 128), er af pE VRiEs dateret
til 57 000 ér for nu (beriget prove, Simpson og WEST 1958). Denne datering stemmer
med en korrelation af aflejringen med Brorup Interstadialet (s. 129).

Fra Agro Pontino ved Rom kendes en interessant datering af en stamme af Abies alba
til 65 000 ar for nu (beriget prove, BLanc 1958). Abies-stammen fandtes over en strand-
aflejring fra den tyrrhenske transgression og markerer en temperatursenkning, som
formentlig svarer til Weichsel Glacialtidens forste kolde tidsrum.

EmrLiant (1958) fremstillede en kurve for temperaturvariationer i overfladevandet
i Nordatlanten i Pleistoceentiden. Temperaturseendringerne er dateret ved C!4 be-
stemmelser 20 000 ar tilbage; men arstal derudover er fundet ved ekstrapolation, og
er derfor noget usikre. EmiLiant (. ¢.) korrelerede en reekke temperaturminimer mellem
—10 000 og —70 000 ar med sidste glacialtid. Hvis denne korrelation er korrekt,
svarer temperaturminimet mellem —60 000 og —70 000 ar (Emiuiant's stadium 4)
dbenbart til det kolde tidsrum, der adskilte Brorup Interstadialet fra Eem Interglacial-
tiden. Amersfoort (Rodebak) Interstadialet var dbenbart for kortvarigt til at blive
markeret pad kurven.
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Plate 1.

Larix sp., leaf epidermis with stomata, 500 x (see description
on p. 22). Pollen zone W 4. Brorup Hotel Bog.

Larix sp., pollen grain, 500 (see description on p. 22).
Pollen zone W 4. Brorup Hotel Bog.

Elisma natans, achenes, 20 x (see description on p. 23)
Pollen zone W 3. Brorup Hotel Bog.

Elisma natans, pollen grains, 1000 x (see description on
p. 23). Pollen zone W 3b. Brorup Hotel Bog.
6: focus 2 (phase contrast, note: indistinet annuli, muri with

densely crowded columellae). 7: focus 1 (note: indistinct annuli)
8: focus —1 (note: coarse microechini).
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Plate II.

Scleranthus perennis, pollen grain, 1000 x (see description
on p. 24). Pollen zone W 2¢. Brorup Hotel Bog.

1: focus 0 (note: perforalions seen in negative as small black
dots). 2: focus 2 (note: coarse columellae, annuli).

Astragalus danicus, pollen grain, 1000 < (see description on
p. 26). Pollen zone W 2e¢. Brorup Hotel Bog.

3: focus 1 (note sculpture). 4: focus 5 (note: pore configuration).

Swerlia perennis, pollen grain, 1000 (see description on
p. 25). Pollen zone W 2a. Brorup Hotel Bog.

5: focus 0 (note: irregular striation, perforations seen in negative
as dark dots). 6: focus 1 (note: perforations seen as white dots).
7: focus 2. 8: focus 5.
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Plate III.

Teucrium montlanum, pollen grain, 1000 < (see description
on p. 25).

1: focus 2 (note: columellae, microechini). 2: focus 5 (note:
tectum thickened near the poles).

Linum austriacum type, fragment ol a pollen grain, 1000 x
(see description on p. 27). Pollen zone W 2d. Brorup Hotel
Bog.

3: focus 2 (note: transect of verrucae). 4: foc 5 (note: flat-topped
verrucae).

Plantago lanceolala, pollen grain, 1000 x< (see description
on p. 42). Pollen zone W 2e. Herning.

5: focus 1 (note: microechini). 6: focus 3 (note: annuli). 7: focus
1 (phase contrast, note: microechini). 8: focus 2 (phase contrast,
note: columellae, operculum).
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1-2.

3-17.

Plate IV.

Plantago maritima, pollen grain, 1000 x (non-annulate type,
see description on p. 42). Pollen zone W 3a. Herning.

1: focus 1 (note: microechini, granulate pore). 2: foc 5 (note:
non-annulate pores).

Plantago maritima, pollen grain, 1000 x (annulate type, sce
description on p. 42). Pollen zone W 2¢. Rodebak 1.

3: focus 1 (note: microechini, annuli). 4: focus 5 (note: annuli).
5: focus —1 (note: granulate pores). 6: focus 1 (phase contrast,
note: microechini). 7: focus 2 (phase contrast, note: columellae).

Symphylum sp., pollen grain, 1000 (see description on
p- 23). Zone W 4. Brorup Hotel Bog.
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PLATE YV

Substantia humosa (humous substance)

Turfa lignosa (tree roots, stumps, etc., strongly decomposed)

Turfa herbacea (herbaceous roots, etc. strongly decom-
posed)

Turfa herbacea (herbaceous roots, etc., slightly decom-
posed)

Detritus herbosus (herbaceous plant fragments)

Detritus granosus (coarse-detritus)

Limus humosus c. detritu (fine-detritus + much humous
substance)

Limus humoso-detrituosus (fine-detritus + some humous
substance)

Argilla (mineral particles, <0.06 mm., clay and silt)

Grana arenosa -~ saburralia (mineral particles, 2.0-
0.06 mm., sand)

Grana glareosa (mineral particles, 20.0-2.0 mm., gravel)

Plate V.

Signatures for sediment components (see the text, p. 12).

Signaturer for sedimenternes bestanddele (se s. 12).
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PLATE VII

BRZRUP HOTEL BOG BP 2 (sTA)
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2,50 0 20 40 g 60 . 80 10 QP 59 050505 075 0 10 0 10 20 0 10 20 39 0 10 20 30 O 19 20 30 40 S0 60 O 10 20 30 0 0 O 10 20 0 10 050 40 O 10 0 10 O 10 20 O 10 20 0 10 O 10 O 10 O 10 O 10 05050 10 O 10 050505 0O 0 0 10 O 10 0505050 10 20 30 O 10 20 30 40 50 O 10 20 0O 10 20
o BINN/R/ER i / /AN NN el | | i
N . L i
Plate VII. |/ | \ [ ] | \ [ / e [ le]
Pollen diagram. Brorup Hotel Bog. BP 2 (STA). L ~— \ ] — \C l E ﬁ\__. /I [ 4 b b| [
Y I — _— —
See explanation to Plate VI. The pollen content of layer D is NE1 / /[ \ \ / W < |WH
contaminated with rebedded pollen (p. 61). \ / F | / /— b ~ & 5 I ¢ 5
Se plate VI. Pollenindholdet i lag D er blandet med omlejret / 3 S T M — I
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Plate VIII.
Section. Rodebzk I.
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Plate X.
Profiles at BP 1-5 (STA). Herning.

The location of the borings are indicated on the map, fig. 10
(p. 66).
Boringernes beliggenhed er vist pa kortet fig. 10 (s. 66).
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Plate XI.
Pollen diagram. Herning BP 1 (STA).

See explanation to plate VI. The pollen content of most of the
layers is contaminated with rebedded pollen (see p. 70).

Se forklaringen til plate VI. Pollenindholdet i de fleste lag er
blandet med omlejret pollen.

Pollen totals: 1.20 m: 413. 2.98 m: 495. 3.22 m: 566. 3.40: 559.
3.52: 446. 3.60 m: 583. 3.92 m: 456. 4.21 m: 600. 4.49 m: 581. 4.67 m:
503. 5.10 m: 452. 5.50 m: 371. 6.00 m: 522. 6.50 m: 997. 6.77 m: 1050.
6.90 m: 920. 7.10 m: 1059. 7.15 m: 1151. 7.31 m: 1030.
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PLATE XII

HERNING BP 3 (STA)
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Plate XII.
Pollen diagram. Herning BP 3 (STA).
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See explanation to plate VI. The pollen content of most of the 4,00
layers is contaminated with rebedded pollen (see p. 70).
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8.33 m: 954. 8.45 m: 1043. 8.65 m: 500. 8.80 m: 949. 8.83 m: 1122.
8.90 m: 1161. 8.98 m: 1060.
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PLATE XIII

HERNING BP 5 (STA) Diagram 1
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Plate XIII. 6,001 ; H 6,00
Pollen diagram. Herning BP 5 (STA) Diagram 1. H ‘ H
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Average frequencies for pollen and spore types. Salix (643) Thalictrum (81) Picea (602)

Gennemsnitsfrekvenser for pollen og spore typer.
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See the explanation on p. 81. The figures in brackets indicate Chenopodiaceae (33)
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