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PREFACE 

In 1928 KN UD J ESSEN and V. MILTHERS published their monumental study of int er­
glacial fresh-water deposits in Denmark and Northwest Germany. This work, the 
palaeobotanical part of which was ca rried out by K . .T ESSEN, continued the tradition 
established by N. HARTZ, in 1909. However, its pollen-analytical part represented a 
pioner work still of grea t importance for studi es 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 techniqu e would be desirable 
and promising, and it was with high expectations that the present author in 1954 
undertook thi s project. In the years 1954 to 1959 the work was supported by the DANISH 
STATE RES EARCH FOUNDATION 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 JESSEN and :MrL­
TI-IERS. A re-study of this problem seemed especially desirable, and th e 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-0RSTED 
FoNDET and APOTHrnER P. C. N. FRIDEHICHSENS LEGAT. 

I th ank Professor l<NUD JESSEN, Director H . 0ouM, and Stale Geologist Jotis. lvERSEN 
for promoting the project, and especially Dr. lvEHSEN for his stimulation o[ the \\·ork . 

Colleagues a t the Geological Survey have o!Tered valuable help, first of all th e lat e 
Stale Geologist l< ELD MILTII EHS. I thank Stale Geologist W. C11msTENSEN and Chemist 
IC S1wusn0LL HANSEN for the chemical analyses, and discussions o[ th e result s. 
C. vVESTERGAAHD has o!Tered excellent assistance with th e photographic work. Special 
thanks go to th e boring team o[ the Geological Survey, with whom I have s pent many 
rainy and wind-swept clays, especially to J. SPANG N1ELSEN, boring master. His ca reful 
and accurate work created a foundal.ion for the en tire s tudy. 

Numerous recent pollen samples have been collected at the BOTANICAL ~! usEuM 
OF TII E UNIVERSITY OF COPENHAGEN. 

Miss INGEBORG FHEDERmS EN has drawn the comp licated profiles and pollen diagrams. 
Her skill and care have been invaluable. 

I gratefully acknowledge th e cooperation of th e late Professor H. DE VRIES, Gro­
ningen, Professor E. S. DEEVEY jr., New Haven, and H. TAUBER, civil engineer, 
Copenhagen, in carryi ng out the radiocarbon dates mentioned in chapter VIII. 

Dr. JOHN FRANKS of th e University of Manchester has helped invaluably in correcting 
the English manuscript. 

The English manuscript was completed June 1960. 

Geological Survey of Denmark, 16. November 1960. 
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CONTENTS 

Abstract .... 
I. Introduction 

II. Methods . . 
Sampling Techniques . 
Descriptions of the Sediments 
Pollen Analyses . . . . . . 

Preparation of the Samples . 
The Pollen Diagrams 
Pollen Zones . 

III. Identifi cations . . . 

7 
9 

12 
12 
12 
15 
15 
15 
16 
19 

General Remark s 19 
Pteridophyla 21 
Gymnospermae . . 22 
Angiospermae 22 
Species Identifica tions of Pollen and Spores by Statistical Methods 29 

lsoeles, p. 30, Picea, p. 33, Betula, p. 35, Empelrum, p. 38, Plan/ago, p. 41 
IV. Descriptions of the Sites and th e Pollen Diagrams 47 

Brorup Hotel Bog . . . 47 
Sediments . . . . . 4 7 

Chemical Analyses 48 
Pollen Analyses . . . 50 

Rebcdded Pollen . 50 
Pollen Zones 

Hodeb:£k I .... 
Sediments . . . 
Pollen Analyses . 

Rebedded Pollen . 
Pollen Zones 

Berning .... . . . 
Sediments .... . 

Chemical Analyses 
Pollen Analyses . . . 

Rebedded Material 
Pollen Zones 

Norbolling 
Sediments ... 
Pollen Analyses . 

Pollen Zones 
Solso ... 
Conclusion . . . . 

55 
61 
Gl 
63 
63 
63 
65 
65 
69 
70 
70 
71 
74 
74 

7-l 
75 
75 
,6 



V. Vegetation and its Environment in Western Jutland in the Po!Jen 
Zones W 1- W 5 . . 78 

General Remarks 78 
Zone W 1 . . . 81 

Sediments . 82 
Temperature 82 
Precipitation 83 
Soil. . . 84 

Zone V--l 2 . . . 85 
Sediments . 85 
Temperature 87 
Soil and Precipitation 91 

Zone \V 3 . . . 94 
Sediments . 94 
Temperature 94 
Precipitation 99 
Soil . . . 100 

Zone W 4. . . 101 
Sediments . 101 
Temperature 101 
Precipitation 102 
Soil . . . 103 

Zone W 5 . . . 103 
Sediments . 103 
Temperature 103 
Soil and Precipitation 104 

Zone \N x. . . . . . . 105 
The Flora List . . . . . 106 

VI. Climate and Chronology of the Early Wcichsclian Glacial in 
Western Jutland . 11 3 

Terminology 113 
Temperature 11 4 
Humidity . . 116 
Chronology. The Rodeb::ek and the Brnrup lntcrstadials 117 

VII . Remarks on the Vegetation of North ern Europe during the Early Weichselian 
Glacial a nd Correlation of Early Weichsclian Deposits in that Arca . 120 

Denmark 122 
Sweden. 122 
Germany 125 
Poland . 127 
The Netherlands 128 
En~and 128 

VIII. Radiocarbon Dates 130 
Tables 27- 33 . . . . . 135 
Dansk sammendrag: Vegetationen og dens kar i Danmark 

Glacialtid (Sidste Istid) . 
Literature . 
Plates I- XV 

tidlig W cichscl 
152 
166 



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" se parated by clay layers 
("Middle Bed"). The existence of an upper temperate stage has been doubled by some 
a uthors. The "Lower Temperate Stage" is now usually considered the Ecmian Inter­
glacial, and the post-Eemian layers have been referred to the Last Glacial of Northern 
Europe, or the Weichsclian Glacial , which may be defined as th e time interval, which 
separated th e Eemian Interglacial from th e Poslglacial. 

Methods of investigation are described in the chapters II~III . The basis for establi shing 
th e pollen diagrams is discussed, and it is maintained that th e pollen zones should be 
considered bio-slratigraphic units. Problems in the identification of pollen grains and 
spores arc d iscussed, and selected identifications are mentioned briefly. Statistical 
observations are mentioned in a special part. 

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

The chapter on th e 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 interglacial s constitute mai n stages, 
and stad ials and inlerstadials arc considered substages within the glacials. Vcgetalional 
success ion and climatic changes within the sequence studied are summarized in table 24 
(p. 115). The limit between the Eemian Interglacial and the Weichsclian Glacial is 
distinguished as a large decrease of temperature. The Rodebrek and the Brorup Intcr­
sta<lials, two intcrstadials within the early Weichselian Glacial, are delimited by 
temperature changes. Some of th e layers earlier referred to th e "Upper Temperate 
Stage" mentioned above belong to th e Brorup Interstadial. 

The probable composition of the vegetation in Northern Europe in th e early ·w eich­
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 th ese sequences. 

Finally, radiocarbon dales arc mentioned. The Amcrsfoort (Rodebrek) Interstadial 
is dated at 64 000 yea rs 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 EMILIANI's palacotempcraturc curve. 



I. INTRODUCTION 

KN uo J ESSEN and V. MrLTHERS1) in their survey of interglacial freshwater deposits 
in Jutland and Northwest Germany (J &M 1928), presented pollen diagrams from 
2 sites in \Veslern Jutland from Lhe Penullimale Inlcrglacial, and from 13 sites, which 
could be dated to the Lasl Interglacial with certainly. These authors showed that 
similar vegetalional successions characterize deposits of similar age in North Germany. 
Il appeared thal each interglacial had ils own characteristic succession, and pollen 
analysis thus proved to be a useful tool for lhe dating of !ale Pleistocene pollen bearing 
deposi ts. Later investigations have demonstrated Lhe validity of Lhe principle of regional 
parallelism for interglacial pollen diagrams from Northern Europe (see especially 
surveys by GAMS 1935, SELLE 1941, 1953a, \VoLDSTEDT 1949, 1950, 1954a, VAN DER 
VLERI{ and FLORSCttUTz 1953, SzAFER 1953, DYAKOWSI<A 1959, GRITCHUI( 1955, and 
works by WEST 1956, 1957, DurGAN 1956, JESSEN, ANDERSEN and FARRINGTON 1959, 
WATTS 1959). The pollen analytical investigations have also confirmed th e reference 
of the Ecm marine transgression lo Lhe "Lower Temperate Stage" of the Lasl Inter­
glacial (cp . the works quoted above) . 

J & M (I. c.) included Lhe "Upper Tempera le Stage" al Berning into the Last Inter­
glacia l, bul they did not succeed in dcmonslraling such a stage outside of Denmark . 
Climatic oscillations post-dating Lhe Ecmian Interglacial have been demonstrated from 
a number of fi elds no\,·, but no later investigations of posl-Eemian sequences from 
Northern Europe have revealed clear indications of a warm stage with a vegetation 
and flora similar lo th at of Lhe "Upper Temperate Stage" al Hcrning, which \YaS 

characterized by high frequencies for the pollen of Quercus, Cory/us and Alnus, (see 
chapter VII). Hence, only Lh e interval represented by Lhe "Lower Temperate Stage" 
al Berning (corresponding to the pollen zones c- h of Lh e classic pollen diagrams of 
J &M) is now usually cons idered lo represen t the Eemian Interglacial, and Lh e following 
stages have been referred lo the Lasl Glacial of Northern Europe (Tubantian, Weichse­
lian, Baltic or Waldai Glacial, cp. WoLDSTEDT 1949, 1953, and later, SELLE I 952, 
1953a, VAN DER VLERI( and FLORSCHVTZ 1953, FLORSCH VTZ 1957 , VAN DER YLERK 1955, 
1957, 1959, SzAFER 1953, DYAKOWSKA 1959, ZEUNER 1954, GRITCHUK 1955, VON DER 
BRELJE 1955) 2

). 

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

') For convenience these authors will be abbreviated J & M in lhe following. 
2

) "'Weichselian Glacial" will be used in the following for the cold interval which separated 
the Eemian Interglacia l from th e Postglacial (see also p. 114). 
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pollen of definitely Tertiary age. THOMSON (I. e.) recognized these upper layers as re­
deposited material brought into the basins by periglacial erosion during a following 
cold interval, and mentioned the possibility Lhal lhe " upper temperate horizon" at 
Berning and other sites described by J &M had formed in a similar way (cp. also 
WoLDSTEDT 1949 and later). 

Conditions similar lo those from Ringen and Wallensen are known from the famous 
interglacial deposits al Boxne in East Anglia, England, loo. During the investigations 
of REID (1896) a bed of clay mud (bed C) with fruits and leaves of arclic as well as 
temperate plants had been found above the interglacial deposit. REID O. c.) assumed 
that this layer had formed during an arclic interval, and Lhal the remains from temperate 
plants had been derived by erosion of older deposits, an opinion, which was confirmed 
by th e studies of WEST (1956). According lo WEST (I. c.), Mom's concept of an "upper 
temperate horizon" was based on a misinterpretation of weathered marginal parts of 
lhe interglacial deposit proper. Based on his own and REID'S observations from lhe 
sequence at Boxne WEST (l. c.) also advanced the opinion that the " upper temperate 
horizon" at Berning and other sites in Jutland could have formed by periglacial 
erosion processes similar lo those having taken place at Boxne. 

Improvements of the technique of pollen analysis during the past 30 years made it 
clear Lhal 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 lo obtain saticfactory pollen spectra from deposits of clay and sill, 
a realization of the sign ificance of non tree pollen , and the discovery Lhal 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 lhal con­
fidence in th e potentialities of pollen analysis lo refl ect th e character of earlier vegeta­
tion and its environment has increased substantially. Especially the interpretation of 
lhe relationship of pollen representation and environmental factors in th e Lale-Glacial 
(cp. especially IVERSEN 1954) is important for an understanding of the present problems. 

Another point of improvement is the boring technique. The deposits in question are 
difficull lo sample, and J &M (I. c.) themselves expressed disco ntent 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 nol 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 al 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 
(1957 a) and in ANDERSEN, DE VRIES, and ZAGWIJN (1960). The investigations were 
concentrated on the interglacial sites al which the "Upper Temperate Stage" was 
represented according lo the investigation of J &M (1928), namely Br0rup Hole! Bog, 
Rodebmk I, Herning and Norbolling. New borings have also been carried out at the 
site Solso. Al th e sites mentioned the strata described by J & M could be re-identified. 
The inves tigation of the Eemian Interglacial layers has nol been fini shed, and only 
the sequences above them have been examined in detail. Evidence of a rise of the 
water table al the end of the Eemian Interglacial was found (cp. also J &M 1. c.), and 
al all of the sites investigated the mineral strata found above th e interglacial layers 
were deposited in water in the central parts of the basins. Their marginal parts were 
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often developed as solilluclion deposits. II appears, accordingly, that allochlonous 
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 lhe 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 
ofTer an unusually complete record of the development during the early Weichselian 
Glacial. At this site rebedded pollen is absent or sca rce in the layers that represent 
the pollen zones W 1 and W 3-5 (see below p. 16), but in zo ne \V 2, which is represented 
by principally mineral layers, rebedded pollen is obviously present, and a separation 
of prim ary and secondary pollen is necessary if information about th e con tempora ry 
vegetation is lo be reached. Obvious difficulties exist, however. lvERSEN's method for 
a calculation and deduction of secondary pollen in Late-Glacial deposits (1936 a) 
depends on a kno\dedge of th e pollen content of the source of erosion and cannot be 
used here. A more indirect method has been used as objectively as was poss ibl e, and so me 
results have been reached, but the method may seem elaborate. At the other sites 
mentioned th e contamination with rebedded material has proved to be severe, and 
within these profiles reli able results co uld be obtained only for relatively short tim e 
interYals. 



II . METHODS 

SAMPLING TECHNIQUES 

The new borings were carried out in 1954 to 1958. As they were carried out al 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 Rodebrek I and at Heming. At Rodebrek I the section is nearly identical 
to the previous ones. At Heming a few revisions occur (cp. p. 68). 

The sampling was carried out with a core sampler. The cores were taken in adrnnce 
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 tak en, depending on the hardness of the sediment. In most 
cases only 1- 3 cm. of sedim ent were lost between th e cores. Only sands and gravels 
without a fine-grained fraction could not be sampled. 

The sampling method used has secured undi sturbed samples of high purity, but the 
samples obtained were rather small. As materi al had to be saved for chemical analysis, 
radiocarbon measurements, or other purposes, the amounts available were loo small 
for macrofossil analyses, especially as th e sediments encountered were rather poor in 
such fossils. J &M (J. c.) in their investiga tion analyzed much larger amounts of mal.erial 
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 DE VRIES 1958 and p. 131) were obtained from the uppermost pea t layers al Brorup 
Hotel Bog (BP 1 a and BP 2, STA, cp. p. 47) with a larger core sampler. The diameter 
of th e 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 deposits concerned by excavations, 
but long profiles have not been accessible. 

DESCRIPTIONS OF THE SEDIMENTS 

The sedim ent sequences will be described in chapter IV. The layers subj ected lo a 
closer analysis have designations of sediment components indica ted according lo the 
system proposed by TROELS-SMITH (1955, slightly modified) . Symbols for the sediment 
components have been used in the profile drawings as in TROELS-SMITH (I. c., slightly 
modified) . Abbreviations and symbols for the sediment components are indicated on 
plate V. 

The classification of sediments according lo TROELS-SMITH (I. c.) is based on the 
relative proportions of th e volumes of th e components. The degrees of proportions are 
usually sufficiently coarse for an estimate in the field or during preparation of the 
samples for pollen analysis (sec p. 15). 
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In cer tain cases it has been important lo know th e amount of allochtonous mineral 
m ail er more exactly. As silicates dominate the mineral proportion of the samples (for 
details, sec chapter IV), the content of allochtonous minerals could be es tim a ted by 
d eterminations of mineral versus organic content. 

Organic co ntent wa · determined as loss on ignition and by determination of " humus" 
content. The determin ation of loss on ignition ca n be ca rri ed out even on very small 
samples, and is used widely as a meas ure of organic content. In addition to organic 
m atter , C02 derived from ca rbonates, S from ferrosulfides, a nd chemically bound 
water en ter this quantity . Ca rbonates and ferrosulfides a rc virtually absent in the present 
cases (see pp. 48 and 69) , but ch emically bound water co nstitutes 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 dichromale, 
and the " humus" content calculated according to the methods d escri bed by BoNDORF 

(1945). The calculation factor ( x 1.72) used by BoNDORF (I. c.) is presumably some­
what too small in th e present cases (cp. HANSE N 1959). Pairs of determinations of 
organic con tent by the two m ethods just described are shown in table 1. 

Table 1. Determinations of th e loss on igni tion 
and "humus" content (see the text). 

The fi gures indicate percentages of the dry weight. 
Bestem melser af gl0detab og " humus"-i ndhold 

(se teksten). 
Tallene angiver procenter af t0rvmgten. 

Loss on "H umus" 
ignition content 

13rnrup 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 dilierences 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 r egard to this material that the true organic content is 
approximately intermediate b etween the figures reached by the determinations of the 
loss on ignition and th e " humus" co ntent, and that it dillers from these figures by only 
a few per cent. The deta iled resulls of the determinations will be discussed in chapter IV. 

The main part of the mineral m alter must be assumed to have been transported into 
the lak es. Its proportion in the sed iments must h ave depended on wave erosion , extent 
and rapidity of affiuenls, extent of superficia l erosion within the catchment area, and 
on the intensity of organic production in the lakes. Material transported by wind 
could not be demonstrated in significa nt qua ntities. F igures for th e min eral content in 
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,,humus" 

content 
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% 

Loss on ignitiDn 

Fig. 1. Correlation of loss on ignition and "humus" content in th e samples from 13rnrup 
Hotel 13og ( e ), and from Herning (A), in percentages of the dry weight. 

Korrelation af gl0detab og ,, humus" indholcl i prnver fra Brnrup Hotel ~lose (e ) og fra 
Heming (A), i procent af torv::egten. 

s imilar sediments in present-d ay Danish lakes may be found in HANSEN (1959). 
Au toch tonous peats very often co ntain little or no mineral ma tter. FREY and STAHL 
(1958) have shown that th e production of organic matter is low in arctic lakes (cp. also 
F JERDI NGSTAD 1954, FREY 1958), and predominan ce of min eral sedim enta tion in lakes 
in con nection with a cold climate is welJ known for Lale-Glacial profiles. LIVINGSTONE 
(1957) has shown for Linsley Pond in Eastern United States th at an excess of mineral 
content (loss on ignition less th an 15% ) in the deepest layers was due lo alloch tonous 
influx in conn ection with lack of forest and a cold climate. 

A high mineral con ten t may be connected with presence of rebedded pollen and 
spores. IVERSEN (1936 a) showed for Late-Glacial sediments that ther e may be a close 
correlation between their conten t of allochlonous mineral mailer and the occurrence of 
r ebedded pollen and spores . In the material discussed h ere 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 aUochtonous min eral matter 
and the occurrence of rebeddecl pollen and spores . 

In certain cases the grain size of the mineral fraction was determin ed by mechanical 
a nalysis. However, such a procedure was impossible where organic content exceeded 
15- 20% . 

The composition of the sediments and their content of remains of local plants may 
give information about the degree of wetness, th e succession of th e local vegetation, 
and changes in th e local environment. Thus changes of water level may be reflected. 
The deposits studied here form ed in depressions without major affluen ts or outlets. 
Their water level depended , accordingly, lo a high degree on precipita tion , evaporation, 
and run-oJT from th e catchment areas. The run-oJT may depend on many factors such 



15 

as size and topography of the catchment area, tex ture of the soils, precipitation and 
evaporation, but changes in the amount of run-ofT arc 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 
climati c 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 int errelated 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 summari zed as follows, 

(1) Boiling with 10% KOH for 6 minutes (in water bath). 
(2) Removal of sand by decanting, and of coarse-detritus by sieving. 
(3) Boiling with 40% HF for 5- 10 minutes . Heating with 10% HCI. 
( 4) Boiling with 10 ml. acetic anhydride + 1 ml. cone. H 2S04 for 1 minute (i n 

wat er bath). 
(5) Washing with glyccrin and staining with fuchsin. 

The materi al was mounted in glycerin. The slides were kept unscaled . All measure­
men ts were carried out shortly after the preparation to avoid swc!Jing (cp. ANDEHSEN 
1960). . 

The Pollen Diagrams. 

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

The pollen di agrams illustrate th e relative frequencies of pollen and spores in­
corporated in the sedimen ts. In pollen analysis it is usually attempted to eliminate the 
influence of facies by omillance of pollen and spores produced by pl ants from the 
local basins, where the deposits formed, from the basis of calculation . Each taxonomic 
unit identifi ed from polJcn 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 gro und water level, 
and (3) only plants preferring water-logged soils. Pollen and spores from pla nts pre­
su med to belong to group (3) have been omitted from the pollen totals, as th ey may 
be overrepresented in most of th e sediments due to pollen or spores, which fell or 
sa nk from the parent plant directly into the sediment. The plants from gro up (2) may 
have become overrepresent ed in the same manner, but th ey do not seem to he seriously 
overrepresented in the lacustrine sediments. In such deposits the curves fo r e. g. the 
Gramineae and the Cyperaceae follow the frequencies for herbs fro m group (1) (e. g. 
Arlemisia , Rumex acelosel/a). In the peals, the plants from th e groups (2) and (3) are 
very likely to become overrepresented by pollen or spores dispersed from individuals 
th at grew locally. Here the influence of facies may become prevalent, and it may be 
impossible to obtain a picture of the vegeta tion outside of the basin. In the present 
pollen diagrams maxima of the Cyperaceae poll en al certain levels correspond to peat 
layers, and clearly indicate local overrepresentalion . 
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The pollen totals comprise abo ut 1000 pollen grains and spores, except for some of 
the samples from Heming, where the totals comprise about 500 pollen grains and 
spores. The figures are indicated in th e text at the pollen diagrams. 

The percentages shown in the pollen diagrams are based on numbers directly without 
reduction lo eliminate the efiect of the different pollen production rates of the plants 
represented (cp. i. a . F,EGRI 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. IV ERSEN (1947) compared the pollen content 
in lake sediments with the composition of the vegetation in Greenland. According to 
this study it appeared that Belula nana was overrepresented in lhe pollen flora of Lb e 
lake sediments, and that Sa/ix, Ericaceae (Calluna absent) , Gramineae and Cyperaceae 
were underrei:resentcj_ there. Empelrum hermaphrodilum was represented equally in 
the pollen flora and in the general vegetation. However, no species of trees occur in 
the area investigated by IVERSEN (I. c.). Scattered individuals of trees such as Pinus 
silveslris and Be/11/a pubescens may become overrepresented because of intense flowering 
due lo full illumination, or they may produce very few flowers du e to low temperatures. 
Insect pollinated herbaceous plants are certainly undcrrepresented. 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 + shrubs, 
herbs and Erica/es with special curves for Be/11/a and Cyperaceae . Part B illustrates in 
silhouelles the frequencies for plants belonging to the groups (1) and (2) mentioned 
above. The curves have been arranged according to earliest maximum frequencies 
within th e diagram. They have bee n numbered, and the numbers will be indicated 
in the description of the pollen diagrams in order lo facilitate the reading of the diagrams. 
Part C illustrates the rela tive freq uencies of pollen and spores from local plants. They 
have been calculated on basis of th e 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 difier ent 
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 Tclmatophytes, cp. IVERSEN 1936 b) 
are shown. They include 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 microfossils have been counted only exceptionally. Algae especially occur 
usually in highly varying modifications, and a quantitative examination will r equire 
special techniques (cp. IVERSEN 1954, FJERDINGSTED 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 biostratig.raphic units 
(cp. HEDBERG 1954). As it is possible to minimize the influence of facies (see above), 
the pollen zones do not refer to th e local basins. Their .borders may be synchronous 
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and pollen zones may be useful for lime correlations in a limited area, but pollen zones 
cannot be considered to be Lime units in a wide area, and Lime units must be distin­
guished on some other basis (see also p. 113). Pollen zo ne borders may rellect climatic 
changes, hut they cannot always be assumed lo coincide with the climatic changes, as 
there may be a time lag between such a change and its response in the vegetation. 
Thus VAN DER HAMM EN (1951) discussed th e conventional Lale-Glacial zone borders 
in North ern Europe and concluded that some o[ th em may be assumed to rell ecl a 
clim atic change directly (i. c. a decrease in the summer temperature), but that others 
refl ect th e reaction o[ th e Yegetation to a climatic change, which look place somewhat 
earli er (cp. also IVERSEN 1954) . 

J & M (1928) established their pollen zones for the Eemian Interglacial and th e 
followin g sequence al a lime, when the significance of non-tree pollen had not become 
realized. For that reason ii has been necessary to define new pollen zones for the inler­
rnls studied. 

With the increased application o[ pollen analysis lo deposits of interglacial and 
glacial age ii has become convenient lo number the pollen zo nes from inlerglacials and 
glacials separately (SELLE 1953 a). For such reasons il seems lo be convenient to Jct 
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 vegelalional sequence which followed upon the Eemian 
Interglacial in W estern 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 (cp. J &M 1928). 

Picea, A/nus and Pinus arc frequent. Quercus, Cwpinus, Ulmus , Fraxinus and Taxus 
are represented, but th eir values a re low. The values for Pinus increase somewhat in 
the co urse of the zone. At the end of the zone Alnus and Pteridium decrease lo insignif­
icant values, or disappear. 

Zone W 1. 

Pinus, Picea and Betula pubescens arc represented with values, which indicate that 
only scattered individuals may have been present. The values for Belula nana, Juniperus, 
Sa/ix, Cal/una, Empelrum, Gramineae, Cyperaceae, Rumex acelosel/a (type), R. acelosa 
and other herbs increase. 

Zone W 2. 

Picea, Pinus and Belula pubescens may be represented with low values, and most 
of th eir pollen was presumably due lo wind transport from a far distance . Belula nana, 
Juniperus and Sa/ix arc common in most of the zone. Calluna and Empelrum become 
rare (except for rebedded pollen). Gramineae, Cyperaceae, Rumex acetosel/a (type) and 
other herbs prevail. The zone has been divided into the subzones a- e, which are not 
always clearly distinguishable. 

Subzon e a. Maxima for pollen of Juniperus, Arlemisia a. o. Remains o[ aquatic 
plants common. 

Subzon c b . Maximum for Gramineae. Remains o[ aquatic plants rare. 
Subzon c c. Maxima for Juniperus, Artemisia a. o. Remains of aquatic plants 

common. 
Subzonc d. Juniperus decreases (and disappears?). Maxima for Gramineae and 

Cyperaceae. Remains of aquatic plants rare. 
Subzone e. Increasing values for Belu/a pubescens, Populus, Arlemisia, Filipendu/a, 

Urlica and a few others . Remains of aquatic plants common. 

2 
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Zone W 3. 

Belula pubescens dominates and Populus is frequ ent. Pinus may be r epresented by 
pollen transported from far distance. Betula nana remains fairly frequent. The herb 
pollen values decrease strongly. Filipendula, Urlica, Thelypleris dryopleris and Rumex 
acetosa are quite common. The zone is divided into the subzones a- e. 

Sub zon e a. Maximum for Belula pollen. Decrease for i. a. Salix, Gramineae, 
Cyperaceae, Rumex acelosella (type) . 

Subzon e b. Minimum for Belula. Maxima for Sali.x, Gramineae, Cyperaceae etc. 
Subzone c. Maximum for Belula . Strong increase for Juniperus . Minima for Sa/ix, 

Gramineae etc. 
Subzone d. Minima for Belula, Populus and Juniperus. Maxima for Salix, Gramineae 

etc. 
Sub zon e e. Maxima for Betula , Populus, Junipem s and Frangllla. Minima for Salix , 

Gramineae etc. Larix is represented . 

Zone W 4. 

Betula decreases somewhat. Pinlls, 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. Frangllla and Pleridium are quite common. 
Calluna and Empelrum increase somewhat. Juniperus and most of th e herbs are rare. 

Zone W 5. 

Pinus pollen dominates. Picea and Belula decrease. Callllna increases . The zone is 
diYided into the subzones a- c. 

Subzone a. Jtiniperus and th e herb pollen haYe low values. 
Sub zone b . Small maxima for Betula, Juniperns and herb pollen. 
Subzon e c. As subzone a. 
Upwards th e record is truncated. 

Zone W x. 

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



III. IDE NTIFI CATIONS 

GENERAL REMARKS 

All identifi ed remains of higher plants from the pollen zones W 1- vV 5 are li sted in 
table 23 (pp. 107- 111 ) . The identification of the finds from zone h has not been fini shed . 
A majority of the identifications of macrofossils listed in tabl e 23 derive from the 
investigation of J &M (1928). Parti cul ars as to the dating of th e rem ains will he mentioned 
in the chapters IV-V. 

The plant remains have been identified with present-day species . This implies tl: at 
the fossil r emains resemble similar organs from these species. The identifications based 
on macrofossils are considered lo be more reliable than the identifica tions of pollen 
grains and spores. It is characteristic of the identifications of pollen and spores, that 
many of th em are restricted lo family, subfamily, genus or species group, and a di stinc­
tion of species may be reached rather exceptionally. " Type" has been added lo generic 
and specific names to indicate th at other present-day taxa of the same rank are possible. 
The taxa embraced by th e types will be mentioned below. Genera monotyp ic in North 
and Central Europe tod ay arc usually indicated with species n ame. ln the pollen 
diagrams ( plates VI- XIV) genera, whi ch are represented by macrofoss ils identifi ed 
with a species, have been indicated with this species n ame in brackets. 

The species names are in accord ance with HYLANDER (1941 ), a nd au thors ' names 
for species not mentioned there will be indicated in the Ji sl on tabl e 2:3 and in th e 
descriptions below. 

The relationship of Plcisloce ne floras lo th e llora of th e present cl ay will be mentioned 
in some detail in chapter V. 

The degree of reliability of the identifica tions of pollen grains and spores is indicated 
in table 23 loo. 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 Copenh agen . The extent of the 
reference material will be m entioned in the descriptions. 

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

Only deta ils necessary for th e identifications will be mentioned, and discussions of 
general morphology will be omitted. The observations have been based on th e reference 
material itself, and they make no claim to originality. The work of ERDTMAN (1952) 
is referred to for an extensive bibliography. A majority of the problems coincide with 
those dealt with by IVERSEN in his studies of Lale-Glacial deposits. Cases where un­
published observations by IVERSEN and others have been guiding for the identifications 
will be staled. The terms arc defined in lvERSEN and TnoELS-SMITH (1950) . Abbrevia-

2* 
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tions used arc listed in table 2, in alphabetical order. Most of the reference slides had 
been treated with KOH and acctolysis 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 difTerences 
have been relied upon. 

The problem of possible variability in the morphological characteris ti cs 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 efTort 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. JENTYS-SZAFEROWA 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. 

aeq 
an! 
ap 
C 
C 1 
C3 
C3 P3 
C P sip 
cla 
col 
cost 
D 
eeh 
ek t 
end 
foe 

fos 
fov 
I 
inter C 
inter P 
I 

Lg 
Lt 
P-M 
P-Lg a nd 

P-Lt 

Table 2. Abbreviations for morphological terms and parameters 
(cp. IVERSEN and TROELS-SMITH 1950). 

Forkorlelser af morfologiske udtryk og ma! 
(sml. IVERSEN og TROELS-SMITH 1950) . 

aequator, aequalorialis Lg longitudo 
annulus, a nnuli , annulatus !um lumen, lumina 
apex, apices M m ensura 
colpus, colpi med medianum 
Monoeolpalae mur murus, muri 
Trieolpatae op operculum, opercula 
Trieol pora tae p porus, pori 
S teph a noeol pora tae P3 Triporalae 
clava, clavae, clavatus P peri Periporalae 
eolumella, columellae perprol perprolatus 
eosta, eostae pol polus 
diameter polar area polaris 
echinus, echini, eehinatus prol prolatus 
ektexina psi psilatus 
endexina ret reticulum, reticulatus 
focus (0-5, see plate X, in rug rugulatus 
IVERSEN and TROELS-SMITH Le.) sea scabratus 
fossula, fossulae, fossulatus suhsph subsphaeroideus 
foveolatus sir striatus 
index, indices tee tectum, tectate 
intercolpium, intercolpia tee (perf) tectum perforatum 
interporium, interporia val valla, vallae 
limes ver verruca, verrucae 

longitudo inter P-:\1 length of interpore meridian 
longitudo transversalis ex-M thickness of exine 
pore diameter end-M thickness of endexine 
longitudo and longitudo trans- ekt-M thickness of ek texine 
versalis of the pore in hipolar col-D diameter of columellae 
grains polar-M longest side of polarea 

polar-I polar-M /Lt + 

Ca 1- 4 refers to the shape of the eolpus, P 13 1- 3 to the delimitation of the pore (cp. IVERSEN 
and TROELS-SMITH I. e.). 

per[ has been used as an abbreviation for perforations or holes of the lee smaller than 1 µ 
in diameter, perf-D for their diameter. 
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Pollen zones and sites will be indicated at the finds mentioned below (B = Brorup 
Hotel Bog, R = Rodebrek I , H = Heming, N = Norbolling). 

Serial photo-micrographs (cp. IV ERSEN 1954) o[ fossil finds arc 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 b een reproduced in the plates I- IV. 

PTERIDOPIIYTA 

A:ollaceac 
Azolla {,liculoicles Lam. One massula was referred to the species (cp . WEST 1953) . lt 

occurred at Herning (zone \V 2) in a stratum , which is rich in material r ebcdded from th e 
Eemian Interglacial bed. From Europe the species is known mainly from deposits from the 
Cromerian and th e Hoxnian lnterglacials (VAN DEH VLEHK and FLonsc1-1u-rz 1953, \V EST 
1956, ZAGWJJ:\ and ZoNNEVELD 1956, SonoLEWSKA 1956 a). The find from H erning suggests 
presence of the species in the Eemi a n Interglacial , but remains of th e species have not 
been found in a primary position at that site. H1LTER~1ANN (1954) reported remains of the 
species from Eemi a n Interglacial depos its a lso in a seconda ry position. IYERSE:s ( 1936a) 
found one m ass ul a in mora ine A at Esbjcrg. 

Lycopocliaceac 

Lycopodium. Fossil spores were identified with the following species: L. se!ago, L . inunclalum, 
L . c/avalum, L. complanalum ssp. chamaecyparissus and L. alpinum-complanalum ty pe, which 
comprises L. alpinwn and L. complanalum ssp. anccps. An unpublished key by F,EGHI was 
used for th e identifications. The spores from the species L. sc/ago, L. inunclatum, L. annolinum 
and L. c!avalwn arc identified without dil"ficulties. Th e spores of L. alpinum and L. comp!ana­
tum ssp . anceps are rather uniform in our material . 6- 8 lum may be count ed on a mcd of 
the distal face, a nd the re.t covers a variable part of th e proximal face in spores from both 
species. The spores of L. comp!analum ssp. chamaecyparissus arc somewhat s imilar , but the 
corresponding number of !um is usually 10- 12, and the mur appear to be broad er tha n in 
the spores of the species just mentioned. 

Osmunclaceac 

Osmuncla. The fossil Osmunc/a spores vary somewha t more than the spores of European 
Osmuncla rcga!is, according to our reference material. The spores of the present-day species 
of the genu s differ as follows (0. rcgalis: Denmark, 2 collections, Ireland, Spain. 0. c!ay­
loniana L.: \Visconsin and New York, U.S.A. 0. cinnamomea L. : Ontario, Canada , and 
Pennsylvania, U.S.A.). 

a. Sculpture elements on proximal sid e !"used into a r et or 
rug pattern , on distal side ± fused ................... 0 . l"l'galis, 0. clayloniana 

aa. Sculpture elements on proximal a nd distal side separated 0. cinnamomea 

Th e spores of 0. rega/is vary so widely, tha t they can hardl _v be di stinguished from those 
of 0. clayloniana. Th e fossil Osmuncla spores vary continually, a nd it cannot be considered 
to be certain th at t\\"0 distinct species were present. The ex tremes correspond to m odern 
0. regalis and 0. cinnamomea respectively. SzAFER (1953, 195-1) , \VEST (1956), DvAKOWSJ,A 
(1956) and ZAGWJJN ( 1960) identifi ed interglacial Osmuncla spo res ·with 0. clayloniana , and 
ANANOVA (1954) referred such spores to 0. cinnamomca. All of Lhe spores illustra ted by the 
au thors mentioned may be referred rather to 0. cinnamomea. This applies probably also to 
the spores identified with 0. clayloniana by ERDTMAN (in G. L UNDQ UIST 1955), SoBOLEWSJ<A 
(1956b) a nd SHODON (1957), at leas t, the spores of tha t species can hardly be distinguish ed 
from those of 0. regalis. 

\facroscopic rema ins (leaves i. a.) from Eemian Interglacia l deposits have been identified 
with 0. regal is (HAHTZ 1909, RABIEN 1953). 

The Osmuncla spores occur in Lhe Eemian Interglacial layers, and in rebcdded state in 
the younger layers . 

Po/ypocliaceac 
Thclypleris paluslris type. The spores referred to the type are naked and monolcte . Similar 

spores may be found in the genera Asplenium, Athuriwn, B /echnum, Cyslopleris, Dryoplcris, 
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Phyllilis, Polyslichnum, The/ypleris (excl. T . dryopleris) and Woodsia . The trends of the 
curves suggest that the majority or the fossil spores belong to Thelypleris pa/uslris. 

Thelypleris dryopleris ( = Dryopleris linnaeana) . Naked m onolete spores o( a long and 
narrow shape, a nd with a faint sculpture were referred lo lhe species. Similar spores occur 
commonly in Danish Late-Glacia l depos its, where they, just like the finds described here , 
have a cha racteri stic mode of occurence ( IVERSEN 1954, KnoG 1954, DEG ERB0L and 
KROG 1959). 

Gnil\"OSPERMAE 

Epheclraceae 
Epheclra clislachya L. 9 pollen grains s imilar to those o( E . clislachya were found (zones 

W 2 (B, R, H) , \\' 3 ( B, H) . W ELTEN (1 95 7) described the pollen morpholof!y and distribu ­
ti on of lhe Eurasia ti c species with similar poll en gra ins. According to tha t author only th e 
species E . clislachya ( incl. var . he/velica C. A. Meyer), E. nebroclensis Tineo, a nd E . equiselina 
Bunge come into co nsidera tion. Due to a grea t varia bility within our modern collections , a 
species identificati on does not seem to be poss ibl e. However , E. distachya is certa inly th e 
species most likely lo have occurred in North and Central Europe during the W eichselia n 
Glacia l (cp. GAMS 1953 , lvE RS EN 1954, \V ELTEN I. c.) . 

Ephedra cf. slrobilacea Bunge. 5 pollen grains similar to those of the species were found 
(zones W 2 ( H), W 3 (B , I-1), W 5 (N)). According to W ELT EN ( I. c., cp. a lso STEEVES and 
BARGHOO RN 1959) th e pollen gra ins from species with a similar pollen type may be distin­
guished by th e number of ridges. HoweYer , the ridges cannot be counted in any of the fossil 
grains m entioned here. Structural features such as those described by W ELT EN (1. c .) have 
not proved to be useful for a distinction of the va rious species in our ma teri al. W ELTEN 
( I. c.) found abundant pollen of a similar type in Late-Glacial deposits from Switzerland, 
and assumed fo r ecological and geographical reasons that E. slrobilacea is more likely to 
have occurred in E urope during the Lale-Glacial tha n lhe other species mentioned by him, 
probably with justice. Such a result applies presumably to the present material too. 

KROG (1954, and in DEGERIJ0L and KnoG 1959) reported 3 finds of E. s/robilacea type 
from Lale-Gl ac ial deposits in Denmark. KHOG ( 1954) considered the first pollen grain found 
by him to be rebeddcd from T erti ary deposits, as pollen of such an age occurs in the sample 
in question. Th e la ter finds mentioned by KROG (D EGEHB0 L and KROG l. c.) may be of 
similar origin, bul in view of \VELTEN°S results from Switzerland just mentioned, it a ppears 
to be like ly , that all o f the Late-Glacia l Da nish finds are primary. The finds from Br0rup 
and Herning (W 3) occur in samples with no Tertiary material. These finds are, accordingly, 
quite r eliable, hut the other finds from Heming mentioned might have been derived from 
T ertiary deposits, as other pollen types of such an age occur in the samples in ques tion. 
However, all of the finds from Denmark may be considered lo be primary now. 

It is interesting lo notice tha t the ratio £. dislachya: E. slrobilacea pollen grains in th e 
present material is 9: 5, a nd in WELTE:-: ·s (much la rger) La te-Glacia l ma teria l (I. c.) 4: I. 
The pollen of E . er. slrobilacea seems to lun-c been extremely rare in the Da nish Late-Glacial. 

Pinaceae 
Larix . Characteri stic pollen grains occurred in th e zones \\I 3 ( B), \'V-! (B, N), \V 5 

( B, N), and leaf fragments with epidermis ce lls ref'craLle to the genus (cp. FLOHIN 1931, 
THA UTMAN 1953) were found in layers from zone W 3 a nd zone \V 4 ( 13 , see plate I). One 
leaf fragment was found in the material origina lly exa mined by J & l\l (1 928, sec a lso pla te I). 

A1' GIOSP ERMA E 

Alismalaceae 
Th e pollen gra ins found within the fam..il y belong to P peri. They are lee, cch or sea . 

Pare often surrounded by an a rea, where the col arc densely crowded (an)) . Below, details 
of the sculpture a re described as seen with ordinary opti cs, structural fea tures as seen with 
phase contrast. 

Sagillaria sagilli{olia. Ech , P irregul ar, col ernnly spaced. 
Damasoniwn alisma Mill. Sea, P number about 10, col evenly spaced. 
Calclesia parnassifolia (Bassi) Par\. Sea, P number about 15, col evenly spaced . 
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A/isma planlago-aqualica. Sea. P surrounded by a broad a n!, the I of w hic h usua lly is 
sharp. The col found in the inter P a rc a rranged in a re t, mur are delica te with col in 
one or two rows. The ret may be rath er d ifTuse. A. graminea a nd lanceolala: r et usually 
d iffuse and col rather irregul ar ly sca tt ered. 

Echinodorus ranunculoides. Simila r to th e pollen of Alisma planlago-aqualica. P m ay be 
som ewhat smaller. 

Elisma nalans. Sea, the scul pture is d efinitely corascr tha n th a t found in th e pollen of 
the o th er genera m entioned (except Sag illaria , the pollen of which is ech), and lhe 
scul pture elem ents (microech) m ay be seen a long the outline of the gra ins in foe 5 
(o rd ina ry optics!) . Anl indistinct, form ed by rather few co l. The co l found in the inter P 
are a rranged in an irregular re t, mur arc broad with clumps of d ense ly crowded col. 

Foss il pollen grains referred to Elisma nalans occu rred rather comm on ly at Brorup 
H otel Bog (sec plate I ), a nd at :\orbolling (zone \\" 3). One pollen gra in referred to th e species 
was fo und a t Herning (zone \V 3). J & ~f ( 1928) refe rred 6 ache nes found at l3rorup Holcl 
Bog to Thaliclrum? Th e achenes occurred in the layers E and F, which correspo nd to pollen 
zo ne \V 3 ( p . 57). Thaliclrwn poll en is rather common in that zone (sec th e po llen diagram 
fro m BP 1 STA, p la te VI ), but lhe achenes found b y J & M cannot be referred tu a ny :-Sorlh 
or Central European species of the genus, i. a. as the basis o f the achenes are loo broad, 
and as the longitud ina l r ibs a re b y far loo numerous. They h ave, however , proved to be 
identi cal to the achenes of Elisma nalans. The 6 achenes are 2.3- 2.6 mm. long, oblong a nd 
somewha t compressed, lhe bas is is broad, and the basis of the style is preserved a l the aprx. 
The achenes have 15- 20 longitudinal ribs (see plate I). They do not resemble th ose o f any 
o th er Europea n species of th e fa mily (cp. GLiirn 1908). F inds of fruits of Elisma nalans 
were reported from a la te Pleistuccne d eposit in Germany b y FIRJJAS a nd GnAI-IMA:S- ( 1928, 
see p. 126), and from ear ly Pleis tocene d epos it s in Poland b y SzAFEn ( 1954). 

Boraginaceae 
The fami ly is represented in the re fer ence m aterial by 15 genera. 
Cf. Lilhospermum arvense. 1 po ll en grain (Lg 21.6 µ , Lt 14.4 µ , P 3, psi, with rudimentary C) 

occurred in zone W 2 (B). Only Lilhospennum arvense has pollen grains somewhat similar 
lo the foss il one. The pollen gra ins of L. ofli cinale and L. purpureo-coeruleum L. d i!Ter more. 

Symphylum. 1 fossil pollen gra in (C sip, C 9 P 9, psi) was re ferred to the genus with certainty 
(zone W 3 (B), see plate IV) . 

Caryophyllaceae 
II has been possible to identify fossi l po llen " ·ith genera o r s pecies of the fa mily in some 

cases. In o ther cases many genera or species haYc pollen grains simila r to each other , a nd 
a s till large r reference m aterial will be necessa ry fo r more de finite results. The modern 
m a teri a l used for compa ri son includes the fo llo\\· ing genera : Agroslemma, Arenaria ( 4 spp.), 
Ceraslium (8 spp.) , Corrigiola , Dian thus (10 spp.) , Gypsophila (4 s pp.), J-/erniaria, He/iosperma, 
Holoslewn , Jllecebrum , Kohlrauschia, Lychnis, Me/andrium (6 spp. ), Minuarlia (!J spp.), 
Moehringia (6 s pp .), Saponaria (2 spp.), Scleran lhus (2 spp.), Silene ( 10 spp .), Spergula 
(3 spp. ), Spergularia (2 spp.) , Slellaria (11 spp .), Tunica, Vaccaria a nd Viscaria (2 spp .). 

Ceraslium-Slel/aria. The pollen gra ins of the 2 genera arc characterized: Pperi, P 10- 36, 
a n! clifTusc, sea, p erf numerous a nd crowded , col heterogcnou s, finest around the P, unevenly 
sca tt ered in the inter P , denser near the P a nd :::: fused with the an !. Fossil pollen gra ins 
occ urred in m os t of th e pollen zo nes (fur Stellaria holoslea, sec below) . 

Dian lhus. The poll en grains of the genus are rather characteri stic : ea . 12 P , an! 0.5- 1 µ , 
ech or sea, sculpture elem ents di stinguis ha ble in foe 5, in foe O very distinct, perf very 
d istinct, widely sca tt er ed (di sta nce 2- 5 µ), perf-D 0.5 µ , col conical, often dist ri buted in 
pairs a nd often ± arra nged in a re t, cul-D proxi m ally 0. 5 µ, distally 0.5- 1.0 µ. Somewhat 
s imi lar po llen gra ins occur in Saponaria o{ficinalis (co l coarser, distally 0.5- 1. 5 µ) , Kohl­
rauschia , Tunica , \laccaria, and Saponaria ocumoicles (outline of the grain smoth , sculpture 
in foe O indistinct). 3 foss il gra ins occurred in zone W 3 (B). They resemble the pollen 
gra ins of D. arenarius, D. caesius Sm ., D. caruophyl/us L. , D. delloides a nd D. superbus th e 
most. 

Gypsophila . Within the fa mily, pollen gra ins with a n l 1.5- 2.0 µ broad were no ticed only 
in Gypsophila (cp. LANG l!J52) and o nly in the species G. repens L. , G. fa sligiala a nd G. pani­
culala (in G. muralis 0.5 µ). In pollen gra ins from G. repens and G. fasligiala the P number is 
usually 12, in G. paniculala it vari es a nd may be up lo 20. 

The genus is represented with 6 foss il pollen gra ins, a ll wi th 12 P, and it seems acco rclingly, 
Iha! G. repens or G. fa sligiala were rep resented (zone W 2 ( 13 , H, H), W 3 (B)). The Late-
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Glacial Gypsophi/a pollen grains from Denmark were referred lo G. fastigiata by IVERSEN 
( 1954). LANG ( I. c.) identifi ed seeds of G. repens from SW Germany also of Late-Glacial age. 

Melandrium. The pollen grains of the genus are qui te characteristi c (perf- D 0.5 µ , col 
arranged in a ret) . One exception is 111. viscosum, the pollen grains of which resemble those 
of Silene species. Pollen grains of the type fo und in Melandrium occur in Si/ene conica too. 
One fossil pollen grain was identical to the pollen of the genus (zone W 1 (R)). 

Sagina nodosa . T he pollen gra ins of th e genus are characterized by their unusually small P 
(P- M ea. 2 µ , ea. 25 P, sea, ma ny fine perf). The coarseness of the sculpture varies som e­
what, it is less distinc t in S. nodosa th a n in the other species investigated (S. caespilosa, 
S. cilia/a, S. procumbens, S. saginoides and S. subu/ala) . 2 fossi l pollen grains were r eferred 
to S. nodosa with good probability (zone \V 2 (B)). One pollen grain from th e Danish Late­
Glacial was iden tifi ed to S. er. procumbens by IvERSE1' (1954). 

Scleran lhus. The beautiful pollen gr a ins of the genus are unique. The species are well 
di stinguished, as the pollen gra ins of S. perennis have 12 P and those of S. annuus (incl. 
S. polycarpos Torner) ea. 20. One foss il pollen gr ain of S. perennis occurred in zone W 2 
(B, see pla te II ). J ESSEN referred a calyx from the same layer a t Brorup Hotel Bog to 
Scleranlhus perennis? ( J & M 1928). SIMPSON and \VEST ( 1958) identified a pollen gra in 
of the same species . 

Silene-Arenaria type. Pollen grains similar to each other are found in Silene, Arenaria, 
H eliosperma, Minuarlia and Moehringia (15- 30 P, a n! not difTuse, sea sculpture indistinct, 
perf fine, ra ther dense, and regularly distributed). Fossil pollen gr a ins referred to the type 
occurred in zone W 2 (B, H) and W 3 (B, H). 

Slellaria ho/oslea . The pollen grains of th e species are unique among the 11 species of 
the genus examined (P 12, sea, scabrate elem ents 0.5 µ , perf fine a nd crowded, col h etero­
genous, coarse in inter P, very fine around the P, the P in depressions, the inter P formi ng 
ridges of a pentagonal pattern). The fossil pollen gra ins occurred in zone W 1 (R) and \V 2 
(B, r ebedded ?). 

cf. Vaccaria pyramidala . Th e pollen gra ins of the genus difTer slightly from those of 
Dianlhus (perf-D 0.5-1.0 µ , col-D proximally 0.5 µ , cp. above). Somewhat similar pollen 
grains occur in Koh/rauschia (sculpture coarser), Tunica a nd Saponaria ocymoides (perf-D 
and col-D < 0.5 µ). Only 1 pollen gra in occurred (zone W 3 (B)), and in view of this the 
identifica tion may be consider ed not lo be quite certain . 

Viscaria . The pollen gr a ins of the genus resemble the Silene-Arenaria type (see abow) 
b ut differ as the P are unusually large ( P-!11 = int er P-M) . 2 fossil pollen grains occurred in 
zone W 2 (B). 

Droseraceae 
Drosera. In the pollen letrads of D. rolundifolia and D. anglica ech are heterogenous and 

often of two size orders . Jn D. inlermedia ech are only slightly heterogenous a nd rath er 
small . 1 tetrad was r eferred to D. inlermedia , (zone W 2 (R)), and 3 retrads lo D. rolundifolia 
or D. anglica (zone W 2 (H, H), W 4 (N)) . 

Ericaceae 
Arcloslaphylos alpina . Pollen tetrads > 40 µ , Polar -I 0.20- 0.25, fov-fos. 1 pollen tetrad 

occurred in zone W 1 (R). 
A. uva-ursi. Pollen letrads ea. 40 µ , polar -I < 0.35, polar psi. Similar pollen tetrads 

occur in Cassiope lelragona and Chamaedaphne, which are unlikely lo have occurred . Jn 
letrads of Vaccinium type (see below) polar-I is 0.30- 0. 50. Th e r anges overlap somewhat, 
and som e pollen tetrads of Vaccinium type m ay have been included in the curves. Pollen 
referred to the species occurred rather commonly, especialJy a t Br0rup and Rodeb rek I. 
Fruit-stones of th e species wer e recorded repea tedly by J & M ( 1928) . 

Cassiope hypnoides. The pollen tetrads of the species are quite characteri sti c (polar-I 
0- 0. 30, ver(-fos) . Phyllodoce pollen may be similar (C ± diffuse). The identifi ca ti on of 1 
tetrad from zone W 2 (B) with a very small polar -I is fairly certa in. 

Erica tetra/ix. The pollen tetrads of the species are quite characteristic (polar- I 0.25- 0.40, 
polar psi, inter C ver(-fos) . Th e pollen of E. cinerea is similar to th a t of E. lelralix, but the 
species may be disregarded in the present cases . Pollen r eferred to E. lelralix occurred in 
the zones W 1 (R), W 2 (R, H. probably r ebedded), a nd W 4 (B). 

· Vaccinium type includes Andromeda, Ledum and the species V. myrlil/us, V. vilis- idaea 
a n<l V. uliginosum (polar-I 0. 30- 0.50, psi). Pollen tetrads from Rhododendron and Pyrola 
media are somewha t similar (polar- I usually > 0.50). The fossil tetrads r eferred lo the type 
range 25- 50 µ in size, and th e pol ar-I is 0. 35- 0.5 5. They occurred in all the pollen zones. 



25 

Gentianaceae 
The pollen grains of th e famil y are rath er hcterogenous. The reference materi al comprises 

the genera Blackslonia, Cen laurium (3 sp p. ), Gen liana (9 spp.), Genlianella (6 spp.) , Loma­
logonium a nd Swerlia. 

Gentianella amarella type. Th e pollen of the Genlianella s pecies (except G. lenella) are 
u sually r e t with col arranged correspondingly , but th e pollen gra ins vary gr ea tl y within the 
species , a nd may be fov or fos, or nearly rug. S imilar pollen gra ins occur in Gen liana bavarica 
L. , G. kochiana Perr. and Song. , G. nivalis, G. prnecox A. and J . Kerner , a nd G. verna. Fossil 
pollen gra ins of the type are especially common in th e zo nes Ii a nd vV 1 ( R) , a nd scattered 
gra ins were found in zone vV 2 ( B , R , H) .Similar pollen grains were found by IVERSEN ( 1954). 

Genliana pneumonan lhe. The pollen gra ins are stri ctly sir (tec(perf) , val parallel to C) 
in Genliana asclepiadacea L. , G. /utea L. , G. cruciala L. , G. purpurea and G. pneumonanlhe. 
One foss il pollen gra in is ve ry simila r to the polle n of G. pnewnonanlhe, whi ch has a rath er 
coarse sculpture (cp. KnoG 1954). It was found in zone W 2 (13). KnoG (I. c.) found a similar 
L a te-G la cial pollen gra in. 

Swerlia perennis L. IvEHSE:-1 ( I. c.) considered the pollen grains of Swerlia lo b e qu ite 
characteris ti c (C 3 P 3, psi with coar se perf, or sometimes indislinclly rug-s ir , co l eYenly 
scallcrcd). Th e poll en gra ins of Lomalogonium arc somewhat similar (larger a nd ,Yi th a 
coarse r sculpture) a nd similar pollen gra ins m ay occur rarely in the Genliana s pecies with 
sir pollen grains m enti oned above. 5 characteristic pollen gr ains were found in the prese nt 
materia l (zo ne W 2 ( R), see p late II ) , lvEHSEN (I. c.) reported one Late-G lacial find . 

Labialae 
The reference materi al co mprises 24 genera. 
Men Ih a type. Poll en grains s imilar lo each o ther (6 C, ret, col arranged in a corresponding 

r et) occur in Lycopus, Men/ha, Origanum and Thymus. Poll en of Salvia argenlea and Sa/ureja 
have a similar , but fin er sculpture. A few foss il poll en grains of the type occurred (13, R). 

Teucrium monlanum L. Th e poJlcn grains o f the genus are uniqu e (3 C, sea, ect (especially 
tee) thickened near th e po! , but not on th e polar itself (which is very smaJI ), col coarser near 
the pol (cp . F£GRI and l vEHSEN 1950) . The fossi l pollen gra in (with a delica te sculpture and 
distinct col, from zone W 2 (H) , see pl ate II I) is s imilar lo th e pollen of T. monlanum, and 
difTers some,Yhat from th e pollen of T. bolrys L. (mu ch larger, sculpture coarser), T. scoro­
donia L. (sculpture coarser), T . scordium a nd T . chamaeclrys L. , (col almost in visible) 

Legwninosae 
An unpu blished key for .4slragalus species by lvEHSE:-1 has been ava il ab le. During the 

work a key by F £GRI ( 1956) appeared. It has also b een helpfu l , all hough ils range of genera 
and species is loo limited for th e present material. The r efe re nce ma ter ial comp rises the 
following genera: Anlhyllis, As/raga/us (17 spp. ), Coronilla, Cutisanlhus, Cutisus (3 spp.), 
Doruchnium, Genis/a (4 spp.), Genistella , Lathyrus (10 spp.), Lotus (3 spp.), Medicago (4 spp.) , 
Melilotus (3 spp.), Onobrychis (2 spp.), Ononis (2 spp.), Ornilopus, Sarolhamnus, Telra ­
gonolobus, Tri{olium ( 14 spp.) , Ulex a nd l'icia ( 14 spp.) . 

Anlhyllis vulneraria. l vEnSEN ( 1954) identifi ed Late-G lacial pollen gra ins with th e species. 
The poll en gra ins are very characteristi c (Lg ea. 40 µ, C 3 P 3, cost C may be present , ex-\! 
1- 2 µ , scul pture rudi mentary, rug or psi). 5 foss il pollen grains were found, they occur in 
zone W 2 (13, R). 

As/raga/us. The pollen grains of th e species of the genus ar e fairly uni fo rm , ye l differ ences 
allow some species identifications. Observations made b y lvEnSEN (sec above) have been 
guiding for lh e identifica ti ons m entioned below. 

A. al pin us. Characteris ti cs of the pollen grains ar e, Lg < 30 µ, C 3 P 3, P -Lg 18- 29 ~,,;; o f Lg, 
d elica tely ret on inter C a nd polar , col not visible. Somewha t similar pollen gra ins occur in 
Ononis (oulline seen in foe 5 very rough, muri very distinct), A. frigidus ( Lg > 30 µ , sculpture 
coarser) a nd species o f Melilolus (P-Lg 13- 22 % of Lg, polar very sm all, th e gr a in almos t 
syncolpatc. As A. alpinus is a very wid es pread species, the fossil pollen gra ins found b elong 
almos t certa inly to lh al species (cp. also lv EnSEN I. c. 1)). Several pollen grains were found 
in the zo nes W 2 and W 3 (13). lvEHSEN (1. c.) identified several Late-Glacial pollen grains 
with the species. 

A. ( Ox ylropis) cf. campeslris. 4 foss il pollen gra ins were r eferred to th e species tenta ti vely. 
3 of the pollen grains m entioned may a lso belong to A. exscapus L. (zones \V 2 and \ V 3 (B)). 
The pollen grains of lh e species may be cha ra cter ized as follows, Lg ea . 35 µ , C 3 P 3, fov 
on inter C, fov-psil on polar , col in visibl e . Similar , bu t som ewhat sm aller pollen grains 

') A. penduliflorus has very s imilar poll en 
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occur in A. (Oxy lropis) lapponicus and A. (Oxylropis) p i/osus. One of lhe fossi l pollen gra ins 
approaches those o[ A. g/ycyphyllus as lo the scul ptu re (fos). Pollen from La te-Glacial 
deposits were id entified with A. (Oxylropis) campeslris type by IVERSEN (I. c.). 

A. danicus. The pol len grains of the species may be characterized as follows, C 3 P 3, 
P-Lg 13- 22 % of Lg, re l on inter C, psil on pola r, col invisible. Rather similar pollen gra ins 
occur in A. arena1ius ( pc lar fov) and in A. cicer (somewhat larger). 2 fossil pollen gra ins 
were identifi ed with th e species with so me cer ta inty (zo nes 'vV 2 (B), see plate II ), lv ERSEN 
(I. c.) identi f'ed pollen from the Danish La te-Glacial with the species. 

A. frigidus. Th e pollen gra ins of the species are rath er similar to those of A. alpinus (sec 
above), but they are larger, and their sculpture is coarser. 2 fossi l pollen grains were identified 
with th e species with some certa inty (zones \V 2 (B) a nd W 3 ( H)). l vERSEN (1. c.) identified 
La te- Glacial pollen with the species. 

Cylisus nigricans L. The pollen c [ th e Cytisus species (C. capita/us Scop. , C. nigricans L., 
C. ,a/isb~nensis Scha ffer) are cha racterized as follows (sculpture fea tures as seen with phase 
cont ras t), subsp h, C 3, pola r psi!, polar- I > 20, inter C de licately ret, col invisible. Some­
wha t similar pol len gra ins occur in Genislella sagillalis and in Genis/a anglica (polar r et, 
inter C usua lly ret-fov), a nd in Cylisanlhus radialus, Genis/a germanica, G. pi/osa a nd G. 
lincloria (pola r-I < 20, inter C ret-fov, la rger). The pollen grains of Sarolhamnus, Ulex, 
Onobrychis and Hedysarum differ m ore (prol-perprol, Lg > 30 µ , except for H edysarum). 
The foss il pollen gra ins were very small (Lg < 20 µ), a nd they are bes t referred to Cylisus 
nigricans, wh ich has the smallest pollen grains. They were fo und in zone W 2 (B). 

Genis/a. Th e characteristic fov-ret sculpture ("blocked" !um, acco rding to FIEGRI 1956) 
is usual in a ll Genis/a species, according to our reference ma teria l. 3 foss il pollen gra ins have 
such a scd µture , a nd were r eferred to the genus. Th ey occurred in zo ne W I (B). 

Lotus cf. corniculalus. The pollen grains of the genus are ra ther characteri sti c (Lg < 20 µ , 
C 3 P 3, P-Lg ea. 10 % of Lg, psi!). Somew ha t simila r pollen grains occur in Ornilhopus 
(P-Lg ea. 15 % of Lg) a nd in Hippocrepis (P-Lg ea. 20 % of Lg). Pollen gra ins referred to 
the genus, and tenta ti vely lo L. cornicu/a/us, occur repea tedly in the present m aterial, and 
especially in zone W 2 ( B, H). IVERSEN ( I. c.) identifi ed La te-Glacial pollen grains with 
the genus. 

Trifolium alpeslre. Characteristi cs of the pollen of lh c species arc, C 3, polar psi! , inter C 
ret, col distinct. Pare ra th er distinct in most other Trifolium species. Somewhat similar pollen 
grains may occur especially in T. pralense (polar ret), T. aureum, T. badium Schreb., T. 
fragiferum and T. hybridum (sculpture on inter C fov), a nd in T. medium (psi! area extending 
on inter C). 3 foss il pollen gra ins ,rnre identifi ed with th e specie, with some reliability. 
They occur in the zo nes W 2 (B) and W 3 ( H). 

Trifolium arvense . Characteri stics of th e pollen grains are , C 3, polar psil, psil area ex tends 
on inter C, inter C fov-fos near aeq. Th e pollen gra ins of T . medium may be quite similar , 
but they are la rger, and the sculpture is coarser. 3 fossil pollen grains were referred to the 
species (zone W 2 a nd W 3 (B)) . The identifica tions seem to be rather reliable. 

Vicia-Lalhyrus. The pollen grains of the genera are characterized by their distinct P , 
vigorous cost and usually rather short C (much less pronounced cos t C may occur in the 
pollen of oth er genera o f the family, e. g. in Anlhyl/is and Lo/us). It seems to be impossible 
to reach species identifications of the fossil grains fo und . They occur in the zones W 1 ( H) , 
W 2 (B) a nd W 3 (B, H). 

Liliaceae 
Allium cf. schoenoprasum . 12 fossil pollen grains were r eferred to the speci es tenta ti vely. 

They occurred in zone W 2 (B) and repeatedly in zo ne W 3 (B, 1 gra in a t H). The pollen 
grains of th e genus are characterized (phase-contrast): C 1, tee, on the non-apertural side 
psi or ind istinclly ret or fov, often with numerous fine per[ a nd in most cases with distinct 
col; on the aperlural side psi with densely crowded or invisible col (margo) . In the pollen 
grains of most o f 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. vinea/e, A. rolundum L. , A. scorodoprasum) 
its ap extend on the non-a pertural side. The po llen of the oth er species may be distinguished 
by the coarseness o f sculptural fea tures, but these fea tures va ry som ewhat within the species. 
The pollen gra ins of A. angulosum L. , A . paradox wn and A. ursinum are usually ps i, the 
perf invisible or very fine, a nd col minute and indistinct. The pollen grains of the species 
A. schoenoprasum , A. monlanum, A. slriclwn Schrad. and A. suaveo/ens J acq. are usually 
fov-ret, perf are qu ite distinct a nd col are clearly separated from each other. In the pollen 
of A. carinalum, A. viclorialis L., a nd A. oleraceum th e sculpture a nd the col are definitely 
coarser. The fossil grains fall within the variability range of the A. schoenoprasum group, 
and their similarity lo tha t species is great. 
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Linaceae 
Linum rw slriacum type. Linum poll en gra ins may l1e dimor p hic in regard to size and the 

s hape of th e sculpture elements (ep. EnDTMAN 1952). Dimophie pollen grai ns were observed 
in the s pecies L. alpinum L., L. a t1slriacwn, L. /lavt1m L., L. hirst1lum L., J,. perenne L., 
L. lenwfoliwn L. , a nd L. viscosum L . Dimorphic poll en occurs proba bly a lso in L. angus li­
foliwn L. , but not in L. calharlicum. In the pollen type from longistylie p la nts th e di sta l ends 
o f the sculptural elements (cla or ech) ar e rounded w ith one or a few pointed excrescences. 
In the o ther pollen type the sculptural e lements are us ually completely fl a t topped (ver), 
in some s pecies with a few pointed excrescences from L11 e edge of th e pl a tform . In the foss il 
material a fragment of a pollen of th e type from brevis lylie plants was fo und (see pla te III ). 
Its ver are homogenous and without excrescences, s li ghtly polygonal in lranseel (foe 2) . 
It resembles especia lly the pollen of L. aus lriacum, L. hirsulwn a nd L. /enuifoliwn (zo ne 
W 2 (B)). 

Lobeliaceae 

Lobelia dorlmanna. Characteris tics: C 3, Ca3d or f, psi , col minute but dis tinc t (F£GRI 
and l vEHSEN 1950, d escribe th e surface as pitted , ,Yilh phase-contrast, however, the pheno­
m en '.m d escribed proYes to be caused b y interference from lhe ± regularly distributed col 
underneath). A similar pollen type is found in Digitalis, which m ay be dis regarded in the 
present cases. Th e pollen grains of Elaline proved to be " pitted" (tec(perf)) with phase­
contrast equipment . 9 fossil gra ins \Yere identified wi th Lobelia dorlmanna (zone \Y 3 (l:l, H)) . 

Polygonaceae 

Polygonum s. l. Th e pollen mo rphology a nd the taxo nomy of the gen us ,Yere trea ted by 
H EDBEHG (1 946) . 

Subgenus Persicaria . Th e pollen gra ins of P. amphibium are well dis tinguished (cp . 
HEDBEHG l. c.) . Foss il poJJ en identifi ed w ith the s pecies occurred in zone \1/ 2 a nd \V 3 
(B, H). P. persicaria type includ es here P. hydropiper, P. lapalhifolium, P . minus, a nd P. 
persicaria. Pollen gra ins of th e type occurred in zo ne W 1 a nd W 3 (H). 

Subgenus Po/ygonum s. sir. P. aviculare type includes here P. aviculare, P. oxyspermum 
a nd P. raji. 2 pollen grains were fo und (zo ne W 3 (B)). 

Subgenus Bis/aria . P. bis lorla type includes P. bis/aria and P. viv1i;arum. Fossil pollen 
grains occurred in zone W l (R), W 2 (B, R), W 3 (B, H) a nd W 4 (N). Th eir m ode of 
occurrence a t Brorup suggests presence of P. viviparum in zone \1/ 2 a nd P. bislorla in \ V 3 
(see p. 92 and 97) . 

Subgen us Tiniaria. P. convolvulus ty pe comprises here P. dumelorum a nd P . convolvulus. 
O ur modern materi al does not support th e distinction of th e pollen of the two species men­
tioned by HEDB ERG (1. c.) . One fossil pollen grain occurred (zone Vv 3 (H)). 

Rumex. Modern pollen from 18 European species was examined. 
Th e pollen of the species belonging lo lhe sections Acelosa and Acelosella are quite well 

distinguished from those of the o th er species . The pollen gra ins of this type wi th very s hort C 
( la rge polar) were referred to R. acetosa ( including R. arifolius All.) , and the others to R. 
acelosella type, w hi ch comprises R . acelose/la s . I. (R. acelosella, R. graminifolius , R. lenuifolius) 
and R. lhyrsiflorus (cp. IVERSEN 1954). R. thyrsiflorus is essentially a lowla nd species to-day, 
a nd the species represented in zone \V 2 is presuma bly R. acelosella s. l. 

R . domeslicus typ e includes the species R . alpinus, R. crispus, R. maritimus and R. oblusifolius . 
The pollen grains are about 30 µ , perf numerous, col evenly distributed, P. rather large and 
indistinct. l fossil pollen grain occurred (zone W 2 (B)). Pollen of a similar type was noticed 
by l VEHSEN (1954). 

R. aqualicus-h ydrolapalhum . The pollen grains of th e two species differ from th e R. 
domeslicus type b y larger size (about 40 µ) and smaller P . 3 fossil pollen grains belong to the 
type (zone W 2 ( R), W 3 (B and H)). 

Ranunculaceae 

The reference m a teri al co mprises lhe genera Aconilum (3 sp.) , Aclaea, Adonis , Anemone 
( 11 sp.), Aquilegia, Ca/Iha, Clem atis, Cop/is, Delphinium (3 sp.), Eran lhis, H elleborus (5 sp.), 
l sopyrum , Muosurus, Nigel/a , Paeonia , Ranunculus (22 s p.), T haliclrnm (4 sp .), a nd Trollius. 
Poll en of Ca /Ih a, Thaliclrum a nd Trollius have been identifi ed repea tedly in foss il m a terial. 

cf. Adonis. Pollen gra ins resembling those o f Adonis occurred in the zones \V 1 (B, R), 
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W 2 (R), and W 3 (H). Similar pollen occurred in the interglacial peat at Rodebmk I, and 
the identifications do not appear to be quite reliable. They will be examined in more detail 
together with the interglacia l finds. 

Anemone. Th e pollen grains of the genus are rather typical (C 3 or C peri (4- 6 C), sea, 
tee with numerous fine perf, col homogenous , coarse, isod iamelric). Somewhat simil ar 
types in N igel/a (col ± fused, in foe 2 oblong), E ranlhis (col of two size orders). The fossil 
pollen gr a ins occurred in zone W 1 (R, J-1) , W 2 (B, J-1) , W 5 (B). 

Ranunculus. The pollen gra ins of th e genus are quite characteristi c (C 3 or C peri (4- 12 C), 
± sea, no perf, col of two orders, the coarse ones rather few, ofte n penetrating the lee 
forming sea elements, the fine ones rath er numerous). The pollen grains of the species are 
var iable, and il has been poss ible to distinguish only 2 main types, R. lrichophyllus type 
(fme col evenly distributed, R. circinnalus, R. /luilans, R. g/acialis, H.. hyperboreus, R. oblusi­
florus , R. peltalus, R. pygmaeus, R . sceleralus, R . lrichophullus) and R. acer type ( fine col 
± fu sed , 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 th at the R. lrichophyllus type compri ses 
aquatic species. At Brorup 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 identifi ed nutlets 
with R . aqualilis (coll.) , R. repens and R. sceleralus . 

Rosaceae 
Identifications within the family were based in part on an unpublished key by IVERS EN. 

Geum-Sieversia type. In the pollen of the Sieversia species (especially S. monlana (L.) 
R. Brown) the val often turn across the inter C (in Geum s . sir. val are usually parallel to 
the C). The curve for the pollen grains referred to Sieversia, however, is quite parallel lo 
tha t for Geum s . sir . 

Prunus. The pollen grains of the species P. avium, P. padus a nd P. spinosa are similar to 
each o ther (3 C, Ca 3 d- e, str , val del ica te but distinct, end-M = ekt-M). Some,Yhat similar 
pollen grains occur in species of Sorbus, especially in S. aucuparia (Ca 3 h) and S. hybrida 
(larger, Ca 3 c), and in Ame/anchier (val coarser). 6 fossi l pollen grains occurred (zones 
W 2 (13) , W 3 (13)) . 

Ma/us silveslris. Characteristi cs of the polle n: C 3, Ca 3 h, rug, val indistinct, end-M = 
ek t-M . Somewhat similar pollen gra ins occur in Sorb11s hybrida, S. inlermedia , S . rupicola, 
S. lorminalis and Cralaegus (much larger, Ca 3c- e). 3 foss il pollen grains were r eferred to 
th e genus rather tentatively (zone W 3 (13)). 

Rosa. The pollen grains of the genus are highly characteristic (C 3, P 3, distinct op, sir, 
val fin e but very distinct, often transverse to the C) . Th e size of the pollen varies considerably 
within the s pecies . 2 foss il pollen grains were referred to !he genu s (zones W 2 (8), W 3 (H)). 
They are rather large ( 42 x 36 µ, and 39 µ). 

Rubus. The pollen grains of R. chamaemorus are h ighly characteri stic (C 3, ech) , and fossil 
grai ns have often been identified. The pollen of th e other species of the genus r esemble 
those of Geum and Druas, but they di!Ter as to sculpture (faintly rug or sir in the Rubus spp) 
a nd shape of the C (Ca 3c- f, indistinct P in the Rubus spp., cp. KROG 1954) . The pollen 
grains of the species diJTer from each other as follows, R. arclicus and R. saxalilis: rug (or 
psi), polar-I in R. arclicus > 30, in R. saxalilis < 30 (cp. KROG, 1. c .). R. frulicosus: str, val 
fine and parallel to C. R. idaeus: str-ret (or tec(perf)) . 2 fossil pollen grains with polar-I 
38 and ea. 35 were referred to R. arcticus (zone W 1 (R) and W 3 (B)), 7 fossil grains to 
R . saxalilis (zones W l (R) and W 3 (B)) . One pollen grain was r eferred to R. fmticosus 
(zone vV 3 (B)), and 4 to R. idaeus (zone W 3 (B)). Fruit-stones of R. idaeus were recorded 
by J & M (1928). 

Scrophulariaceae 

Reference m aterial : 15 genera. Sculptural and structural details were studi ed with phase 
contrast equipment. 

Euphrasia-Rhinanlhus. Characteristics: C 3, polar-I 21-25, psi, ex-M 1. 5 µ, col very fine, 
distinct. 3 fossil grains (zone W 2 (B)). 

Veronica. Characteristics: C 3, polar- I 31- 35, ex-M 2 µ , psi, col r ather coarse. 1 fossil 
pollen grain (zone \V 2 (13)). 

Typhaceae 

Th e pollen grains of the Sparganiwn species and of Typh a angustifolia vary considerably 
within the species and no relia ble identifications could b e made. Typha-Sparganium type 
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comprises all single Typhaceae pollen gra ins. Tetrads were re ferred to T . /ali{olia. 2 dyads 
fro m zo ne \V 2 (B) are of doubtful identity. Fruit stones o f Sparganium angusli{oliwn a nd 
S. minimum were recorded rep ea tedly by J & M ( 1928) . 

Crlicaceae 
Urtica dioica. The poll en grains of U. dioica and U. urens di!Tcr substa ntia lly, wh en see n 

with phase contrast equipment. In th e po llen grains of U. dioica the elements of !he sea 
sculpture are of irregul a r size a nd dislribulion, in U. urens th ey a rc ve ry distinct a nd e\·enly 
spaced (cp. KHoG 1954) . All th e foss il pollen gra ins could b e re ferred to U. clioica. 

I ' alerianaceae 
Valeriana . The r esults of \YAGE1s rrz ( 1956) were used for identifica tions. All the foss il 

pollen grains b elonged to the ech-sca ty pe. 7 fossil grains were re ferred to V. o{(icinalis s. I. 
(ech 0.5- 1. 5 µ). Th ey occurred in zone h ( B, H) , W 2 ( B, H) , W 3 ( B, H) . 2 pollen grains 
were referred to V. dioica ( incl. I'. simplici{olia (Rchb. ) Ka b a th, ech 2.0- 2.5 µ). They occurred 
in zone W 3 (B) . 

SPECIES IDENTIFICATIONS OF POLLEN AND SPORES 

BY STATISTICAL METHODS 

Statistical m ethods may be useful for an identification of pollen and spores, especially 
where small differences between species exist. The m ethod has especially been based 
o n differences in size (see especially FmBAs 1927 , FmBAS and F m BAS 1935, J ENTYS­
SzAFEROWA 1928, BERTSCH 1931, F,EG RI 1936, and later , E NEROTH 1951, CAIN 1940 a 
a nd later , and other literature mentioned below) in numbers of apertures (e. g. VON 
PosT 1929), and in certain parameter ratios (DONNER 1954, WA LKER 1955) . Cases 
from lh c present m ateri a l will be mentioned below. Size or pore number have been 
used as mcasureable qu antities. 

Gcnotypical and phenotypical variation in pollen and spore characterislics arc 
difficult to distinguish . SCHOC11-BODM ER (1940) found Llrnt the size of untreated pollen 
may d epend on th e nutrition state of the parent plants. vVAGENITZ (1955) has shown in 
experiments with grasses, that acctolyzcd pollen of very poorly developed plants may 
be somewh at smaller than the pollen of fully developed plants, but tha t a difference is 
hardly appreciable in pollen of sub-normal plants. The variability in size in pollen 
from n a turally grown plants of di!Icrcnt geographic origin usually is small (cp . E NE­
ROTH 1. c., CHRISTENSEN 1946, CAIN and CAIN 1948b, CAIN and ANDERS EN, unpublished , 
and below). The variability in Pinus echinata pollen d emonstrated by CAIN and CAIN 
(1948 a) is probably unique, so far, but it is not known whether it is clue to genetical 
or physiological factors. 

Speaking of the use of size sta tistics for identifications of pollen and spores, F JEGRI 
and lvERSEN (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, fo ssil poll en may react diITerently from modern pollen to chemical 
treatment , and the size of fossil a nd recent pollen mounted in glyccrin is apparently 
only exactly the same in cases where the fossil pollen derives from an acid sediment, 
and if the fossil and th e modern pollen was prepared with KOH only (FmBAS and 
FIRBAS 1935, FJEGRI 1940, 1945, LOSERT 1940, CHRISTENSEN 1946, W ENNER 1947), 
but even then the r esults may be doubtful (AAmo 1941 , W ENNER 1953). CHRISTENS EN 
(I. c.) stated the following ranges in average sizes for pollen of Cory/us avel/ana , mounted 
in glycerin (all averages from 100 pollen grains), 
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Untrea ted .............. . 
KOH . . . . .......... . ... . 
Acetolysis .......... . ... . 
KOH, acetolys is ..... . .. . . 
HF, ace tolysis ........... . 

Range of average sizes 
Fossil Modern 

22.1- 23.7 µ 

22.8- 25.5 µ 

33.3- 34.6 j.l 

33.0- 35.0 µ 
27.8 µ 

24.6- 26 .7 µ 

25.4- 25.9 µ 
27.3- 29.2 µ 

30.7- 32.2 p 

If th e size di1Icrencc in th e 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. CttmSTENSE , I. c., 
vVENNER I. c.). However, if two or more such species arc r epresented togeth er in th e 
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 th e 
modes may provide an es timate of the relative abundance of the species in th e individual 
samples (see also the discussion in WELTEN 1944). Examples of the appli cation of the 
method were shown i. a. for Belula species by WELTEN (I. c .), for Picea species by 
FrnBAS (1927), CAIN (1948) and REICH (1953), and for Pinus species i. a. by CAIN 
(1 940 a) and CAIN and CAIN (1948b). 

In the present material bimodal size-frequency distribu tion curves could be ob tained 
for microspores of Isoiiles, and for pollen of Picea, Belula and Empelmm, and they 
have proved useful fo r a n es tim ate of th e r epresentation of th e various species. T he 
m easurements were always carried out immed iately after th e preparation of th e samples 
in order to aYOid swelling (cp. ANDERSEN 1960) . The measurements were continu ed 
until a r easonably smooth curve was obta ined in each case. 

Isoetes. 

OBERDORFER (1\J31) men ti oned that it may be possible to distinguish th e micro­
spores of Isoiiles echinospora and / . lacuslris by size (cp. ERDTMAN 1943, LANG 1955), 
but GoowIN (1956) expressed some doubt as lo th e possibility of an e!Tective separa tion . 

The microsporcs of Isoiiles a re monolete and th e exin c is surrounded by a loose and 
thin perine, which is connected with the exine only along the furrow (see illustrations 
e. g. in ERDTMAN 1943). The perine is very often wrinkled, and th e m easurements were 
carried out on the exinc alone . The largest diameter parallel to the furrow was m easured. 

Table 3. Measurements of microspores of Jsoeles echinospora, modern (KOH, acetolyzed, 
Aescu/us gum). M = mean size. cr = standard deviation . 

Malinger af mikrosporer af lsoi!tes echinospora , recenle (KOH, acetolysercde, 
Aescu/us harpiks). M = middelst0rrelse. cr = standardafvigelse. 

Ref. no Locality M cr 
D.G. U. µ µ 

2442 North \Vales, England .......... 23.74 ± 1.76 
806 Hardanger, Norway .. . . .. .. . .. . 24.22 ± 1.78 

2399 Les Vosges, France ............ 24 .39 ± 1. 59 
2435 Muonio, Finland ..... . .. . .... . 24.68 ± 1. 53 
2400 NW Jutland , Denmark .. ... . ... 25 .20 ± 1.47 

52 Baden, Germany ... .......... . 25.33 ± 1.1 4 

Total . .. 24.66 ± 1.65 
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Modern material of 6 individual s of each species from different localities was measured. 
The materi al was boiled with KOH (6 min ., in water bath), acetolyzcd, and in thi s 
case mounted in Aesculus gum (cp. C1rn1STENSEN 1954). 100 microsporcs of each 
individu al were measured (size class 1.20 µ). The results are shown in th e tacles 3 
and 4. Modern Cory/us avellana poll en measured in 4 of the preparations averaged 
26.97 µ ± 1.14 µ (100 grains). 

Table 4. ~leas urements of microspores of l soi!les /acuslris, modern (KOH , acelolyzed, 
Aesculus gum). !\ I = mea n size. cr = standard deviati on. 

i\ lalinger af mikrosporcr a t' Isoi!les lacuslris, recentc ( KOH, acelolysercdc, 

Ref. no 
D.G. U. 

2437 
221 

2443 
2440 
2436 

39 

Aesculus harpiks) . M = middelst0rrelse. cr = standardafvigelse. 

Locality 

N W Jutland , Denmark .. ... . . . . 
\V Jutland , Den mark ..... . ... . 
Brandon Mt., Ireland ... . 
\ Ves tmoreland , England .. .. ... . 
S Jutland, Denmark . .. .. .. .. . . 
N orrbotten, Sweden ......... .. . 

Total. . . 

:scetes ecr iri.ospora locusiri.s 

!-!emcn,i BP o 

10½ 

~.adebre~ I 5 7 rr. 

Brnru;, Hotel Bog BP 1 
20% 

10 

\(J 

15 

20 " 30 

~ [ 

µ 

32.11 
32.94 
33.24 
33.77 
3:J.\J5 
34.S l 

33.47 

modern 

ZoneW3a. 
4.91m 

7-: 150 

Zone VI/ 2c 
3.!7rr~ 
Zi25 

ZoneW3e 
2.a:~rn 

L150 

2:one W3 d 
3.06nt 
~ 100 

Zone W3h 
4.03m 

Z181 

li.n-es 

rrnerons 

cr 
µ 

± 1.71 
± 1. 59 
± 2.15 
± 1.74 
± 1. 82 
± 2.10 

± 2.02 

Fig. 2. Size-frequency distributi on in microspores of I soeles, modern and fossil. 
St0rrelsesforcleling hos mikrosporer af Jsoi!les, recente og fossile. 
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It may be seen from the tables that the variation in average size within the two 
Isoeles species mentioned is small. Summation size-frequency distribution curves for 
the species are shown in fig. 2. II may be seen that the overlap of size ranges is small. 
Size-frequency distribution curves for Isoeles microspores from 5 fossil samples are 
also shown in fig . 2. Two species arc obviously represented, and the size cu rves cor­
respond quite well to those for lhe modern Isoeles echinospora and / . lacuslris rnicro­
spores. 

The size-frequency distribution curves for the fossil microspores in fig. 2 show very 
lillle overlap of ranges. Average sizes for the two species from the fossil material are 
shown in table 5 together with lhe aYerage sizes for the two modern species . II appears, 
th at the variat ion between the samples is small. The range of means for the species 
with the smaller microsporcs is 26.4- 28.6 µ , and for the species with th e larger micro­
spores 36.8- 37 .6 µ. 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 lo Isoeles echinospora and /. lacuslris with a great degree of 
probability. 

Table 5. Measurements o f microspores o f Isoeles echinospora and J. /acuslris, modern 
(KOH, acetolyzed, Aesculus gum), and fossil (KOH, HF, acelolyzed, glycerin). 

M = mean size. CJ = standard deviation. 
Malinger af mikrosporer af Tsoeles echinospora og 1. /acuslris, recente 

(KOH, acetolycerede, Aesculus harpiks) og foss ile (KOH, HF, acetolyserede, glycer in). 
M = middelst0rrelse. CJ = slandardafvigelse. 

1. echinospora 1. lacuslris 

Source M CJ M CJ Total Total 
µ µ µ µ 

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 
Rodeba)k I , zone W 2 c .. .. 123 28.61 ± 2.03 
Brnrup Hotel Bog, zone W3e 95 27.47 ± 1. 93 52 36.80 ± 1.85 

- W3d 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 lo one 
of the two species without difficulty. Table 6 shows a list of the percentages of the 
pollen lolal for the microspores referred lo / . echinospora and lo /. lacuslris as found 
by counting, and the corresponding figures computed from the size-frequency distribu­
tion curves. 

Table 6. Frequencies for the microspores of Jsoeles, in percentages of the pollen Iola!. 
Hyppigheder for mikrosporerne af l soeles, i procent af pollensummen. 

Site Depth 
1. echinospora : I . /acusl ris 

% of pollen total 

Heming BP 5 .. . ........ .... . . .. . . 4.91 m. 6.2 26 (6.3 26) 
Rodebrek I 57 m N ................ . 3.1 i 77 2.6 ( 78 1.3) 
Brnrup Hole! Bog, BP 1 .......... . . 2.83 2.3 1.1 (2.2 1.2) 

, BP 1 ........... . 3.06 3.7 0.1 (3.7 0.2) 
- , BP 1 ........... . 4.03 5.5 4.2 (4.9 5.3) 
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Picea. 

W EBER (1898) discovered that the Picea remains in late Pleistocene deposits from 
North Europe represent besides P. abies a species related to P. omorica Pane. WEBER 
(1. c.) 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 Li.ineburg was rather small (MtiLLER and 
WEBER 1. c.) . FrnBAS (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 si milar pollen occurs in the peat from Li.ine­
burg, where \VEBER 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 
th e Northern Alps by REICH (1953), from Switzerland by LUor (1953), and macroscopic 
r emains and pollen referred to P . omoricoides are reported from Poland from the 
Masovian Interglacial (i . a. DYAKOWSKA 1952, BREM 1953, SRODON 1957, SOBOLEWSKA 
1956b). 

N 0 r b.0lti~ : Picea, 
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Fig. 3. Size-frequency distribution in fossil Picea pollen (height of air sacs) . 
Storrelsesfordeling hos fossilt Picea pollen (h0jde af luftsmkkene). 

3 



34 

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 a l Brnrup Hotel Bog (pollen zone h), Hodebrek I, Heming and 
other sites, and in the " upper mud layer" al Brorup Hotel Bog (belonging lo the pollen 
zones W 4- 5 according to the present studies). 

Size-frequency data for Picea pollen from Brorup Hotel Bog and Norbolling are 
shown in fig . 3 (s ize class value 2.30 µ). The dimension measured is the same as that 
measured by the authors mentioned above, i. e. the height of the air sacs al th e line 
where they join th e main body of the grain, seen in side view. As Picea pollen grains are 
large and thin walled the dimensions are easily innuenccd by variations of shape, 
and a careful selection of th e grains to be measured is necessary, if th e distribution 
curves arc not to become loo flat. The curves from Brorup from zone h and th e lower 
part of zone W 4 (at 3.26 m.) appear to be symmetrical with a major representation 
around 69 µ, and the upper curve from zone \\' 4 (al 3.06 m .) is asymmetrical with a 
major peak at 53 µ and a minor representation al 65- 75 µ . The Picea pollen from 
zone W 5 was too scarce to give a sufficient number of mcasurcable grains, and the 
curve is quite irregular. Y cl il may appear that the curve is bimodal loo, with modes 
al ea. 53 µ and at ea. 68 µ . The curves from Norbolling are simil ar lo those from zone 
W 4 at Brorup. The lower curYe (at 3.05 m.) appears to be symmetri cal with a peak 
at 64 µ, and the upper one is asymmetrica l with a major peak at 46 ~1 and a minor 
one at .ea. 61 µ . 

Table 7. Measurements of modern and foss il pollen of Picea 
(height of the air sacs). 

Malinger af recent og fossilt pollen af Picea (hojdc af lufls.:ekkene). 

Source Treatment Mean size, µ 

Picea omorica, Serbia (FIRBAS 1927) . . .. ...... .. . ... . 
( - - ) ... . .. ..... . . . .. . 
( - - ) . .. ....... .. . ... . 
( - - ) . .......... ..... . 

, (FIRBAS and FmeAs 1935) .. . . . . . 
Picea abies, C. Europe, 3 coll . (FmBAS 1927) .. . .... .. . 

- , f. obovala , Finmarken, l\ orway (FmBAS 1927) 
- , N Sweden (REICH 1953) . ............... . 

Lale Pleistocene, Ampass (FmeAs 1927) ... .. .. . . . 
, Schladming ( - - ) .. .... .. . . 
, Hopfgarten ( - - ) . .... . . .. . 

( - - ) ... . .. . .. . 
( - - ) ...... .. .. . ( - - ) ......... . 

, Ltineburg (FmeAs and FmBAS 1935) . . 
, Warth a (STARK and OvERB ECI{ 1932) . 
, Grosswei l-PfefTerbichl (REICH 1953) . .. 
, Morschwil (Liio1 1953) 
, Gondiswil ( - - ) .. .. . . . . . .. . . 

KOH 

Brorup Hotel Bog, zone h . . . . . . . . . . . . . . . . . . . . . . . . . . HF, acet. 
- W 4 (3.26 m.) .... . .... . . .. . . 

53.1 
53. 1 
50. 8 
42 .8 
53.7 

ea. 50 
54.5 

ea. 52 
ea. 47 
ea. 52 
ea. 50 

- W 4 (3.06 m.).. . . . . . . . . . . . . . ea . 53 
, - W 5 . . . . . . . . . . . . . . . . . . . . . . . ea. 53 

Norholling, zone W 4 (3.05 m.) .. . . ... . . .. .... .... . . 
- W 4 (2.95 m .) . . . . . . . . . . . . . . . . . . . . . ea. 46 

67 .2 
68.6 
65.3 

68.6 
66.7 
67.2 
67.2 
69.7 

ea. 68 

? 
ea. 66 
ea . 77 
ea. 7 1 

68.5 
69.9 

ea. 70 
ea. 68 

64.1 
ea. 61 



35 

The s ize- frequency distribution curves from fig . 3 suggest that the Picea pollen 
represents two species, the pollen of which dillers as l.o mean size. The modes represen­
tative of the species with th e larger pollen are found at 60- 70 µ , and the other ones 
at 46- 53 µ. The Picea pollen from Norb0lling appears to be somew hat smaller than 
the pollen found at Brnrup Hotel Bog, presumably clue to differences in the fossilization 
conditions. 

The measurements from Brnrup Hotel Bog and from Norb0lling have been compared 
with the data for modern and fossil Picea pollen in table 7. It ca n be seen tha t th e 
measurements of the pollen from Brnrup Hotel Bog and N0rb01ling 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 Norb01Iing is referable to P. omoricoides and P. abies with a fair 
probability. The measurements show that P. abies is represented alone in the sam ples 
from zone h and th e lower part of zone W 4, and that P. omoricoides and P. abies are 
represented in the samples b elonging to the upper part of zone W 4 and zone vV 5. 
It can be see n from fig. 3 that the size ranges of the pollen from the two species overlap 
considerably, and it is not possible to iden tify individual pollen grains with one of th e 
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 sed imen t from th e 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 represe nted by macrofossils. 

Betula. 

J & M (1928) found macroscopic remains of B. nana and B. pubescens in layers 
co rresponding to those mentioned in the present study. However, B. lorluosa cannot 
be excluded. JENTYS-SzA r-EROWA (1928) reported a difference in the average size of 
the pollen of Belula nana, B. verrncosa and B. pubescens (see table 8), and these results 
were confirmed in th e extensive investigation of ENEROTH (1951), who also showed 
that the average size of the pollen of B . torluosa 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 gra ins can hardly be referred to one of th e 
species. 

Most a ttempts at identifying Belula species in fossil pollen samples by size-statistical 
methods (i. a. J ENTYS-SZAFEROWA 1928, BERTSCH 1931, FIEGRI 1940, 1945, ENEROTII 
1951) have been based upon a direct comparison of uni-modal size curves for fossil 
pollen with mod ern pollen in samples treated with the KOH method. WELTEN (1944) 
obtained b i- or even trimodal size-frequen cy curves for KOH-treated samples. 

WALKER (1955) proposed to distinguish B. nana from B. pubescens by comp utation 
of the average ratio for pore protrudencc lo pollen size (cp . T ERRASMAE 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 lo accurateness and number 
of the measurements, and may become even more laborious th an the method used here. 

In the present material chrmical treatment with HF and ace tolys is have been in­
dispensable. The Belllla pollen grains were measured with a very small size class 
value (0.56 µ). Bimodal size-frequency distribution curves could be obtained, and 
the meas ured results can be used " ·ithout re-calculations (cp. WELTEN I. c.). 

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 
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Table 8. Measurements of modern and fossil pollen of Betula. M = mean size. 
Malinger a f recent og fossil! pollen af Belula. M = mid<lelst0rrelse. 

Preparation 
M, µ (figures in brackets indicate 

Source method 
numbers of collections measured) 

nana I verr. I pubesc. I tort. 

Modern ( J ENTYS-SZAFEHOWA 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 2SO, cone. 18.9 (3) 22.0 (3) 24.7 (4) 
- (ENEHOTH 1951). ... . . ... boiling in KOH 19.4(38) 22.1(11) 

I 
25.0(10) 26.1 (6) 

Fossil, present ma terial .. ... .... · I HF, acetolyzed I 23- 25 27- 29 

(zone h) are approximately symmetrical, and that the other curves are skewed more 
or less obviously lo 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 c and W 2 e). Mode a may be recognized in the curves from 
zone \N 1 and \V 2 a at that site, and mode b in the curves from zone vV 3 a, W 3 d 
and \V 3 e. Mode a can also be recognized in the curves from Rodeb::ck I (zones vV 1 
and W 2c), and mode bin the curve from Berning (zo ne W 3a) . Thus, although slight 
variat ions exist, th e modes a and b may be traced in th e various curves without 
difficulty. 

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

The following picture of the composition of the Belula populations from the three 
sites al 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 nan a pollen dominant, probably with a slight representation of 
B . pubescens pollen. 
Zon e \V 2 a : Simil arly, probably a still smaller proportion of B . pubescens pollen. 
Leaves of B. nana occurred in th e 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. , seep. 56). 
Zon e \N 2c: B . nana and B . pubescens represented almost equally. As it will be 
discussed later (p. 53) most of the Betula pubescens pollen is likely lo be derived 
from older deposits here. ~acroscopic remains were rare in th e layer (layer H, 
J &MI. c.). 
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Zone ,v 2e: B. nana and B . pubescens represen ted almost equally. The sample 
represents th e transition to zone W 3. Rebedded poll en is scarce (p. 53), and the 
presence of B . pubescens pollen indicates a beginning increase in the frequency 
of that species. 
Zon e vV 3a, d and e: The 3 curves from the zone are uniform. B . pubescens pollen 
domin a tes, 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 &MI. c.). 

Rodebrek I. 
Zones W 1 and W 2c: 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 2c, and such remains of B. pubescens were rare (layer D, J &MI. c.). 

Herning. 
Zone ,v 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 &MI. c.) . 

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

Table 9. Frequencies for the Belula pollen, in percentages of 
the pollen tota ls. 

Hyppigheder for pollen a f Belula, i procent af pollensummen. 

Heming BP 5 (STA) ...... ..... . 4.85 m. 41 % 4.31 m. 26 % 
Rodebrek I 57 m N ....... . .. .. . . 3. 17 34 5.88 17 

79 m N . . . .. ..... . .. . 4.34 36 6.82 24 
Brnrup Hotel Bug BP 1 (STA) ... . 2.77 67 7 .36 28 

3.06 52 7.51 40 
4.25 65 

The lowermost line in each size-frequency distribution curve in flg 4 shows frequencies 
of the pollen occurring in th e various size classes in per cent of the pollen Iola!. 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 Betu/a nana 
pollen at Br0rup Hotel Bog are rather constant in th e zones " . l - V1T 3, and that th e 
frequencies for the Betula pubescens pollen vary considerably. Hence, the changes in 
the Belula curve seen in the pollen diagram (plate VI) are due mainly to changes in 
the frequencies for Belula pubescens pollen. 

The Belula pollen found in the subzones W 2b and d at Brorup Hotel Bog was not 
suited for m easurements, 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 Belula pollen in subzo ne W 5 b (BP 2 (STA), see p. 60) suggest dominance of 
B. pubescens pollen . 

Empetrum. 

The pollen tetrads of Empelrnm have often been identified in fossil state (sea, C short 
and irregular). A substantial difference in average size between the pollen tetrads of 
the diploid E. nigrwn and the tetraploid £. hermaphrodilwn was mentioned by F!EGRI 
(1936) and by EnnTMAN (1938, 1943). FJEG HI (1945) demonstrated the presence of 
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Table 10. i\·leasurements of modern and fossil pollen tetrnds of Empe lrum. i\I = mean size. 
i\ l,\l inger af recente og fossile pollen-telrader af Empelrum . M = m iddelst0rrelse. 

Source Treatment 
n igrum 

O v EHBECK 1934, modern ... . . .... ... . ...... . 
EnoTMAN 1943, modern . . ...... . . . ........ . . 
F .EGHI 1915, modern .... . . .. ... .. .......... . 

1915, ............. . ......... . 
1945, Postglacial .. . ....... . .. . . . .. . . . 

JESS EN 1949, modern .......... . .... . . . . . .. . 
1949, Late-Glacial .. .. . .. . . . ...... . . . 

Brnrup Hotel Bog, zone W 1 (BP 1) .... . . ... . . 
, W 1 (BP 1) . ...... . . . . 

- , all other samples ..... . . . .. . 
- , zone W 5 (BP 2) .......... . 

Rodeb.:ek I, zone h (79 m.) ............. ... .. . 
h(57m.) ...... . . . . . . ... ... . 
W 1 (79 m.) . . . ...... ... ... . 
W 1 (57 m.) ........ .. ..... . 
W 2c (57 m .) ... ... ... .... . . 
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Rodebmk I. 

fossil pollen tetrads of E. hermaphroditum in a subalphine bog in Southern No rway, 
and J ESSEN (1949) demonstrated the presence of E . nigrnm 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 Empelrum 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 µ). Measurements of inflated and crumpled tetrads 
are shown separately. It appears that the dillerence 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 al Brorup Hotel Bog (fig. 5) 
are skewed with principal modes a l 31.2- 32.4 µ , and smalJ secondary ones al ea. 
40- 41 µ . It appears that both E. nigrnm and E . hermaphroditum are represented , and 
that E. nigrum pollen was dominant. A curve for all inflated Empelrum tetrads found 
at BP 1 is also shown in fig. 5. The size-frequency distribution curve is similar Lo the 



41 

curves from zone W 1 with a slight, but obvious representation of E. hermaphrodilum 
pollen. All tetrads (inflated ones as well as crumpled ones) la rger than th e 38.4 µ size 
class (indicated by a vertical line in fig. 5) have been included in the curve for E. herma­
phrodilum shown in the pollen diagram from BP 1 (plate VI). At BP 2 Empelrum 
pollen occurred in the zones W 3 e, W 4, W 5 and W x. In the zones W 3 e and W 4 
the Empelrum letrads were too scarce for a size-frequency di stribution curve. Only one 
letrad (zone \V 4) was larger than 38.4 µ , and it may belong to E. hermaphrodilum. 
The measurements from zone W 5 (see fig. 5) show that there is only a slight, if any, 
representation of E. hermaphrodilum (lclrads larger th an 38.4 µ). In pollen zone W x 
only crumpled pollen lelrads occurred, and th e number of tetrads measured is small , 
still it may appear from the curve shown in fig . 5 that some tetrads larger than 37 .2 µ 
may be referred to E. hermaphroditum. 

Al Rodeb~k I th e Empelrum pollen was less well preserved . It appears from th e 
curves shown in fig. 6 th at E. nigrum and E. hermaphrodilum are represented, E. herma­
phrodiltlm pollen was apparently rare or absent in zone h, and th e pollen of th e species 
was rather common in th e zo nes W 1 and W 2 c. The vertical lines in fig. 6 indica te an 
approximate lower size limit for E. hermaphrodilum pollen tetrads in the various cases . 

At Heming and at Norbolling the numbers of Empelrum telrads were too small fo r 
size-studies. However, presence of E. nigrum alone is indicated . 

Plantago. 

Plan/ago pollen grains in the present material have been identified with P. lanceolala, 
P. marilima s. I. and P. media. The characters used for th e id entifications is shown in 
table 11. The pollen of the species represented in the table falls into two major groups 
according lo the presence or absence of a po re annulus (cp. IVERSEN 1941). The pollen 
grains of Li/lore/la uni(lora resemble those of P. lenui/lora (see table 11), but they are 
considerably larger. 

P. /anceo /ata. The pollen grains of th e species have annulatc 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. lanceolala and P. coronopus, and in 39 fossil pollen grains referred to P. lanceolala 
are shown in the tables 12- 13 and in fig . 7. It can be seen that the pollen of P. coronopus 
and P. lanceolala differ essen ti ally as to pore number, and that the fossil grains a re 
comparable with th e modern P. /anceolala pollen. The fossil pollen grains have been 
found in th e interglacial depos its, and in the zones W 1 and W 2 (see plate III) . REICH 
(1953) and WEST (1957) mention th e occurrence of pollen of P. lanceolala in depos its 
from the Eem ian Interglacial in Germany and England. 

The pollen grains of P. lanceo/ala found in the zones W 1 and W 2 in the presen t 
material occur in such a manner th at they may be considered lo be rebedcled from th e 
interglacial layers (sec p. 54). The species is not represented in the cl imatically favorable 
zones W 3- W 5, and it appears that th e species became extinct in Jutland during 
the zones W 1- W 2. Finds of the species are very rare in th e Late-Glacial and in th e 
early Postglacial (IVERSEN 1941, 1954, GoowrN 1956). IVERSEN (l. c.) considered the 
Danish Late-Glacial finds to be unreliable, and it is suggested that P. lanceolala became 
extinct in a wide area in Europe during the vVeichselian Glacial. 

P. marilima s. I. Genetic relationships and differentiation within this interesting 
complex have been the object of a thoro ugh study by GREGOR (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. Character isti cs for pollen of Plan/ago species (as seen with ordina ry optics, 
unless oth erwise stated). 

Karakterer for pollen af P!antago arter (set med almindelig optik, 
m edmindre a ndet er nawnt). 

Species P num ber P delimita- P structure 
Li on ( ~) (y) 

/anceo/ala .. ................ (7)9- 12(16) annula te opercula te 
(3b)') (3)') 

coronopus .....•........ . . .. . (4)6- 7(9) annulate (3 b) operculate, 
rarely 
granulate 
(2- 3) 

alpina, carinala, juncoides, mari-
Lima var. salsa , serpenlina .. . ( 1)5- 8(11) annu.late granulate, 

(3a- b) rarely 
opercul ate 
(2- 3) 

marilima p .p . . . . . . . . . . . . . . . . ( 1)5- 7 (8) distinct (2) granula te (2) 
m edia .. . . . . . . . . . . . . . .. .. . . . distinct (2) ') gra nula te 

(2)') 
monlana ....... . . .... . ... . .. diffuse ( 1) granula te (2) 
major . . . . ..... . . ........... di!Iuse ( I) granula te (2) 

lenuiflora .. . . . . . . .... . .. . . .. > 9 diffuse ( 1) granulate (2) 

1) cp. BRADLE Y 1958. 

4 5 6 8 9 10 11 12 13 114, 15 
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Fig. 7. Pore number-frequency distribu tion in modern pollen of Plan/ago coronopus a nd 
P. lanceolala (black), a nd in foss il pollen of P. lanceolala (while, cp. th e tables 12- 13) . 

Fordeling af pore-antal hos recent pollen a f Plan /ago coronopus og P. /anceolata (sort) og 
hos fossi lt pollen af P. lanceolala (h\'id , sml. label 12- 13). 
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Table 12. Pore number-frequency distTibution in modern pollen of Plan/ago coronopus. 
M = mean number. cr = standard deviation. 

Fordelingen af pore-antal hos recent pollen af Plan/ago coronopus . 

Ref. 
no. 

DGU 

2535 
-

2836 
2841 
2534 

M = middell al. cr = standardafvigelse. 

Source 

N Sjrelland, Denmark ... > 1 100 2 21 64 11 
AchHl Island, Ireland .. . > 1 100 15 64 21 
Surrey, England ....... 2 100 8 51 37 
Cannes, France .. ... . .. 1 100 3 40 56 
S Sjrolland, Denmark . . . > 1 100 9 62 

2 5.90 1 ± 0.69 
6.06 ± 0.60 

4 6.37 ± 0.69 
1 

5 I 
6.55 ± 0.57 

24 7.25 ± 0.68 

Total. . · I 600 I 2 I 47 1228 1187 I 31 I 5 I 6.43 1 ± 0.64 

Barnfoud, P. borea/is Lge., P. maritima L., P. alpina L. and P. carinala Schrad. a re 
diploid and intcr[crtile forming a coeno-species, P. coeno-marilima, which co ntains 
widely varying ecologic ty pes and clines. In the Alps tetraploid populations occu r, 
which are cross-inco mpatible with the diploids. Their taxonomic relationship is not 
very clear (cp. GREGOR I. c., EA RNSHAW 1942), but it ap pears that the tetraploids occur 
m ainly in P. serpenlina All., which is res tricted to the Alpine area. 

The morphologic characteristics of pollen from species within the P. marilima 
complex will appear from table 11. In a large m aterial 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, north ernmost Norway and the 
Scoltish Highlands) and the lowlands of Central E urope outside of the Alps have 

Table 13. Pore number-frequency distribution in modern and foss il pollen of Plan/ago /anceolala. 

Ref. 
no. 

DGU 

28 12 
2813 

-
1615 
2786 
2811 
1633 
2838 
2824 

M = mean number. cr = standard deviation. 
Fordelingen af pore-antal hos recent og fossill pollen af Plan/ago /anceolala . 

M = middeltal. cr = standard afvigelse. 

Source 
I 
No. or l Pollen I Pore number I 
plants ! total 7 18 1 9 l 10 l ll l l2 l13l14l15 l161 ~

1 cr 

Genoa, t~ ly .... . . .. . .. 1 100 3 25 38 29 5 9.08 ± 0.92 
Sommcrset, S England ... > l 100 2 17 44 25 11 1 9.29 ± 0.97 
Stockholm, Sweden ..... ? 100 9 40 34 13 4 9.64 ± 0.96 
Gola land, Sweeten ... .. .. ? 100 2 8 22 47 17 4 9.8 1 ± 1.01 
S Sjrelland, Denmark .... > 1 100 3 16 33 28 7 10 1 2 10.64 ± 1.41 
Cluj , Romania . .. .. . . . .. 1 100 7 22 44 21 5 1 10.98 ± 1.00 
W Sjrelland, Denmark .. . 1 100 2 9 26 25 29 4 5 11.02 ± 1.30 
Wien, Austria .... . . .... 1 100 3 6 27 25 16 9 8 3 3 11.37 ± 1.77 
Galicia, Spain . . .. . . . ... 1 100 3 12 30 28 20 4 3 11. 74 ± 1. 27 

Total.. · I 

!Fossil , zones h- W 2 . ... · I 
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pollen grains with non-annulate pores. Plants from maritime and inland h abitats in 
Denmark (cp. IVERSEN 1936b) di!Ier 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 (I. c.) that a 
major discontinuity occurs in the North Atlanti c populations of the coeno-species 
between North America-Greenland and Iceland-North Europe. The annulate pollen 
type domina tes also in plants from the Alps corresponding to P. alpina, P. serpenlina 
and P. carinala, and in plants from Southern Russia and Asia belonging to P. marilima 
var. salsa (Pallas) Pilger. 

By courtesy of Professor J. W. GREGOR pollen from arteficial hybrids of diploid 
P. alpina and diploid North European P. marilima, 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 Plan/ago marilima and 
allied species, and in fossil pollen of P. marilima s. 1. 

M = mean number. cr = standard devia tion. 
Fordelingen af pore-antal hos recent pollen af Plan/ago marilima og 

beslregtede arter og hos foss il! pollen af P. marilima s. 1. 
M = middellal. cr = slandarclafvigelse. 

Source I Pollen / Porn number I M I 
J total 1 I 2 I 3 4 I 5 I 6 I 7 I 8 I 9 I 10 f 11 

1 

P. marilima, N Europe . . .. I 
Fossil, non-annulate, I 

zones W 1- W 5 .. . . .. . . 

cr 

± 0.82 

± 0.95 
P.juncoides ............ · 1 1000 

11 
6 11 68 248 387 203 66 10 5.92 1 ± 1.14 

P. carinala . . . ..... .. .... 200 2 7 48 97 40 6 6.11 ± 0.85 
P. marilima var. salsa .... · 1 600 

1 I 
6 106 290 145 40 10 1 2 6.25 ± 0.76 

P. alpina ........ . .. . . . . 1100 2 3 26 122 333 365 193 42 11 2 6.67 ± 1.1 9 
P. serpenlina ... . .. .. . . .. 600 1 8 40 134 180 101 30 5 1 6.73 ± 1.10 

Fossil, annulate, I I I I I I I 
zones W 1- W 5. . . . . . . . 28 4 I 6.3 2 1 ± 0.77 

Fossil pollen referred to P. marilima s. 1. occurred quite frequently, especially in 
zone \V 2. Both the annulate and the non-annulate type occur and arc rather well 
distinguished (see plate IV). Among 65 pollen grains counted in th e poll en analyses 53 
grains belonged to the non-annulate type and 12 grains to th e annulate type. The non­
annula te pollen grains belong no doubt to th e North European P. marilima, a species 
of " ·ide distribution and highly variable h abitat preferences. They most closely resemble 
pollen from plants from inland habitats. The identity of the annulale 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 th e much larger population 
of plants with pollen of the non-annulate type. It thus seems to be more likely that the 
fossil pollen of annulatc type represents tetraploid plants. As mentioned above the 
chromosome numbers of th e alpine species arc not known very well, but it appears 
that tetraploids occur only rarely in P. alpina (cp. GREGOR 1. c.). Hence, it is suggested 
that the fossil pollen grains of annulate type belong rather to P. se1penlina, but a clear 
identification is not possible at the present. Pore number frequency distribution in 
various modern types and in th e 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. marilima (black), and in fossil pollen of P. maritima s. 1. (white, cp. table 14). 

Fordeling af pore-antal hos recent pollen af Plan/ago arter besl::egtede med P. maritima (sort) 
og hos fossilt pollen af P. maritima s. 1. (hvid, sml. label 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), 
W 4 (1) and W x (1). VAN DER HAMMEN (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. 

Plan/ago media. Pollen grains referred to the species were recorded from all the 
pollen zones. 



I\'. DESCRIPTIONS OF THE SITES AND 

THE POLLEN DIAGRAM S 

BR0 nur HOTEL Boo 

After th e 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 J ESSEN, MADSEN, M1LTHERS and NoRDMAN 1918). J &M 
(1928) found some new si tes in that neighbourhood, among which was the one named 
after Brorup Hotel, in the garden of which ii was located. Later on th e grounds came 
into the possession of the Sports Club of Brorup, and a football field was established 
on top of th e interglacial bog. The Sports Club of Brorup has generously allowed 
borings on the football field , but the existence of the field bas put ce rtain limitations to 
lhe new geologic activities. 

Sediments. 

The Brorup Hotel Bog and Brorup itself arc situated on a high plateau, which forms 
a divide between the rivers l(ongciicn and Hoisted A (sec the maps, fig . 2 in J &?II 
(I. c.) and fig . 11 p. 123). The site was not reached by th e Weichselian glaciation , but 
according to th e map of M1LTHERS (1948) the outermost position of the glacier was 
found on ly a few hundred meters northeast of the site. J &M (1928) co nstructed a 
transect of th e Eemian Interglacial deposit and its covering layers from borings and 
excavations (I. c., pl a te XIII), and their profile is referred to as for th e general conditions 
of th e bog. The basin is remarkable for its small size (ea. 50 meters across) and its 
deepness (up to 10 meters , see also J &M, I. c., p. 88). 

In 1954 a new boring (BP 1, STA) was ca rried out near the position of BP 3 (J &M). 
The sequ ence 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 1 a and BP 2, STA) were made, their main purpose being to obtain 
a better representation of the youngest layers, and to obtain larger samples for enriched 
C 14 measurements (p. 131). The boring BP 1 a (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 th e stra ta are gradual, if not otherwise slated . 

0.00 - 0.70 111 . 

A 0.70 - 1.40 111 . 

B C 1.40 - 2.69 111. 

E 3 2.69 - 2.80 m. 

13P I (STA) 

Maci e ground. 
Agricultural so il. 
Grey sa nd , lowermost some stones. Lower limit sharp. 
Humified herbaceous and mossy peal with so me cl y? (Th 3 2, 
Sh 2). Strongly stratified. Leaf epidermis of Larix (2.79 m.). 
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E4 

E5 

F1 
F2 

Hl 

H2 
J 1 

2.80 - 3.12 m. 

3.12-3.74 m. 

3.74 - 3.89 m. 
3.89-4.24 m. 

4.24-5.89 m. 

5.89-6.00 m. 
6.00-7.41 m. 

Argillaccous coarse-detritus gyttja. Coarse-detritus occurring 
especially at the uppermost and the lowermost parts of the 
stratum (Dg 1, Ld2 2, A 1) . 
Non-humifted herbaceous peat (Th1 4) . A catkin scale of Belula 
pubescens (3.20 m.) and seeds of Menyanlhes lrifoliata (3.50 m.). 
Coa rse-detritus gyllj a (Dg 2, Ld2 2). 
Argillaceous coarse-detritus gyllj a (Dg 1, Ld2 2, A 1). Fruits of 
Belula pubescens and Carex sp. ( 4.00 m.). The lower limit sharp. 
Sill and clay with some sand and fin e-detritus (Ld2 1, A 2, 
Ga + s 1). Above 4.35 m. the deposit consisted of small, angular 
lumps. Dopplerite occurred between the lumps. 
Clay or sill with a lillle fine-detritus (Ld2 0- 1, A 4). 
Coarse-detritus gyttja (Ld2 2, Dg 2), below 7 .20 m. rather much 
humified substance and some drifted fragments of herbaceous 
plants (Ld 3 2, Dh 1, Dg 1). Leaves of Betula nana (6.60 m .). 
The lower limit sharp. 

J 2 7.41-7.46 m. Rather humified herbaceous peat (Th 3 4). 
J 3 7.46-(7.79)m. Wood peat with much ± dissolved wood (Tl 4 4). Above 7.55 m. 

charred wood of Picea. 7 .64- 7 .68 m. a horizontal branch or 
trunk of Alnus glulinosa. The interglacial deposits extend to 
9.60 m. 

In the terms of J &M (1928), stratum J constitutes th e "lower mud bed", stratum H 
the "middle bed", the strata E and F th e " upper mud horizon", and the strata A- D 
the covering deposits. The equivalent of layer G described by J & M (1. c.) as sandy 
mud has nol been refound with certainty. It corresponds probably lo a part of layer H, 
as described here. 

0.00 - 0.65 111. 

AC 0.65 - 2.50 m. 
D 2.50 - 2.60 m. 

E 1 2.60 - :l.07 m. 

E2 3.07 -3.22 m. 

E3 3.22-3.30 m. 

E4 3.30 - (3.49) 111. 

BP 2 (STA) 

Made ground. 
Sand. 
Argillaceous sand with some fine-detritus (Ld2 1, Ga + s 2, A 1). 
The lower limit sharp. 
Humified herbaceous peat, strongly stratified (Th 4 4). Upper­
most some fin e sand . Roots of Cal/una vulgaris (2.64- 2.91 m.). 
Especially below 2. 91 111 . many remains of Eriophorum vagina/um. 
Wood peat with many thin tree roots (Tl4 4). Twigs of Cal/una 
vulgaris and Belula cf. pubescens, wood of Pinus. 
Humified herbaceous peat, strongly stra tified (Th 4 4). 1 seed of 
Carex (3.26 m .) and several seeds of Menyanthes lrifoliala 
(3.29 m.) . 
Argillaceous coarse-detritus gyttj a, coarse-detritus especially at 
the uppermost pa rt (Dg 1, Ld2 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 res ults are shown in table 15. 
It can be seen from table 15 that sil icates completely dominate th e ash con tent. 

Carbonates and fe rrosulfides have been insignificant, as the content of CaO and Fe20 3 

is very low. 
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Table 15. Brnrup Hotel Bog. Analyses of ash content. The fi gures indicate percentages of 
the dry weight. 

Brnrup Hotel Mose. Analyser af aske-indhold. Tallene angiver procenter af torvregten. 

Stratum I Depth (BP 1) I Soluble in warm, diluted HCl I Inso_luble I Total as h 
Fe,O 3 CaO MgO Al,O, residue content 

E 5 3.49- 3.60 m. 0.3 0.6 0.1 1. 7 16.3 19.5 
1-11 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) arc shown in table 16, 
and in fig. 9 (right side, hatched area and black bars). II may be seen th at th e organic 
content varies highly. T hus the organic content is very high in the peaty layers (loss 
on igni tion in layer E 3: 97 %, E 5: 90% , J 1 (below 7.20 m.): 82 %). In the detritus 
gytljas (layers E 4, F 2, J 1) the values fo r loss on ignition vary from 64 lo 24%. In 
the strata H 1 and H 2 th e organic content is low (loss on ignition down Lo 7 %) . 

Table 16. Brorup Hotel Bog. Determinations of organic content. 
The fi gures indicate percentages of the dry weight. 

Brnrup Hotel Mose. Bestemmelser af organ isk indhold. 
Tallene angiver procenter af torvregten. 

Stratum Depth Loss on Stratum Depth " Humus" 
(BP 1) ignition (BP 1) content 

E 3 2.71 m. 97.2 % E 4 2.98 m. 27.1 % 
2.79 57.2 E 5 3.49-3.60 73.2 

E 4 3.00 40.2 3.70 83 .5 
E 5 3.53 80.5 1-1 1 4.46- 4.57 8.1 

3.70 90.0 5.08- 5. 19 11.4 
F 3.85 44.5 5.58- 5.70 14.3 

F 2 4.00 23.9 5.86 22.0 

I-I I 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 

I-12 5.96 7.2 
J 1 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 sp icules) a re 
Yirlually 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 allochlonous 
mineral maller, and sed imentation of organic maller . Thus it may b e seen in fig . 9 
that the mineral content increases strongly in th e 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. T he sedimentation of allochtonous 
mineral matter had apparenlly increased strongly. This change was probably due to a 
cooling of the climate (cp. p. 14). 

4 
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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 conten t in the layers F 2 and E 4 correspond to rises in th e 
local water level in connection with minor climati c oscillations. 

Pollen Analyses. 

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

Rebedded Pollen. 

J &M (1928) noticed that the mineral layers, which co nstitute the " middle bed" 
(layer H) contained rolled fragments of wood of Picea and lumps of mud, which 
conta ined fru its and leaves of Ajuga rep/ans, Alnus glulinosa and Picea abies. They 
ascribed these r emains to r e-deposi tion from the interglacial bed below (1. c., p. 85). 
Hence, it is obvious that rebeclclecl interglacial pollen and spores also must be suspected 
lo occur. 

The frequency for the pollen from the most th ermophilous trees and shrubs was 
calculated for each sample ( :E " thermophilous trees and shrubs", which comprises 
the pollen of Alnus, Cwpinus, Cory/us, Frax inus, Ilex, Quercus, Taxus, Tilia, and Ulmus). 
All of these trees a nd shrubs are known to have occurred in the Eemian Interglacial, 
and it was co nsidered that th eir pollen must cert ainly be secondary in the layers from 
the cool intervals, if a ny rebedcled pollen occurs there. A curve for the pollen of th e 
" thermophilous trees and shrubs" is shown in fig. 9 (black silhouette), and it may he 
compared with the values for mineral and organic content (cp. ahon). Its values a re 
high in the peat from zon e h (up to aboYe 25 % ), but this pollen disappears almost 
completely in th e course of the zone, and it is very rare in zone W 1, presnmably clue 
to d ecreased tempera ture. This result correspond s to the opinion of J &M (I. c.), th a t 
the interglacial stage was followed by a cold stage. The curve for " th ermophilous 
trees and shrubs" ri ses again in zone \,V 2, but the pollen of these plants becomes ra re 
again in zone \V 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 th eir pollen must he secondary there. 

It appears from fi g. 9 that there is an intimate relationship between th e curve for 
:E " th ermophilous trees and shrubs" and th e amount of mineral mailer occurring in 
the sed iments from zone \V 2. Hence, it may seem clear that the in cidence of that 
pollen was connected with erosion, and th a t it had been washed into the lake together 
with the allochtonous mineral mailer. The rebeclded pollen is also present in the samples 
from the b eginning of zone \V 3, hut only in very sm all amounts. The erosion was 
apparently less intensive at that time, but the frequencies of the secondary pollen 
may also have become d epressed som ewhat clue to a high pollen production from th e 
contemporaneous Belula fores ts. 

As the samples from zone Vv 2 are contaminated with older pollen, they give, of 
course, rather uncertain information about th e composition of the contemporaneous 
vegetation. The pollen of the " thermopbilous trees and shrubs" must certainly be 
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Fig. 0 . Relationship of reb edded pollen to mineral and organic con tent of th e 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" 
(ha tched silhouelle, percentages o f the pollen totals) . Right s ide: Sed im en ts, " humus" 
content (black bars, percentages of the dry weight), and loss on ignition (hatched silhouette, 

percentages of the dry weight). 
Forekomst af omlej ret pollen i forhold til mineralindhold og organisk indhold i sedimen­
terne, Brorup Hotel Mose, BP l. Venstre side: Pollenzoner, summen af pollen fra "varme­
krieYende tneer og buske" (sort silhouet, i procent a f pollensummen), og "all sekundlErt 
pollen" (skrawret silhouet, procent a f pollensummen). Hojre s ide: Scdimcnter, "humus" 
indhold (sorte sojler, i procen t a f torviegten), og glodetab (skraveret silhouet, i procent af 

torvlEgten). 

consid ered to be rebedded , but so me doubt must remain as to th e origin of the other 
pollen and spore types found in zo ne \V 2. The source of th e rebedded pollen cannot 
be explored, as it must be assum ed that such layers were destroyed by the erosion, 
and it ca n only be sa id th at th ose deposits must have b een older than zone W 2. Absence 
of Terti ary poll en, 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 
deposi ts from the Ecmian Interglacial and from zone \V 1. Such deposits would 
certainly have been immediately available fo r erosion, and it may be expected that 
other pollen and spore types from these deposits may occur as rebedded too . However, 
pollen from plants cha racteristic of forcstlcss conditi ons may be primary. 

3 groups o[ componen ts may, accordingly, occur in the pollen fl ora of the highly 
mineral sed iments from zone W 2: 

(1) Pollen belonging lo th e " thermophilous trees and shrubs". Its secondary origi n 
seems to be rather clear, 

(2) PolJen from other plants, which are likely lo have been represented in deposits 
from the Eemian Interglacial, and from zone \V 1, such as Picea, Belula, 
Calluna, Empelrum, Arcloslaphylos, 

(3) Pollen from plants characteristic of forestless conditions such as Salix, Gramineae, 
Cyperaceae, Arlemisia, Rumex, Plan/ago marilima 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 L " thermoph ilous trees and shrubs" shows a 
very intimate rela tionship to the erosion activity. It may thus be used as a measure 
for the degree wi th which the samples arc contaminated with derived pollen . A pre­
liminary glance at the pollen diagram from BP 1 (plate VI) will show that th e curves 
for the genera mentioned in group (2) above arc actu ally parall el to th e curve for L 
" thermophilous trees and shrubs" in zone W 2. The curves for th e plants from group (3) 
show an opposite trend . Thus, the curves for th e plants from group (3) decrease sharply 
in the clay layer H 2 (subzonc W 2b), where the curve for rebcddcd pollen reaches 
maximum values, and their values increase immediately above that layer, in cor­
respondancc wi th a minimum for secondary pollen (subzo ne vV 2 c, see especially th e 
curves for Salix (17)1), Gramineae (19), Cyperaceae (20), Rumex acelosella type (21), 
Polen/ilia (22), Ga/ium type (23), Tubuliflorae (24), Liguliflorae (25), Arlemisia (26), 
As/raga/us alpinus (31), Lo/us (32), Planlago marilima (34). Hence, the pollen types 
mentioned can hardly belong to the rcbeddcd group . 

The correlation with the curve for L " thcrmophilous 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 accord ing 
lo FISHER (1944). 

Table 17 shows that there is a close direct correlation between the incidence of th e 
pollen belonging to L " thermophilous trees and shrubs" and the pollen of Picea, 
Calluna, Empelrum 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 Arcloslaphylos 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 c). The Arlemisia pollen shows negati ve 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 P/anlago 
marilima pollen shows negati ve correlation too, but th e significance of the co rrelation 
is a little doubtful. However, the curve for the species is correlated positively with the 
Arlemisia curve in a significant way (sec table 17). 

1) The fi gures in brackets indicate the curves in the pollen diagram (plate VI). 
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Table 17. Br0rup Hotel Bog. Correla ti on with :E "thermophilous trees and shrubs". 
N = number of pairs. r = coefficient of correlation. cr = standard deviati on . 

Brnrup Hotel Mose. Korrelalion mcd :E " thcrmof1l e tracer og busk e" . 
N = antal par. r = korrclationskoefficienl. cr = slandardafvigelse . 

I 

Smal les t 
Samples Zones N value of r 
(BP 1) r cr for 

P = 0.05 

Picea .. .. ............ 6.90- 2.77 m.W2a- 3c 38 + 0. 89 ± 0.03 0.32 
Calluna ...... .. . . .. . . 6.90- 3.97 2a- 3b 27 + 0.70 ± 0.10 0.38 
Empelrum .... . ....... 6.90-3.97 2a- 3e 27 + 0.69 ± 0.10 0.38 
Arel. uua-ursi . . . .... .. . 6.90- 3.97 2a- 3b 27 + 0.22 ± 0.18 0.38 
Pinus ................ 6.02-3.97 2a- 3b 20 + 0.89 ± 0.05 0.44 

Arlemisia .. .. .. ... .... 6.02- 4.28 2b- 2e 14 - 0.65 ± 0.15 0.53 
Plan/ago marilima ..... 6.02- 4.28 2b-2e 14 - 0.45 ± 0.21 0.53 

Correlation with Artemisia 

Plan/ago marilima ..... 7.99- 2.69 Wl -4 45 + 0.49 ± 0.08 0.29 
As/raga/us alp. . .. 6.90- 2.83 2a- 2e 38 + 0.27 ± 0.15 0.32 

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

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

The curve for th e pollen of Juniperus (18) contains un certain points too. In zone 
W 2 a- 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 subzonc c), 
and the Juniperns pollen found there is presumably primary. In zone \V 2d- \V 3b 
this curve resembles the curve for the :E " thermophilous trees and shrubs", and some 
of the Juniperns pollen found there may be secondary (see also p . 95). 

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

According to th e obserYations just mentioned the pollen grains and spores from the 
following plants occur in zo ne W 2 and \V 3 a- b in such a way that all of' them or most 
of them may be considered to be secondary wi th a reasonable certainty (cp. lhc poll en 
diagram from BP 1, plate \'I and table 28), 
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Carpinus (1) 
Quercus (2) 
Ulmus (3) 
Tilia(4) 
Fraxinus (5) 
Alnus (6) 
Cory/us (7) 
Taxus (8) 
Ilex (table 28) 
Hedera ( table 28) 
Pteridium (9) 
Betula pubescens ( \\' 2 b- d) 

Picea (10) 
Pinus (11, W 2b- 3b) 
Calhma (12) 
Empelrnm spp. (13- 14) 
Arclos/aphylos uva-ursi (15, some 

primary pollen in \V 2c?) 
.Juniperns (18, W 2d- 3b (?)) 
The/ypleris palustris type (57) 
Osmunda cf. cinnamomea (58) 

regalis (59) 
Sphagnum (76, W 2d- 3b (?)) 

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 \Yith confidence be regarded 
as primary, e. g., 

Betula nana 
Sa /ix (17) 
Juniperus (18, \Y 2 a- c) 
Gramineae (19) 
Cyperaceae (20) 
Rwnex acelosella type (21) 
Potentilla (22) 
Galium type (23) 
Tubuliflorae (24) 

Liguliflorae (25) 
Arlemisia (26) 
Astragalus alpinus (31) 
Lotus (32) 
Plan/ago maritima (3-1) 
Thalictrnm (42) 
Sphagnum (76, \Y 2 a- c) 

The pollen grains and spores from some of th e aquatic plants arc res tri cted almost 
entirely to th e subzones a, c or e, where the seco ndary influence is al minimum. They 
must, accordiDgly, be considered as primary with great certainly. This group includes 
the following plants, 

Myriophyllum alterniflornm (60) 
spicalum (61) 

Callilriche (62) 
Ranunculus lrichophyllus type (63) 
Eu-Potamoge/on (64) 

Jsoetes echinospora (66, the few occur­
rences from the subzones b and cl 
secondary?) 

l soeles lacuslris (67) 
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 th e 
case for the follow ing finds from zone \V 2, 

Frangula alnus (38) 
l'accinium type (table 28) 
Plan/ago lanceolata (33) 
Mercurialis perennis (table 28) 

Stellaria lwloslea (table 28) 
Nuphar lutewn (67) 
Lylhrum salicaria (table 28) 
Hydrocoly/e vulgaris (table 28) 

All the other rare find s from zone\\' 2 must be regarded \,·ith ca ution. Their probable 
origin will be discussed at more detail in chapter V. 

A curve for a total of all pollen types, which arc considered to be second ary is also 
shown in fig . 9. The graph shows that this curve too is cl early parallel to the mineral 
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proportion of the samples as reflected by th e nlucs for loss on ignition and " humus" 
co ntent. In th e pollen diagram on plate VI th e parts of the curves whi ch are assumed 
to represent mainly secondary pollen arc marked in a special manner (s tri a tion a nd 
punctuation of th e cu rves). However, the error introduced by the seco ndary pollen 
should be kept in mind at a co ns id eration of th e curves for th e presumed primary types. 

Average frequencies for certain pollen and spore ty pes in th e variou s zones arc 
sho\l'n on plate XV. For th e subzo ncs \Y 2b- d th e percentages have been based on a 
poll en sum , ,vhi ch om its all seco ndary ty pes mentioned on p . 54 and half of th e Be/11/a 
po ll en (ass umed lo represent seco ndary Be!L,/a pubescens pollen) . 

In the deposits from zone \V 3 th e influ ence of rebedd ed pollen is r es tricted to the 
subzo nes a and b, and h ere it is of small importance. A large number of the plants 
represe nted there do not occur or are very rare in zone \V 2. Such find s can hardly be 
der ived a nd are quite certa in to be of primary origin. 

Pollen Zones. 

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

During the Eemian Int erglac ial th e local hydrosere led to formation of a forest peal ( J 3). 
This peat contains wood of A/nus glulinosa and Picea abies, and reflects an interglacial low 
water level. J & ~! ( 1928) did not distinguish thi s stratum, but from the upper part of the 
interglacial layer th ey mention macroscopi c remains of A/nus g/ulinosa, Picea abies, Belula, 
Carpinus belu/us and Ajuga rep/ans. The burned wood of Picea indica tes a local forest fire. 

Th e pollen spectra are dominated completely by pollen and spores from the local rngeta­
ti on and refl ect mainly the local succession. 

A/nus (6) and Picea pollen ( 10) dominate th e pollen analyses in th e lowermost part of 
the poll en diagram. Carpinus ( 1), Quercus (2) , Frn:x:inus (5), Cory/us (7) and Ta:x:us (8) a re 
represent ed with rather low frequ encies. The plants mentioned were probably ra ther 
common on upla nd so il. The herbaceous plants represented with highes t frequencies are 
Pleridiwn (9), Rwne:x: acclosa ( 16), Polypodium (29), Thelypleris dryopleris (41), Urlica 
dioica (44), Melampyrum (54), Th etupteris cf. paluslris (5 7) Osmunda cf. cinnamomea (58), 
Ca llilriche (62) together wi th Gramineae (19) and Cyperaceae (20). 

At 7 .55 m . the va lues for th e pollen of Belula (cl'. pubescens) increase suddenly. The 
cte,·clopmcn t reflects presumably successional stages that followed upon the fire (o r fires?) 
indica ted by th e charcoa l layer. 1 n the layer of herbaceous peat (J 3) the rnlu es for pollen 
from local herbaceous pla nts increase co nsiderably. 

Al the top of the zone Pinus pollen becomes dominant \\'ilhin the tree pollen. At the sa me 
Je ,·cl the values for Ca//una ( 12), Empelrum ( 13), Arcloslaphylos uva-ursi (L5) and Sp hagnum 
(76) begin to increase. 

Th e overrepresentation of local pollen and spores obscures th e picture of the general 
conditions somewhat, but a decrease of temperature is suggested b y th e decrease for the 
most thermophilous plants. At the same time traces of a beginning r ise in the local water 
table occur, and the local vegetation seems to haYe b ecome more oligo trophic. 

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

The sediment is gy ttj a with coarse plant detritus, th e proportion of which decreases 
up"·ards. Hence, it mu st be assumed that the pollen spectra give a b etter refl ection of the 
general Yegc ta tion. In a layer, which corres ponds to th e zone, J & M (I. c.) found a fruit of 
Belula nana a nd seeds of Andromeda polifolia (a t BP 4, J & M). 

A slight re-deposition acti vity may haYen taken place (? pollen gra ins and spores of J/e:x:, 
S /el/aria lwloslea, Pleridium ). Th e pollen of Carpinus (1), Quercus (2), U/mus (3), A/nus (6) 
and Cory/us (7) may haYe been clu e to Jong distance transport. Belula nana contributed 
a pparentl y most of the Belu/a pollen. The most frequ ent pollen types are thus Belula nana , 
Pinus ( 1 L), Juniperus (18), Cal/una ( 12), Empelrnm nigrum and£. hermaphrodilum ( 13- 14, 
p. 40), Arcloslaphylos uva-ursi ( 15), Gramineae (19), Cyperaceae (20), Rumex acelose//a type 
(21 ) and R. acelosa ( 16) . 

The frequenci es for the Pinus pollen reach 10- 13 %- Such values indicate tha t th e speci es 
ca nnot ha,·e heen common in th e neighbourh ood. Betula pubescens seems to ha\'C been 
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rare too. Picea (10) may have occurred rarely. It appears that the trees had become scarce, 
and tha t the vegetation was dominated by a shrub community of Belula nana , Junip erus 
and the heath shrubs with many herbs. 

Sphagnum spores (76) are common, a nd pollen of Limnophytes such as Myriophyllum 
alterniflorum (60) and Eu-Polamogelon (6 1) 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 th e sediment is rising, a nd at the end of th e subzone the in­
fluence of re-deposition becomes obvious. A sample, in which J & M (l. c.) found fruits of 
Belula nana and nuts of Myriophyllum allerniflorum together with remains of th e bryophytes 
Drepanocladus revolvens and Scorpidium scorpidioides (BP 3 J & M) belongs presumably to 
this subzone. Leaves of Belula 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 stm low. 

Tree pollen is scarce, and most of it is likely to be secondary. Some primary pollen of 
Pinus and Bela/a pubescens may occur, presumably due to long distan ce transport. 

Pollen of Belula nana is dominant within the Belula 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 Sa/ix (17). Pollen from herbaceous plants dominates. 
The pollen of Gramineae ( 19) , Cyperaceae (20) and Rumex acelosella (type 21 , m the zone 
presumably R. acelosel/a s. 1., cp. p. 37) is the most frequent. 

Limnophyte pollen is abundant, the pollen of Myriophyl/um allerniflorum (60) b eing 
most frequent. Others represented are Eu-Potamogeton (64), and Jsoeles echinospora (65). 
The pollen r eferred to Ranunculus lrichophyl/us type (63) probably represents aquatic 
species. Rubus chamaemorus (75) and Sphagnum (76) are also r epresented . 

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

Th e mineral co ntent reaches a maximum value in th e clay layer I-I 2 (loss on ignition 7 %). 
T he proportion of rebedded pollen is also high (in layer 1-1 2 up to 12 %). 

The occurrence of secondary pollen makes it difficult to get a clear picture of the vegeta­
tion during th e period , quantitatively as well as qualitatively. Th ere is no evidence as to 
the representa tion of the Belula species . An increasing amount of r ebedded Belula pollen 
seems to occur. 

ll seem s th a t th e m ost freq uent primary pollen types were Sa /ix (17), Juniperus (18), 
Gramineae ( 19), Cyperacceae (20) a nd Rumex ace /osel/a s. l. (2 1) . The fl ora 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 2c (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. c.) in layer H must be considered 
lo be derived ( p. 50) . Others may be primary, but primary and secondary finds cannot be 
distinguished. 

Picea and Pinus may be represented by small a mounts of primary pollen due to Jong 
distance transport. Small amounts of the Ericales pollen, especially that of Arcloslaphy/os 
u11a-ursi, m ay also be primary (see p. 52). 

The transition to th e subzone is marked by a sharp decrease of th e Betula curve (from 
33 % in subzone b to 17 % in this subzone). Pollen of B. nana a nd B. pubescens occurs in 
equal proportions. ll is likely that a part of the B. pubescens pollen is rebedded (p. 53), and 
the species must have been rare, if present a t all. The most common primary pollen types 
are Sa/ix (17) , Juniperus ( 18), Gramineae ( 19), Cyperaceae (20), Rumex acelosella s. 1. (2 1), 
Polen/ii/a (22), Galium type (23), Tubuliflorae (24), Liguliflorae (25) , Arlemisia (26), As/raga/us 
alpinus (31), Lotus (32), Plan/ago marilima (34). A great number of other terrestrial plants, 
mostl y h eliophyles, ar e represented. 
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The frequ encies for the Limnophyte pollen increase lo high values a t lhe trans ition to lh e 
subzone. Muriophyllum a/lerni(lorum (60, max imally 18 %) a nd Eu-Po/amogeton (6+, 
maximally 6.2 %) are r ep resented abundanlly, and the pollen of M. spicalum (6 1), Callilriche 
(62), Ranunculus lrichophyl/us ty pe (63) and Typha Sparganium (68) is also rather common . 
The poll en curves sugges t that the fruits of Myriophyllwn all emi(lorum, Polamogelon nalans. 
P. pusil/us, Ranunculus aqua Ii/is (coll. ) and Sparganiwn minimum recorded by .J & M (I. c.) 
from layer 1-1 belong to lhe subzon e. 

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

The organic content is very low (loss on ignition 13 %, " humus" content 8 %) and lhe 
influence of seco ndary pollen is strong. The frequ ency for definitely reb edded pollen 
reaches 12 %. 

Like subzone vV 2 b the subzone is clearly unfavoura bl e lo pla nt life, but th e secondary 
pollen makes il difflcult to get a clear picture of the vege ta ti on. The pollen of Juniperus is 
somewhat rarer than in the preceding subzone. The occurrence of Betula species is uncertain. 

The most frequent pollen of terres trial plants of presumed primary origin b elongs lo 
Sa/ix (17) , Gramineae ( 19), Cyperaceae (20), Rumex ace/osel/a type (21), Tubuliflorae (24) , 
Lig11/i(lorae (25) and Arlemisia (26). Pollen of Lo/us (32) , Plan/ago marilima (34) a nd 
Campanu/a type (35) are of som e importance. Altogether the terres tri al vegetation seems to 
have been dominated by herbs. 

Limnophyte pollen became sca rce. Th e poll en of Muriophyllwn allerniflorum (60) and 
Eu-Polamogelon (64) together with Typha-Sparganium (68) obtain but lo\\' frequencies. 

Subzone W 2 e (13P 1 4.28-4. 37 m.). 

The proportion of mineral content is still high in the lowermost part of the subzone, but 
il decreases rapidly. Th e frequencies for rebedded pollen decrease ( .E " lhermophilous trees 
a nd shrubs" decreases from 7 .2 lo 2.6 %). Some of lhe macrofoss ils reported from laye r G 
by J & M (I. c.) m ay belong to this subzone. 

The measurements of Betula pollen (at 4,31 m.) ind icate the presence of pollen of B . 
pubescens a nd B. nano in a n equal mixture, and most of this pollen is presumably primary 
(p. 53). 

Th e freq uencies for the pollen and spores of a number of terres tri al plants characteri sti c 
o f zone \1/ 3 b egin to increase in this subzone already, e. g. Popu/us (36), Thelypleris druopleris 
(41) , Filipendula (43) a nd Urtica dioica (44). Th e pollen of Sa/ix (17), Grnmineae (l\J), 
Cuperaceae (20), Rumex acetosella type (2 1), Polen/ilia (2 2) , Galium type (23) , Tubuli(lorae 
(24), Liguliflorae (25), Arlemisia (26) a nd Plan/ago marilima (34) r emains common . 

The micros pores of l soeles echinospora (65) and i . lacuslris (66), both Limnophytes, 
become abundant, b ut the pollen of Muriophyllum a/lemi(lorum (60) and Eu-Polamogelon 
(64) rem ain r a re. Tupha-Sparganium (68), Callilriche (62), Polugonum amphibium (69), 
Ca/Iha palu.slris (73) a nd 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 a re highly organic. In th e terminol ogy of J & M ( I. c.) they 
correspond to the "upper mud hori zon" (p. 48). ~ew pollen a nalyses have shown th a t the 
marginal parts of layer Fas sho\\'n in the section of J &M (I . c. , plate XIII) belong ra th er 
to the " middle bed", and only the following macroscopic plant remains, from th e borings 3 
a nd 4 of J & M, can be r eferred to the zone with confidence, lJe/u/a pubescens (very common), 
13. nana (common), Juniperus communis, Arcloslaphulos uva-ursi, Empelrum nigrum, Rubus 
idaeus, Carex lasiocarpa, C. roslrala, Elisma no/ans (see p. 23), Menuanlhes trifoliata , Pola­
mogelon nalans, Potenlilla paluslris, Ranunculus aqualilis (coll. ), Sparganium minimum a nd 
Viola paluslris (the remains of Picea abies m entioned by J & M were presumably carri ed 
down from the layers aboYe during the boring, as the pollen of the species is very rare 
throughout the zone). 

Dominance of Betula pubescens pollen characterizes the whole zone. Up to 3. 74 m . a sligh t 
a mount of rebedded pollen seems to be present, but above that level th e en tire pollen fl ora 
must be considered to be primary (p. 55). 

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

Th e 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 m a terial. The co ntent of secondary pollen is correspond ingly low 
( L " thermophilous trees a nd shrubs" 0.8 %) . 

The frequency fo r Betula pollen is 75 %- Pollen of Belula pubescens prevails, but a fair 
proportion of B . nana pollen is also present (p. 38). The surrounding area was forested . 
Other woody pla nts represented are Populus (36), Sa/ix (l 7) a nd Juniperus (1 8). The pollen 
of Juniperus, however, is very scarce (0.4 %) . Gramineae (1 9) and Cyperaceae (20) pollen is 
still abunda nt , but th e frequ encies decrease somewhat, just like those for Rwne:r acelosel/a 
type (21 ) , Polen/ilia (22), Galium type (23) and Arlemisia (26) . The frequencies for a number 
o f h erbs increase, e. g. Umbelliferae (39), The/ypleris clruopleris (4 1) , Tha/iclrum (42), 
Filipenclula (43), L'rlica clioica (44), Chenopodiaceae (45), Bis/or/a (49) , Rubus sa:rn lile (50), 
Geum (5 1) and oth ers . 

There is a decrease for the micros pores a nd the poll en of L imnophytes (Isoeles echinospora 
(65), I . /acuslris (66) , Eu-Potamolelon (64)), a nd fo r TUJJha-Sparganium (68) a nd Polygonum 
amphibium (69). The pollen of Elisma nalans (7 0) a nd Telma tophytes (Lysimachia lhyrsiflora 
(7 1) a nd a few others) begins to becom e ra th er co mmon . It a ppears th at the lak e d ried out , 
a nd th a t this deYelopment ca used the top part of laye r H 1 to crumb le (see above) . It is 
well known th at such a clay mud, if dried , contracts strongly, a nd cracks into hard lumps, 
whi ch ca nnot be re-softened by addition o f new moisture. Th e clopplerile fo rmed presumably 
d uring the d ry ing out of the lake. 

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

The mineral content o f the sediment increases slightly (loss on ignition 2-1 %). Th e 
frequencies for rebedclecl pollen increase co rrespondingly, but the influence of tha t pollen 
remains low. \.facroscopic r emains o f Belula pubescens, Carex sp. a nd Polamoge lon sp. 
occurred at 4.00 m . 

Th e subzone is characterized by a slight depress ion of the Belula curve . Sa/ix ( 17), 
Populus (36) a nd Prunus (37) are present in the fl ora of woody pla nts . Th ere is a n increase 
for herb pollen, especially for tha t of Gramineae (I 9) , Cyperaceae (20) , Rumex acelosella 
type (21 ) , Polenlilla ( 22), Ga/ium type (23), Umbelliferae (39), Thelypleris dryopleris (41 ), 
Bis/or/a (49) but the flora r emains simila r lo th e one of subzone a. 

The values fo r th e Limnophytes (/soi!les echinospora (65), I. lacuslris (66) , Eu-Polamogelon 
(64, according lo th e macrofossils presumably m ainly Polamogelon nalans) , Myriophyllum 
allemiflorum (60 , ra ther rare), Nuplwr luleum (67), increase again together with th e values 
for Tupha -Spargc,nium (68, probably Sparganium minimum, iclenlill ecl from m acrofoss ils) 
and Polygonum amphibium (69). Th e pollen from Elisma no/ans (70) and T elmalophytes 
reach r a th er high frequencies at the lowermost part of the subzone. 

Subzone \\' 3c ( BP 1 3.50- 3.9 1 m .) . 

Th e a mount of coarse-detritus increases upwards, until th e sediment, a t 3.74 m ., changes 
to a peal fo rmed by herbaceous pla nt r em ains ( layer E 5) . The organic co ntent increases 
s trongly ( loss on ignition a t 3.85 m. 45 %, a t 3. 70 rn . 90 %). Seeds of Menyanlhes lrifo/iala 
occur al 3.50 m . There is still a small a mount of rebcdd ecl pollen a t the lowermost part of 
the subzo ne, but above 3.7 4 m. the entire pollen fl ora must be assumed to b e primary. 

Pollen of Quercus (2), Ulmus (3), Alnus (6), Corulus (7), Picea (10) a nd Pinus ( 11) occurs 
in th e peal layers with low frequencies. It was presumably due to long dista nce transport. 

Th e subzo ne is charac terized by increase of th e Belula frequencies (up to 71 %)- Other 
woody plants represented a re B . nano , Populus (36), which increases somewhat loo, Prunus 
(3 7), Sa/ix ( 17) a nd Juniperus (18). Th e pollen of Juniperus r eaches values aboYe 7 %­
Calluna (12), Empelrwn ( 13) and Arcloslaphylos uua-ursi (1 5) a re r epresented by wry small 
am ounts of pollen. 

The herb pollen frequ encies decrease, and especially those for Gramineae (I 9), Rumex 
acelosella tvpe (2 l ), Galiwn type (23), Arlemisia (26), Plan/ago marilima (34), Campanuln 
(35, Thaliclrum (42), a nd Bis/or/a (49). Other pollen and sp ore types such as Rume.x ace losa 
( 16), Thelypleris dryopleris (41), Filipenclula (-13), L'rlica clioica (4-1), L ycopodium claualwn 
(46) are not a!Tcclcd co nceivably. The values fo r the Cuperaceae (20) decrease a t first, but 
the curw has a nother peak in the telmali c peal, without d oubt cl ue lo presence of purely 
local p ollen. 

The frequencies for the pollen of Limnophyles, Typlw -Sparganiwn (68) and Polygonum 
amphibium (69) decrease, and the pollen of Elisma nalans (70) becomes rarer. The ma ximum 
for pollen of Cyperaceae was probably clu e lo a local vegetation (Carex roslrala and C. lasio­
carpa according to the macrofoss ils) . At a higher level Sphagnum spores (76) become 
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common. Al 3.50 m. their frequency is 52 %. Judging from lhe pollen representation 
Menyanlhes (72), Ca /Ih a (73) and Rubus chamaemorus (75) a lso contributed lo the forma ti on 
of the peal layer. 

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

Th e sed im ent changes from lelma li c peal lo coarse-dclritus gyllj a and the mineral content 
increases somewha t (loss on ignition 32 %) . A ca tkin scale of Betula pubescens ,ms found 
at 3.20 m . 

The lower limit or the subzone is marked in th e pollen diagra m b_v a slight decrease or 
lhe pollen of Betula, Populus (36) and Juniperus ( l 8), a nd corresponding increases of Sa /ix 
(17) a nd the herbs, especia lly Gramineae ( 19), Rume.x acelosella l_vpe (21), Arlemisia (26) and 
Bis/or/a (-19). The curw for th e Cyperaceae is influenced b y the presence or poll en produced 
from local vegetati on in the peal layer. 

The transition from lelma lic peal lo gyttj a a l 3. 12 m. indica tes a noth er ri se o r th e water 
l e,·e l. This is refl ected in the pollen diagram by a strong decrease of Sphagnum spores (76), 
and a re-appearance of pollen a nd spores o f Limnophytes (Eu-Polamogelon (64), Jsoeles 
echinospora (65) a nd I. lacuslris (66). 

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

The sediment in both profiles is gyttja in which lh e amount of coarse-d etritus increases 
up\\·arcls. The mineral content decreases. The sediment cha nges to herbaceous peat a t 
2.80 m. at BP l. Lea f epidermis or Larix was noticed at 2.79 m . 

The whole subzone is developed at BP 1, to which the following description refers. The 
d evelopment a t BP 2 is simila r. 

The lower zone harder is marked by a rise of the Belula curYe a nd decreasing Yalues for 
th e herb pollen. The s ize measurements indica te dominance of Belula pubescens pollen 
with some representation of B. nana (p. 38). Th e values of Popu/us (36), Juniperus ( 18) 
a nd Frangula (38) also increase. Larix pollen (56) appears in the subzo ne. Calluna pollen 
( 12) is somc\\·hat more com mon. 

Decreases in freq uency are co nspicuous for the pollen of Gramineae ( 19), Cyperaceae (20), 
Rumex ace losella t~·pe (2 l ), Polen/ilia (22), Golium type (23) , Tubuliflorae (24), Arlemisia 
(26) a nd Bis/or/a (-19), but others such as Thelyp/eris (40), Thaliclrum (42), Filipenclula (-13) 
a nd Lycopodium claualum arc not a /Tected noticeably. Plericliwn spo res (9) appea r a l the 
encl or the subzone. 

Th e CltrYes for th e pollen of Eu-Po/amoge/011 (64) a nd the micros pores or lsoeles echino­
spora (65) and I . /acuslris (66) decrease a nd disappear at the encl of the subzone . 

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

In both proftles th e sediment is humiried peat \\·ith rema ins of herbaceous roots and 
mosses. Seeds of .\,fenyanlhes lri{oliala are common (BP 2 3.29 m.). The loss on ignition 
is very high, in BP 1 at 2. 7 l m. 97 %. In BP 2 th e sedim ent changes at 3.22 m. to forest 
pea t \\·ith " ·oocl of Pinus and l\Yigs of Belula a nd Cal/una . In samples belonging to this zone 
a nd to zone W 5 J & :\I (I. c. ) recorded macroscopic remains of Picea abies, Belu/a pubescens, 
B. nana (rare), Empelrum nigrum, Polen/ilia pa/uslris, Sparganium minimum, Carex roslra la, 
C. /asiocarpa , Polamogelon nalans and Menyanlhes lri{oliala . They also mention remains of 
the moss Drepanoc/aclus exannulalus and sclerotia or Cenococcwn geophilum (BP 3 and 
4 J & i\[) . A leaf fragment was re-identified to Larix sp. (p . 22). 

Due to the peat forma tion the pollen analyses are influenced strongly by poll en produced 
by the plants, ,Yhich took part in the local succession, a fact, ,Yhich is conspicuous from 
the sudden changes a nd irregular course of most of the curves. 

Al BP 1 lhe record is obviously truncated (cp. p. 4 7). The zone is bell er deYeloped at 
BP 2 and the fo llO\dng description refers to the pollen diagram from th ere. t\o clear dis ti nc­
tion between pollen cleriYed from plants tha t grew locally a nd from th e general ,·egeta tion 
is poss ible . 

The cune for L · ·th ermophilous trees and shrubs" r ises al the begin ning of th e zone. The 
rise is conspicuou s for Ca rpinus ( l ), Quercus (2), Umus (3), Fraxinus (4), Cory /us (5), a nd 
Alnus (6), but the frequencies remain low, usuall .v below 1 %, and this pollen may haYe 
been clue to long distance tra nsport. 

Picea (7) reaches Yalues of up lo 32 %. Th e size sta ti stics (p. 35) indicate tha t Picea abies 
a lone is represented a t th e lower part of th e zone, and tha t both Picea abies and Picea 
omoricoicles were present a t the upper part. The Pinus values reach 39 %. Th e cune for 
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L arix (8) r ises also. The m acroscopic rem ains of Picea abies, Pinus and Larix indica te tha t 
these trees occurred locally. 

Pollen of Frangula (9) becom es exceedingly common ( frequencies up to 66 %). Ther e 
can be no d oubt tha t ils pollen was produced by local p opula tions . Pollen o f Calluna ( 10), 
Empelrum nigrum ( 11), Arcloslaphylos (12), Vaccinium type ( 13) and Myrica ( 14) also 
occurs. 

Pollen of Belu/a , no doubt m a inly fl. pubescens, is frequ ent during mos t of the zone, a nd 
the pollen o f Populus ( 15), Juniperns (16) a nd Sa/ix (17) becom es ra re. Th e sa me is the 
case fo r Gramineae (1 8), Rumex acetosella ty pe (20), R. acetosa (2 1), Arlemisia (23), Th e­
lypleris dryopleris (24) , Tha/iclrum (25) and oth er herbaceous plants, the pollen of which 
was rather common in zone \,V 3. A few herbaceous plants such as Filipendula (28), Urlica 
d ioica (29), Chenopodiaceae (30) and Pluidium (3 1) rem a ined apparently co mmon . 

The curve for Cyperaceae ( 19) pollen r eaches a maximum a t the base of th e zone. A 
similar trend is shown b y th e curves for th e spores of Th elypleris paluslris type (36, p robably 
r epresenting th e s pecies T. pa/us/Tis) a nd the pollen o f Menyanlhes (37). A little la ter Sphag­
num spores (39) b ecom e very common (values around 100%), at first together with the 
rhizopods Amphilrema {lava (40) a nd Assulina sp . (41). Rubus chanwemorus pollen becom es 
frequent near the top of the zone . 

The pollen curves refl ect to a high d egree a local succession , which m oved to,Yards drier 
conditions . From aqua ti c conditions in zone W 3 the h ydrosere passed into a wet telmatic 
phase (Cyperaceae, probably Carex rostrala and C. lasiocarpa , cp. above, Thelypleris palustris 
a nd Menyanlhes, the m acrofossils of Sparganium minimum, Potamogelon nalans and Polen ­
/ii/a pa/uslris prob ably belong here) to a m oist Frangula-Calluna -Sphagnum community with 
rhizopod s, a nd on to a ra ther dry stage with Picea abies, Pinus, Larix, B etula pubescens, 
Frangu/a, Ca/luna , Empelrum nigrum, Rubus chamaemorus and Sph agnum . 

II ca n be assumed that Picea a nd Pinus expa nded in the m or e general vegeta tion , a nd 
replaced the open Betula for est, wher e Juniperns, Populus and herbs wer e co mmon . 

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

The zone is r epr esented b y humified herbaceous pea t. Rem a ins of Eriophorum vagina/um 
were common especially in the lower part, and roots of Calluna vulgaris occurred a t 2.64-
2.9 1 m. 

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

Th e freq uencies of Carpinus ( ! ) , Quercus (2) a nd Alnus (6) remain ra th er co nsta nt during 
th e su bzonc, but those of U/mus (3) , Frax inus (4), a nd Cory/us (5) haYe d ecreased . All o r 
th e pollen just m e nti oned may have been due to long distance transport. The find o f one 
J/ex pollen grain seems a littl e surprising (seco nd ary?). 

Pinus pollen d o minates in th e subzone, r eaching 62 %, a nd the freq uenc ies for the pollen 
o f Belula a nd Picea ( 7, r epresenting bo th P. abies a nd P. omoricoides, see p. 35) have decreased 
to near 10 % - Pollen o f Larix (8) , Frangula (9) a nd Myrica (14) is also present. Poll en of 
Juniperus ( 16) a nd Sa/ix ( 17) occurs especially near th e top o f the subzone. Callww pollen 
(1 0) is very common with frequencies up lo 32 % . Empelrum nigrum (11 ) a nd Arcloslaphylos 
uva-ursi (12) wer e a ppara nlly som ewhat r a rer. 

Herb pollen is rather scarce. Gramineae (18), Cyperaceae (19) , Filipendula (28) a nd 
Rubus chamaemorns (38) ar e the most common ones . Arlemisia pollen (23) has r e-appear ed . 
Sphagnum spor es (39) are exceedingly common (up to 443 %) , a nd Amphilrema {lava (40) 
a nd Assulina ( 41) are frequent. 

The local vegeta tion seems to h ave b een a Calluna-Eriophorum vagina/um community 
\Yilh som e Rubus chamaemorus. The vigorous growth of Sphagnum and the abundance of 
Amphilrema a nd Assulina indicate a stage, which \Yas considerably wetter tha n the pr eceding 
one. 

Subzone W 5 b ( BP 2 2.67- 2. 69 m .). 

The subzone is characterized b y m axima of th e pollen o f Betula (cf. pubescens, p . 38) 
and th e herbs, a nd a d ecr ease of Pinus (lo 27 %) . 

The frequencies of Quercus (2) a nd Alnus (6) have d ecr eased . The Yalues o f Picea (7), 
Larix (8) a nd Cal/una (10) also d ecrease. Th e most commo n herb pollen types a re Gramineae 
(1 8) , Cyperaceae (19) , Rume.x acetosella type (20) , R. acelosa (21) , Plan/ago marilima (22) 
a nd Arlemisia (23) . Their maxima ar e a ccompa nied b y small m ax ima fo r Frangula (9), 
Juniperns (16) a nd Sa/ix ( 17). 

Increased wetness a nd less overrepresenta tion of local pollen m ay expl a in these cha nges 
(sec p. 104) . 
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Subzone W 5c (13P 2 2.61- 2.65 m.) . 

A reverlence to conditions s imilar to sub zone W 5 a lakes place. This is apparent from 
the high va lues of Pinus pollen ( up to 64 %). There is also a sligh t increase of Quercus (2) 
and Alnus (6), but the pollen of Picea (7) a nd Larix (8) remains rare. Ca l/una ( 10) increases 
somewh at, and pollen of Empelrum nigrum ( 11 ) a nd Vaccinium type (13, probably V. oxu­
coccus) are also common . Juniperus ( 16), Sa/ix ( 17) and most of the herbs decrease again . 

Upwards the record is obviously truncated . J & M ( I. c.) noticed th at th e surface of the 
upper pea t layer \Yas very uneven . It seems thu s, th a t the younges t layers became d isturbed 
by eros ion. 

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

The sa ndy clay layer D overlies th e pea t layer E 1 with an abru p t trans ition. In its lower 
part the layer conta ined some coa rse-detritus, probably dr ifted material. Allochtonous 
mineral ma tter predominates, and the layer was thus form ed as a result of eros ion activity. 
Hence, th e pollen nora is presumably contaminated with rebedded pollen . Layers from the 
zones W 5 and vV 4 a re likely to have been exposed to eros ion, but older layers may also 
have been eroded . 

The pollen zone is kno"·n only fragmentarily, and an unknown interval separates it from 
th e younges t known part of zone \ V 5. Th e pollen nora appears lo be highly con tamina ted 
with older pollen , a nd a separa tion of primary and secondary elements is not a ttempted. 

The eros ion acti vity indica tes tha t a clima ti c deterioration had ta ken place, and a more or 
less tree-less vegeta ti on prevailed presu mably. For that reason the r a ther frequent pollen of 
p la nts such as Juniperus ( 16), Sa/ix ( 17), Gramineae ( 18), Cyperaceae (19), Rumex ace lose/la 
type (20), R. acelosa (21), Plan/ago marilima (22), Arlemisia (23), Tha /iclrum (25), Fi/ipendula 
(28) and Chenopodiaceae (30) m ay be considered to b e primary. This may also be the case 
for the finds of Ephedra dislachya, Sanguisorba of(i cinalis, Armeria marilima and Plan/ago 
media . The frequencies o f Plan/ago marilima pollen ( l. 0- 1.2 %) a re the highest ones known 
for th a t species a t th e site, a fact, which justifi es a belief that its pollen is primary togeth er 
with the other herb pollen . 

Th e clay layer co ntains also remains of aq uatic p lants, such as microspores of Isoi! /es 
lacuslris and pollen of Li/lore/la uniflora (0.4 % at 2.5 1 m.). Th e l soi!les microspores m ay 
be secondary. Lillorel/a pollen was very ra re in th e earlier pollen zo nes a l the site, and 
the finds a l this level are probably primary. 

On top of layer D only min eral layers (B- C) occur. J & M (l. c.) observed tha t the stony 
sa nd (C), which extends almost to the centre of th e basin indicates that solifluclion took part 
in th e fin al filling in of the depress ion. 

R ODEBA':K I 

The interglacial sites called Rodebrek 1- 111 were discovered during the survey of 
J &M (1928). They are situated in Western Jutland 17 km. southeast of Yarde (see 
the maps, fig. 2 in J &MI. c., and fig. 11 , p. 123), and they are still visible as three low 
depressions only a few hundred metres apart. Rodebrek I is the largest of th e three 
depressions. It is up to 150 111. across and ils original depth was up to 11- 12 m. below 
the presen t level of th e surroundings. 

At the time when J &M carried out th eir investigations most of the depression was 
fill ed by a poslglacial bog, which con tained a small pond produced by peal cutting. 
To-day the depression has been drained, and only a few remnants of the postglacial 
peal exist. 

Sediments. 

J & M (I. c.) established three transects of the basin . Their profile B directed VlNW­
ESE is the most complete one. In 1954 new borings and excavations were carried out 
establishing a transecl of the upper layers in the direction NN'vV- SSE (parallel lo the 
northeastern fence of the field , see the map of J & M I. c.). The section is shown on 
Plate VIII. II proved lo 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. c.) 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. 
C 1 0.45 - 2.89 m. Sand. At 2.53- 2.69 m. a lilllc gravel. Between 2.69- 2.89 m. thin 

argi11accous layers (A 1, Ga + s 3). 
C 2 2.89 - 2.93 m. Argillaceous sand with a little fine-detritus (Ld2 0- 1, A 2, Ga + s 2). 
D 2.93 - 3.27 m. Brown argillaceous gyttja (Ld 2 2, A 2). Slightly stratifi ed. 
E 3.27 - ea. 3.46 m. Clay with a little fine-detritus (Dg 0- 1, Ld2 0- 1, A 4). 
F 1 ea. 3.46-4.04 m. Sand (Ga + s 4). Transition to the layer below sharp. 
F 2 4.04 - 4.10 m. Slightly argillaceous sand with a litlle fine-detritus (Ld 2 0- 1, 

Al,Ga + s3). 
G 4.10 - 4.16 m. Humified herbaceous peat with some sand (Th 3 3, Ga + s 1). 

Strongly stratified . 
H 4.16 - (4.81)m. Wood peat (Tl 4 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. 
E 1 0.80-0.95 m. Sand with windworn stones, up lo 15 cm. across. 
E 2 0.95 - ea. 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 inlo th e 
deposit. 

F ea. 2.36 -4.30 rn. Sand. 
G 1 4.30-4.36 m. Humified herbaceous peat with some sand (Th 3 3, Ga + sl). 

Strongly stratified. 
G 2 4.36 - 4.48 m. Humificd peal with remains of Eriophorum vagina/um and 

Ca/luna vulgaris (Th 3 4). 
H 4.48 - (4.50111 .) Wood peal (Tl 4 4). The interglacial deposits con tinu e till 9.87 rn. 

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

The sand layer (F) deposited on top of the interglacial peal is lacustrir: e. During its 
deposition the basin was almost filled in , and the clay and mud layers E- D formed in 
a shallow bowl only 45 rn. across and 1- 2 rn. deep. Layer Fis thickest al the northern 
part, and the basin in \1·hich the layers E- D formed lies south of I.he centre of th e 
depression (sec plate VIII). The main lransporlation of material obviously took place 
from the north. 

The stony clay (E) is almost 1.5 rn. thick at BP 79 m., and it was deposited by 
solilluclion from the north. An equivalent layer of stoneless clay was deposited in the 
shallow pool (at BP 35, 45 and 57 rn., see plate VIII). Layer E is not represented north 
of BP 79 111. Al that point ,Yinclworn ston es were found on lop of layer E, and it is 
probable that the layer has been remoYed by wind erosion north of that point. Closely 
packed windworn stones were found al the point 125 111., 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 sedimenta tion of th e clay decreased, the clay gyttj a D was deposited in the 
small pool. The sandy layers C 1- 2 completed th e filling in of the basin. They are 
lacustrin e equivalents of the stony sand B, ,Yhich extend s from the northern and 
southern margins of the basin to the edge of the small pool. 

Pollen Analyses. 

The pollen di agram published by J &M (I. c., plate XXXVI) demo nstra tes clearly 
that th e lower peat and gyttj a layers ( the layers G- 1() represent th e en tire Eemian 
Interglacial. Pollen diagrams from the post-Eemian seq uences at BP 57 m. and 79 m. 
are shown on plate IX (cp. table 30). The pollen diagram al 57 m. is th e more complete 
one, as it represe nts the pollen zones h- W 2d. At BP 79 m . in the main only zo ne W 1 
is represented. 

Rebedded Pollen . 

The post-Eemian sequence a t Rodebrek I is less complete than the one a t Brorup 
Hotel Bog. Except for th e interval, during which the upper gyttja layer was d eposi ted, 
mineral sedimentation was strong, and the pollen record is interrupted in the sand 
layers. The pollen content of the argillaceo us layers is influenced strongly by redeposited 
pollen . In the pollen diagrams the cu rve for L " th erm ophilous trees and shrubs" 
(total of Carpinus, Quercus, Tilia, Ulm11s, Fraxinus, Alnus, Cory/us, Ilex) girns a measure 
of th e influx of rebedded pollen. Its values a rc high in the predominantly mineral layers 
corresponding to the pollen zones W 2 a- b and d but they are low in th e gyllja layer D 
(W 2c) . The following pollen types with simil ar 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 tetra/ix (13), Genliana amarella type (17), Plantago 
lanceolata (19), Tubuliflorae (22), Calluna (24), Empelrnm nigrum (25, in part), Arclo­
slaphylos uva-ursi (27) and Thelypleris pa/uslris type ( 43). A few rare types may also 
be considered to be secondary in the zones \V 1 and W 2, 

Bux us sempervirens 
Fagus silvalica 
Frangula alnus 
Myrica gale 

Populus lrenwla 
Mercurial is perennis 
Stellaria lwloslea 
Myriophyllum verlicilla/11m 

Pollen Zones. 

Zone h (BP 57 m. 4.28- 4.8 1 m., BP 79 m. 4.43- 4.50 m.) . 

In th e wood pea t ( layer JI ) J &\I ( I. c.) found macrofossils of the fo llowing pla nts : Ajuga 
rep/ans, A /nus g/ulinosa, /Jelu/a pubescens, Calluna vulgaris, Carex p seudocuperus, Cirsiwn 
pa/us/re, Picea abies, Pinus silves lris, Potenlilla paluslris, Ranunculus repen s, R. see/era /u s, 
Rubus idaeus, Sparganium minimum, \!iota pa/uslris a nd Cenococcum geophilum. 

The pollen of th e following plants is most l'requent in the lower part of the zone, Alnus (6), 
Picea ( 11 ), Pinus (23), Sa/ix (28), Gramineae (30), Cuperaceae (3 1) a nd Thelupteris paluslris 
type (43, c f. Thelypleris paluslris). Upwa rds th ere is an increase for pollen of Belula, Calluna 
(25) , Empelrum nigrum a nd E. h ermaphroditum (25, 26), Arcloslaphylos uva-ursi (27), Rubus 
chamaemorus (53) and Sphagnum (54). W oody plants represented in the whole zone with 
low polJen frequencies are Carpinus ( 1), Querws (2), U/nws (3) a nd Cory /us (7). Pollen of 
Fra:rinus (5), Taxus (8) and Abies (12) is rare or miss ing in the uppermost sa mple,. 
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During the zone a local success ion from a n Alnus-Picea community to a n open heath 
stage took place, and the local vegeta ti on seems Lo have become more oligotrophic . 

In the pollen diagr a m from BP 79 m . o nly the hea th 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 humifted herbaceous peat (layer G) with a content o f 
sand, which increases upwards. From th a t layer J &M (I. c. ) recorded macrofoss ils of the 
following plants : Belu/a nana , B. pubescens, Cal/una vulgaris, Carex caespilosa, Empelrum 
nigrum, Myriophyllum allerniflorum , Polenlil/a 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 %- Belula pollen is ra ther frequent. B . nana was 
domina nt, probably with some r epresenta tion of B . pubescens (p . 38). Oth er woody plants 
of importa nce wer e Juniperus (29, 17), Sa/ix (28, 16), Cal/una (24, 12), Empelrum nigrum 
a nd E. hermaphrodilum (25, 13 a nd 26, 14) . Pollen o f Gramineae (30, 18) and Cyperaceae 
( 13, 19) is common too, the frequencies rise together with those for Rumex acelosa ( 16, 8), 
R. acelosel/a type (32, 20), Arlemisia (33, 21) and some other herbs (e. g. Fi/ipendula (37 , 22), 
Armeria m arilima (40, - ), Plan/ago marilima (4 1, 23). An open heath vegeta tion with m a ny 
herbs characteri zed the vegetation . 

A few aquatic plants occurred (Jsoeles echinospora (47, 25), Muriophyllum allerniflomm 
(-l9, - , cp. also the macroscopic remains menti oned ab ove) . A ri se of the wa ter level took 
obviously place. At BP 79 m. the increased moisture ca used a vigorous growth of Sphagnum, 
the spor es of which r eached frequencies above 100 % ( 27). 

Zone W 2 ( BP 57 m . 2.84- 4. 05 m .). 

The zo ne is only represented a t BP 57 m . The beginning o f the zone corresponds probably 
to the stTOng increase for mineral sedimenta tion a nd rebedded pollen , a nd the whole develop­
ment is not differentiated clearly in the pollen di agram. 

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

The pollen analyses from the argillaceous layers E a nd F 2 are influenced strongly by 
secondary pollen. A few pollen types may be primary, such as Juniperus, Sa/ix, Gramineae, 
Cype'raceae and Rumex acelosel/a Lype. Juniperus pollen b ecomes quite rare . 

A sample from Lhe solifluclion earth E a t BP 79 m . contained 32 % of "thermo philous 
trees a nd shrubs", and only 28 % of herb pollen. Secondary pollen apparently also prevailed 
there. 

The macrosco pic flora from the layers E- F r ecorded by J & M (I. c.) contained Armeria 
marilima, Belula nana, Carex caespilosa , C. pseudocyperus (derived ?), Empelrum nigrum, 
Myriophyl/um alterniflorwn, Ranunculus aquatilis (coll .) , Rubus idaeus (derived?) and Spar­
ganium minimum. 

Pollen a nd spores from aqua tic plants are very r ar e. 

Subzone W 2 c (BP 57 m . 2.90- 3. 27 m .). 

The subzone is r epresented mainly by the gyltj a layer D. From tha t s tratum J & M (I. c. ) 
recorded macroscopic r emains of Arcloslaphylos uva-ursi , Betula nana , B. pubescens ( found 
only a t BP 17 near the marginal part, where it may be r ebedcled ), Carex cf. caespitosa, Em ­
pelrum nigrum, Myriophyl/um a/terniflorum, Ranunculus aqualilis (coll. ), R. sceleralus, 
Sparganium anguslifolium, S . minimum, Viola paluslris and the mosses Amblyslegium slellalum, 
Calliergon giganleum, C. slramineum, Drepanoc/adus exannulalus, Polylrichum slriclum and 
Rhacomilrium canescens. The mineral content of the sediment increases upwards, a nd the 
topmost part of the zone is represented b y a layer of argillaccous sand (C 2). 

The influence of secondary pollen is rather insignificant. Judging from the pollen curves 
some of the Pinus pollen (23) is proba bly primary and clue to long dista nce transport. The 
pollen of heath shrubs (Calluna (24), Empelrum (25), Arcloslaphylos uva-ursi (27) , Erica 
tetra/ix (13), Vaccinium type (14) ) occurs with low frequencies . Most of it seems secondary, 
but some pollen of E. h ermaphrodilum (26) m ay be primary, and the same may b e the case 
for pollen of Arcloslaphylos uva-ursi, which is represented by macrofossils . 

Belula nana was the dominant Betula s pecies (p . 38), but pollen of B. pubescens m ay be 
present (p. 38). Besides B. nana the most frequ ent plants apparently were Juniperus (29), 
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Gramineae (30) and Cyperaceae (31). Pollen of Sa /ix (28), Rumex ace losella type (32), Arlemisia 
(33), Geum (36), Filipendu/a (3 7), Potenlilla (38), Armeria (40), Plan /ago marilima (41), 
Campanula type (42) a nd a few others is qu ite frequen t. The contemporary Yegeta tion 
a pparent!~• consisted of open shrub comm unities with rich representa tion of herbs . 

l\ licrospores of Isoi!les echinospora (47) a nd pollen of Myriophyllum allerni{Torum (49) a re 
Yery common (up to 200 % a nd 8 1 %) , a nd l soi!les lawslris (-iB), Myriophyllum spicalum (50) 
and Ranunwlus trichophyllus type (5 1) a re also represented. Jn the middle of the zone the 
curve [or L im nophytes has a minimum , corresponding to ma xima for th e curves for Sphagnum 
(54), Typha-Sparganium (52, according to the macrofossils presumably S. anguslifo/ium 
and S. minimum) and Rubus chamaemorus (53). This indica tes a low wa ter level a t the middle 
of the zone, during which a bog community dernlopecl. Empe/rum hermaphrodilwn (26), 
some of lh e Cyperaceae, Drosera, /lfenyanlhes and th e moss Calliergon slraminewn were 
probably members of tha t co mmunity. Th e water level apparently rose ag:iin al lhe top of 
th e suhzone. 

Su bzone \V 2 d (BP .57 m. 2.84 m.). 

A sa m ple from the sa nd layer C 1 belongs to sub zo ne \V 2 d. Secondary pollen is frequent 
again, a nd th e aquatic p la nts have almost disappeared. 

1-I EHNING 

The interglacial site west of th e !own of Hcrning in Western Jutland (see Ihe maps 
fig . 1 in J & l\l 1928 a nd fig. 11 , p. 123) is th e largest lake deposi t of the Ecmian Int er­
glacial known in Denm a rk. Accord ing lo the survey of J &::-.1 (1. c.) the larges t cx lcnt 
of th e basin in the direcli on north- south is abo ut 800 rn ., and in east- west abou t 300 111. 

Open sections of th e interglacial 1.kposits have bee n Yisible in th e pit of IIerning 
Brickworks, and a north- south profil e was sun·cycd by J &::-.[ in 191 --L In 1919 to 1924 
.l &::-.I carried out a la rge number of borings in Ih c a rea north of th e brick\Yorks to 
determine the extent and strat igrap hy of Ih e lake depos its. 

As follows from the inves tigation of J &M (1. c.), Ih c deposits covering Ihe interglacial 
gyltja arc predominantly mineral and often coarse grained. Sampling of such deposits 
by borings is difficult, a nd they arc not suited fo r po ll en analyses. Gravelly layers 
occur especially in the northern part of the basin , and the " upper mud horizon" 
(layer G) is not well deYeloped there, acco rding lo th e Iransccls estab lished by J & ~[ 
(I. c.). For such reasons the new imcstigations in 1954 and 1955 were co nfined lo th e 
soulh crn part of the bas in , which was also more access ibl e. 

Sediments. 

During th e new inves tigations 5 borings were carried out in the sou lh crn half of 
Ihe basin (BP 1- 5, STr\). Their positi on will appear from the ma p fig. 10. It may be 
seen that BP 1- 4 fo llow th e north- south transect of J &M, and that BP 5 is situated 
about 20 m. lo th e cas t of th a t line. The sediment columns are shown on plate X. The 
layers have b een des ignated wilh ca pital letters corresponding to those used by J &l\l 
(1. c.), although some subdi1·isions have b een necessary. Proportions of sedim ent 
components are indicalcd al BP 1, 3 a nd 5 (STA), 11·here pollen di agrams have been 
1Yorkcd out. 

BP 1 (STA) 

A 0.00 - 0.65 m . Sandy agricultural soil. 
D 0.65 - 0.80 m. Stony sand . 
G 1 0.80 - 2.88 m. Sand. AI 1.20 m. argillaccous layer. Lowermost a few small 

stones . 

5 
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1: 1±000 

0 100m 

II 

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

(1928). 

Heming. Boringer fra 1954- 55 (1- 5, STA) sammenlignet med JESS E N og M1LTHERs ' bo­
ringer 1- 7, 1928 (1- 7, J &M) . Udsnit af kortet pa plate II i JESSEN og M1LTHERS (1928). 

G 2 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. 

J 1 3.56-4.47 m. Sandy clay with some fine-detritus (Ld2 1, Ga +s 1, A 2) . 
J 2 4.47 -7.10 m. Brownish grey to bluish grey, very stifI clay (A 4). 



K 1 7.10-7.70 m. Brown clay-gyllja (Ld2 1, A 3). 
K 2 7 .70-9.44 m. Gyllja with some clay (Ld2 2, A 2) . 

A 0.00 - 0.35 
B 0.35 - 0.85 
D 0.85 - 1.40 

m. 
m. 
m. 

TIP 2 (STA) 

Sandy agricultural soil. 
Sand. 
Stony sand. 
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G 1 1.40 - 1.95 
G2 1.95 - 2.86 

m. 
111 . 

Sand with a few small ston es . At 1.88 rn . argillaceous layer. 
Fine sand with numerous thin detritus and argillaceous layers . 
Vfood of Pinus silveslris. 

J 1 2.86 - 3.33 m. 
J 2 3.33 - 4.85 111. 

K 1 4.85 - 5.35 111 . 

K 2 5.35 - 6.00 Ill. 

A 0.00 - 0.25 111. 

B 0.25 - 1.00 Ill. 

D 1.00 - 1.95 Ill. 

F 1.95 - 2.03 m. 
G 1 2.03 -2 .31 m. 

Sandy clay. 
Very stilI clay. 
Brown clay-gyttja. 
Gyttja . 

BP 3 (STA) 

Sandy agricultural soil. 
Sand. 
Stony sand. Stones up to 10 cm. across. 
Sandy and argillaceous gyttja (Ld 2 l, Ga + s 2, A 1). 
Sand (Ga + s 4). 

G2 2.31 - 3.14 m. Argillaceous sand with numerous thin detritus layers (Dg 1, 
Ga + s 2, A 1). 

H 
J 1 
J2 
Kl 
K2 

3.14 - 4.21 m. 
4.21-5.31 m. 
5.31 - 8.81 m. 
8.81-9.23 m . 
9.23-10.64 m. 

Sand. Al 4.10 111. a thin detritus layer (Ga + s 4) . 
Sandy clay. Sand content variable (Ga + s 1, A 3). 
Brownish grey to bluish grey very stilI clay (A 4) . 
Brown clay-gyttja (Ld2 1, A 3). 
Gyltja with some clay (Ld2 2, A 2). 

BP4(STA) 

A 0.00 - 0.40 m. Sandy agricultural soil. 
B 0.40 - 1.35 m. Sand. 
D 1 1.35 - 1. 98 m. Stony sand. At 1. 90 m. argillaceous layer. 
D2 1.98 - 2.00 m. Sandyclay-gyttja. 
D 3 2.00 - 2.60 111. Sand with a few stones. 
F 1 2.60 - 2.95 rn. Gyttja . 
F 2 2.95 - 3.49 m. Argillaceous gyttja. Broken into small hard lumps. 
G 1 3.49 - 5.40 m. Sand with coarse plant fragments. Al 4.90 m. wood of Alnus 

glulinosa . Al 4.26 and 4.34 m. detritus layers. 
G 2 5.40 - 5.91 m . Sand with numerous thin detritus layers. 
H 5.91 - 7.50 m. Sand with stones up to 9 cm. across. At 6.80 and 7.00 m. thin 

argillaceous detritus layers. 
J 1 7 .50 - 9.40 m. Sandy clay. A few thin detritus layers. 
J 2 9.40- 14 .85 m . Stiff clay. A few detritus layers. 
K 1 14.85- (15.90) m. Brown clay-gyttja. 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. 
D 1 0.95 - 2.95 m. Stony sand. Stones up to 3 cm. across. 

5* 
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D2 2.95 - 3.15 rn. Sandyclay-gyllja(Ld2 1, Ga + sl, A2). 
D 3 3.15-4.62 rn. Sand (Ga + s 4) . Al 3.33 m. wood of Alnus glutinosa. Lower limit 

very sharp. 
F 1 4.62 - 4.82 rn. Coarse-detri tu s gyllja. A few moss and Sphagnum leaves and a 

little sand. In the lowest part less coarse-detritus. (Dg 1, Ld2 3). 
F 2 4.82 - 5.68 m. Argillaceous gyllja (Ld2 2, A 2). Broken into small hard lumps. 

Between the lumps yellow substance rich in ochre. 
G 1 5.68 - 9.85 rn. Sand (Ga + s 4). Below 8.35 rn. some stones up to 3 cm. across. 

Thin argillaceous detritus layers at 7.20, 7.32, 8.85 and 9.75 m. 
J 1 9.85- 12.32 m. Sandy clay. Sand content variable, decreasing downwards 

(Ga + s 1, A 3). 
J 2 12.32- (16.35) m. Very stifI clay (A 4). Above 14.90 m. several thin detritus layers. 

At 12.90 m. a leaf of Belula 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. Heming. Depth of the main strata, in J & M (1928) and the present investigation 
(STA), compared. 

A 
D 
G 
J 
K 

Heming. Dybde af hovedlagene hos .J &M (1928) sammenlignet mcd den 
mervrerende unders0gelse (STA). 

J&M STA J &~[ STA J&M STA 
BP 4 BP 1 BP 5 BP 2 BP 6 BP 4 

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. 
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 
2.1- 4.0 0.8- 3.6 D 0.6- 1.6 0.9- 1. 4 C 1.5- 1.6 
4.0- 6.!J 3.6- 7 .1 G 1.6- 2.6 1.4- 2.9 D 1.6- 2. 7 1.4- 2.6 
6.!J- !J.7 7.1- 9.4 J 2.6- 4.5 2.9- 4.9 (F) 2. 7- 3.4 2.6- 3.5 

K 4.5- 5.6 4.9- 6.0 G 3.4- 5.5 3.5- 5.9 
1--I 5.5- 7.3 5.9- 7.5 
J 7.5- 14.9 
K (7.3- 10.5) 14.9- (15.9) 

Layer l{ constitutes the Eemian Interglacial deposit. In the terminology of J &M 
(I. c.) th e strata J and H constitute the "middle bed", and the strata G and F the 
"upper mud horizon". It appears from the comparison above that these layers can 
be exactly recognized in the new borings. Layer G, whicl1 was described by J & M 
(I. c.) 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 
(I. c.) . In the section (J &MI. c., plate VIII), however, this layer corresponds rather to 
layer Fin the other borings. In th e same boring (BP 6, J &M) the layer at 7 .3-10.5 m. 
was taken to be the interglacial gyllja (K) by J &M. However, in the new boring (BP 4, 
STA) the interglacial gyttja appeared at 14.9 111., 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 al 
BP 6 (J &M), as shown in the section of J &M (I. c., plate VIII), and that the original 
lake basin was just as deep al this point as ii 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 l - 5, STA, see plate X) . The 
gyttja layer F was found only at BP 3- 5 (see plate X), as a considerable part of the 
original basin had become filled in wilh 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 arc sho,vn in table 19. As was the case al Brorup Hotel 
Bog (p. 48), silicat es dominate the ash content of the samples from Heming. 

Tabl e 19. H erning. Analyses of ash content. The figures indicate percentages of th e dry 
" ·eight. 

Herning. Analyser af askeindh old. Tallene angiver procenter a f t0rv:cegten. 

Solubl e in warm diluted HCl 
Insoluble Total ash Stratum BP Depth Fe ,O , residue content 

+ Al 20 , CaO 

J 1 3 8.14- 8.24 m . 5.0 % 1.0 % 82.6 % 90 .9 % 
K 1 8.90- 8.95 2.0 0.7 78.4 83.0 
K2 9.24- 9.35 2.9 0.8 64.4 69.2 

All determinations of organic content arc shown in table 20. From the table it appears 
that the highest organic proportions occur in the interglacial gyttja (K 2, loss on ignition 
31 %, " humus" content 24%) and in the gyttja layer F 1 (loss on ignition 49%, "humus" 
content 32 % ). The organic proportion of the layers G- J is rnriable ("'humus" content 
1.2- 16% ). 

Table 20. Heming. Determinations of organic content. 
The figures indicate percentages of the dry weight. 

Herning. Bcstemmelser af organisk indhold. Tallene angiver 
procenter af torv:cegten . 

Stratum BP 

FI 5 
5 

F2 5 
(; I 4 
c; 2 I 

3 

H 4 

J 1 1 
3 
5 
5 

J 2 1 
3 
3 
5 

K 1 3 
K2 3 

Depth 

4.74 m. 
4. 78 

5.25- 5.35 
4.35- 4.46 
3.38- 3.45 
2.71 - 2.78 
5.9:'l- 6.00 
3.56- 3.66 
5.06- 5.12 

10.08- 10.20 
11.09- 11.20 
4.7 3- 4.83 
7 .06- 7 .17 
8.14- 8 .24 

13.00- 13.13 
8.90- 8.95 
9.24- 9.35 

""humus" 
content 

31.8 % 

5.9 
0.6 

15.6 
2.1 
1.2 

12 .2 
2.5 
4.0 
3.4 
I. 9 
1.5 
l.4 
6.4 
8.1 

23.9 

loss on 
ignition 

48.6 % 

23. 7 

22.0 

9.1 
17. 9 

17 .0 
30.8 
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Pollen Analyses. 

The gyttja layer K represents th e Eemian Interglacial (see J &M 1928, plate XXXVI). 
Pollen diagrams from the post-Eemian sequences al BP 1, 3 and 5 (STA) arc 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) rnlues for the L " thermophilous trees and 
shrubs" are shown . As at Brnrup Hotel Bog, this group comprises the pollen types 
representing th e most warmth-demanding woody plants (A lnus, Cmpinus, Cory/us, 
Fraxinus, Hedera, 1/ex, Querws, Taxus, Tilia and U/mus), which arc most likely to 
have been rcbcddcd from the interglacial layers. 

In the pollen diagrams from BP 1 and 3 (STA) the clay-gyttja K 1 represents the 
las t part of the Ecmian Interglacial. In the clay above it (J 2) th e organic content is 
very low ("humus" content decreases to less than 2%, sec table 20) . Hence, sedi­
mentation of allochlonous mineral matter was completely dominant. The frequencies 
for th e L " thermophilous trees and shrubs" increase from 10- 20 % lo values above 
50%. It is thus suggested strongly, that this pollen was derived by erosion, and was 
washed into the lake together with the a!lochtonous 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 peal. The change of sediment and the increased herb pollen percentages 
suggest a climatic de terioration. Such a development could hardly be reconciled with 
the increased abundance for thcrmophi lous trees and shrubs. J &M (1. 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. Heming. The figures indica te m inimum and maximum percentages of the 
pollen totals. 

Berning. Tallene angiver minimum og maximum procenter af pollensummen. 

IlP 1 BP 3 BP 5 

Stratum J G J G J G 

Carpinus .. . . ... . . . . 1.1- 3.6 1.6- 3.8 1.2- 3.0 0.5- 3.6 0.6- 2.9 l.8- 1. 9 
Qucrcus . . . . . . ... . . 0.3- 4.1 2.4- 8.5 0.5 7.9 2.7- 5. 1 0.8- 3.3 2. 7- 4.6 
Tilia ........ ...... 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 
U/mus ........ ... . . 0- 1.1 0- 0.6 0- 0.9 0- 0.3 0- 1.l 0.3- 0.4 
Alnus . . ..... .. ' . . . 8.0-23 15- 28 6.5- 25 13- 23 8.9- 15 8. 0- 13 
Cory/us . ..... .. .... 4.8- 18 7 .2- 15 3.4- 25 7.7- 9.0 2.1- 14 3.9- 7.6 
I/ex ............... 0.2- 0 .6 0.2- 0.7 0- 1.3 0.4- 1.5 0- 0.7 0- 0.4 
L " 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 
Pin us ............. 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 
L Erica/es .......•. 5.5- 12 2.9- 9 .0 3.4- 18 4.7- 8.l 6.2- 14 7.7- 8.4 
:E 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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esse nti al difference between the pollen co ntent of layer J, which corresponds lo the 
" middle bed" and layer G, which represents the " upper warmth horizon" of J &M. 
The similarity between lhe pollen content of the layers J a nd G appears from table 21, 
which shows minimum and maximum values for th e most frequent pollen types in 
th e two layers. It is apparent, accordingly, lhal th ese stra la were deposi ted under the 
same conditions, and that the majority of th e pollen co ntent of layer G was also derived 
by erosion , and deposited togeth er with allocht onous min eral mallcr. 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) arc especially rich in interglacial pollen showing that these thin 
layers consist mainly of rcbedded interglacial material. Due to the detritus layers th e 
" humus" content of layer G may be up lo 16% (table 20). 

The macroscopic plant remains from layer J identified by J &M (!. c.) represent a 
poor flora of arclic 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 movcmcn t 
at th e deposition of th e sa nd layer (G) was more violent, and that macroscop ic material 
deri ved from interglacial shore deposits also was carried into the basin . 

Frequencies of pollen a nd spore types of Tertiary age are also shown in th e poll en 
diagrams (comprising Carya type, Coryloid type (Enge/hardlia , Plalycarya a nd oth ers), 
Liquidambar type, Nyssa type, Pinus haplox ylon type, Plerocarya type, Rhus type, 
Sciadopilys type, Seqoia type, Tsuga type, and unidentified Prequatcrnary spores). 
The boulder clays fo und around the site are rich in Tertiary lignites, in which th e 
pollen types mentioned are common (cp . INGWERSEN 1954), and even the interglacial 
layer (K) contains such derived pollen in low frequencies . The frequ encies for the 
Tertiary pollen increase strongly in the clay (J ) indicating an increased inllucnce of 
derived material. Upwards these values decrease so mew hat. This may show, that some 
of the allochtonous material in layer J was deri rnd 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 
rnlues for " thermophilous trees and shru bs" have decreased to about 10% in the 
d ay-gyttja F 2, and that th e amount of such pollen is very low (" Lhermophilous trees 
and shrubs" 0.8%) in th e gyllja layer F 1, which has a low mineral conten t. In this 
layer J & M (I. c.) found no macroscop ic remains of temperate plan ls. 

The frequ enci es for Cal/una and Empelrum are rather high in the layers G- J , but 
they decrease to insignificant values in layer F 2 (BP 5). The pollen of these plan ts 
found in the layers G- J is no doubt seconda ry. The high frequ encies indicate, th at 
some of th e eroded material probably was acid peal with an overrep resenlalion of 
pollen from heath plants. 

Because of the overwl1elming amount of secondary pollen it seems impossibl e to 
distinguish the primary pollen, and the vegetational development ca n be followed only 
in broad outline, exce pt for th e part represented by layer F at BP 5 (co rres ponding lo 
the pollen zones W 2 e, and \N 3 a and cl). The pollen analyses shown in the pollen 
diagram 2 al BP 5 (plate XIV) have been re-calculated after deduction of all poll en 
believed to be seco nd ary (p. 73). 

Pollen Zones . 

Zone h (BP 1 7.10- 7.3 1 m., BP 3 8.83- 8.98 m.). 
The polle11 diagrams show only the topmost part of the zone. In both borings it is re-

presented by the clay-gyttj a K l. · 
The pollen of Pinus and Alnus is the most frequ ent, and th e pollen of Ca rpinus' Quercus, 

and Cory/us is quite rare. The values for Picea, Alnus and Plericliwn decrease, indicating a 
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decrease of the temperature . Some rebedded pollen may be present in the topmost samples 
(I/ex?) . 

Microspores of Jsoi!les echinospora are very common. 

Zone \V 1 (BP I 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 T ertiary pollen increase, 
reaching 12 % at BPl , a nd th e cur \'e for I: " thermophilous trees a nd shrubs" also ri ses, 
indicating that r e-d eposited interglacial material occurs in considerable quantities. 

The picture of the vegetational conditions becomes obscured by the r ebedded pollen. 
Still the zone seems to b e distinguished in the pollen diagrams in contrast to zone h b y 
increased values for Juniperus, Calluna, Empelrum, and th e herbs, especially Gramineae 
and Cyperaceae. Pollen of Pinus is rather frequent, and pollen of Picea is present. Belula 
pollen also occurs with rather low values. Some of the rare pollen finds may be primary, 
especially those of Arcloslaphylos, Armeria, Arlemisia, Bolrychium, Ophioglossum, Plan/ago 
marifima, P. m edia, Rumex acelosa, Selaginel/a, but many obviously secondary pollen and 
spore ty pes are represented. 

lsoi!les echinospora is represented with very high frequencies (297 % at BP 3), and micro­
spores of 1. lacuslris 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.). 

T he zone corresponds to the predominantly mineral layers J, H and G, and a m ajority 
of the pollen is secondary. Although the picture of the vegetational development is obscured 
by the second ary pollen, the subzones a- e may be recognized in a very indistinct way. 

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

The tra nsition to the subzone may be distinguished by a d ecrease of Pinus and Juniperus 
pollen lo low values. The frequencies for I: '" thermophilous trees and shrubs" r each a 
maximum of 54 %. The values for l soi! fes echinospora and J. lacustris decrease. Both species 
obtain highest frequ enci es in th e lowermost half of subzone W 2 ab (corresponding lo 
subzone a ?) . Upwards th ey decrease to insignifi cant values (subzone b?). 

The flora of higher plants identifi ed from m acro foss ils b y J & M (I. c .) is rather poor. 
Ma ny bryophytes are listed b y J & M ( I. c .). Some or these r emains may be primar~·. but 
remains of secondary origin m ay also occur. 

Sub zo nc \V 2c. 
(BP 1 3.52-4.49 m ., BP 3 4.60-5.80 m., BP 5 11.1 9- 14.91 m .). 

The subzone may be distinguished by a slight d ecrease of th e content of secondary pollen. 
I: " thermophilous trees a nd shrubs" decreases to 19, 13 and 15 % in the 3 pollen diagrams. 
At th e same point there are - rather indistinct - m axima for the pollen of Juniperus, Gra­
mineae, Cyperaceae and Rumex acelosella type. The changes are similar to th e features, " ·hich 
characterize the subzone at Brorup Hotel Bog and a t Rodeb:::ek I. 

Some of the spores and pollen grains found rarely may b e primary, e. g . those of Ephedra 
cf. slrobilacea, Armeria, Artemisia, Gypsophila, Lotus, Lycopodium selago, Parnassia, Plan/ago 
maritima, P. m edia, Rumex acelosa, Sanguisorba officinalis, Selaginella a nd Thaliclrum , 
w hich constitute a flora very similar to the one found in the subzone a t the two other sites 
just m entioned. 

The high frequ encies for Isoeles echinospora and I. lacuslris are worthy of note. The 
values are especially high at BP 3 (32 a nd 13 % for the species respectively) and al BP 5 
(144 a nd 18 %). As the high values of Jsoi!les microspores are r estri cted to a narrow horizon, 
they are presumably prima ry, a nd show that conditions allowed an aquatic vegetation to 
develop at that time, as was the case at Brorup and Hocleb:::ek I. 

The transition to subzone c coi ncides roughly with the transition from layer J 2 to J 1 
at BP 1 and at BP 3. Th e organic content is slightly higher at BP 1. The sand content also 
increases at that transition. At BP 5, where th e basin was considerably deeper, the transi tion 
J 2- J 1 took place at a somewhat lat er point of time (at the encl of subzone c). The increase 
in the sand content may b e ascribed to a lower \\"ater d epth as a result of the filling in of 
the lake basin. 
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Subzone \V 2 d . 
(BP 1 1.20- 3.40 m., 13P 3 2.11 - 4.23 m., BP 5 7.20- 10.02 m .). 

The subzonc is represented mainly by the sa nd laye rs H, G 2 an d G 1. The thin detritus 
layers in layer G a re most numerous in th e sha llow part of the basin (13P 1, BP 2 and BP 3), 
b ecoming diffuse in th e deepes t part (13P 5), where the th ree layers m erge into a single unit 
(see plate X). Most of the macroscopic materi al was a pparently deposited near th e shore. 
During the subzone the main parts of th e la rge basin " ·ere filled in . 

Th e content of seco ndary pollen is high ( :E " thermop hilous trees and shrubs" 55 %). :\los t 
of the macrofossils from these layers must haYe been deri ved from interglacial deposits. 

Subzonc \\' 2e (BP 5 5.00- 5.67 m.) . 

Th e subzo ne is r epresented a t BP 5 by the argillaceo us gyllj a F 2, whi ch co nsisted of 
small , hard lumps. The lumps may haYe formed dur ing a lowering o[ th e \\·a ter le,·el in 
zone \V 3 a (cp. p. 58). From layer F, which also comprises subzone W 3 a, J & :\t recorded 
macroscopic remains o[ th e following plants: Belula nana, B. pubescens, Empelrum nigrum, 
Hippuris uulgaris, Selaginella selaginoides, Vio la paluslris and Ranunculus aqualilis (agg.). 

Correspo nding to th e decrease of mineral content the values of " th ermophil ous trees and 
shrubs" decrease ( lo J0- 15 %). A similar trend is shown by the curve for Ter ti ary types. In 
analogy with co nditions a l Brorup Hotel Bog it is assumed tha t tlie pollen of Picea , Pinus, 
Juniperus a nd the E ricales is rebeddcd. They all b ecome rarer in zone \\" 3 a, where th e 
va lues for secondary pollen are very low (cp. BP 5 diagra m 1, p la te XJJl ). 

Th e pollen diagram HP 5 diagram 2 (plate XIV) shows the zones \V 2 e- 3d in grea ter 
detail. Here a n a ttem pt has been made to obta in a better quantitati ve p icture by omittancc 
of the pollen of " thermophilous trees and shrubs" , Picea , Pinus, Juniperus (except for sub­
zone \V 3 d) and th e Ericales from the pollen totals. As it may be seen from the pollen diagra m 
the cun'e co mprising " all seco ndary types" is co mpletely parallel to tha t for " thermophilous 
trees and shrubs", which certa inly arc seconclarv. 

In pollen diagram 2 the Belula values ai·e YCry Jo,,· ( 10 %) a t the lowest part of the sub ­
zon e, but they rise steadily (lo 45 %). Oth ern·ise th e subzone is characterized by high values 
of Sa /ix ( 1) , Gramineae (2) , Cyperaceae (3), a nd frequ ent occurrence of oth er herbs such 
as Rumex ace losel/a type (4), Arlemisia (5), Chenopodiaceae (6), Thaliclrum (7), Cruciferae (8), 
Plan/ago marilima ( 11 ), P. media ( 12), Filipenclula (I 9) , Rumex acelosa (20), L'rlica dioica 
(23), all of which characterize this subzonc a t Brorup Hotel Bog. 

Pollen o[ Eu-Polamogelon (27), Myriophyllum spicalum (28), M. a/lemif/orum (29) and 
a re,,· other aquatics is present. Th e va lues for .\/. all erniflorum increase to 23 %-

Zone \\" 3. 
Subzone W 3 a (BP 3 1. 98- 2.02 m. , BP 5 4.63- 4.91 m.). 

At BP 5 the sediment changes to th e detritus gyttj a F 1 at 4.82 m. Al BP 3 the subzone is 
r epresented by the sa nely gyttj a F , which seem s lo h aYc been deposited nea r the shore of 
the former lake. 

B elula seems lo ha Yc dominated. HoweYer , this b ecomes obscured a little h y a peak for 
Cyperaceae pollen, which presumably is quite local (see below) . The size mea suremen ts 
(cp. p. 38) showed tha t B . pubescens pollen dominates , and B . nana pollen seems to ha,·e 
been r are, although th e species was r epresented by m acrofossils. 

There is a definite decrease of the herb pollen, especially Gramineae (1), Rumex acelosel/a 
type (4), Arlemisia (5), Chenopocliaceae (6) and a few others , and there is a clear increase of 
pollen of Populus ( 17), Filipendula ( l 9), Rumex acelosa (20) and Th elypleris dryop leris (2 1 ). 
The birch fo res ts thus resemble those found at Brorup Hotel Bog. 

Pollen o[ Muriophyllum allemiflorum (28) is still common, and microspores of l soi!les 
echinospora (34) a nd / . /acuslris (35) have re-appeared. Their values increase strongly, 
I. lacuslris reaching 31 %- Jn the middle of subzone \V 3 a there is a shar p minimum of the 
cur rn for Limnophytes, and correspondingly an increase for that for Telmatophytes (Ca /Iha 
(37), Lysimachia lhyrsif/ora (38) and Menyanlhes lrifoliala (39)), At the encl of the subzonc 
Limnophytes r each high Yalucs again. The maximum of Cyperaceae pollen (cp. aborn) 
corresponds to the minimum for Limnophytes. This development undoubtedly reflects the 
formation of a local swamp vegetation probabh- as the r esult of a lowering of the wa ter level. 
A ri se of the water level is certainly indi ca ted a t the transition to the cooler subzone b. 
Desiccation during the low wa ter level probably caused th e crumbling of the subj acent 
deposit F 2. 

At BP 3 the layer F conta ins high a mounts of Cyperaceae pollen, a fact , whi ch makes it 
likely that the deposit was for med 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 conta ins a layer of sandy clay-gyttja (D 2), 
which is referred to subzone Vv 3 d . The subjacent part of layer D (D 3) formed probably 
during th e rise of water level in subzone b . Mineral sedimentation was apparently strong, 
probably b eca use the la rge lake had become ra ther shallow, and no trace of the favourable 
subzone W 3 c was left. 

Layer D 2 seems to represent a fragment of subzone d a t the transition to subzone e 
(BP 5, diagram 2). The content o r secondary pollen has increased somewhat. The Juniperus 
curve (25) is of interest, as the va lues increase to 12 %. This feature shows th at the deposit 
must be younger th a n subzone e from Brnrup, where the Juniperus curve starts rising, and 
as the Belula values are rath er low (ea. 30 %) and the herb pollen values high, it appears 
that th e 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, a nd 
no traces of the zones W 4- 5 were fo und. 

N0RB0LLING 

The site Norbolling (Field) is situated about 1000 ill . 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, 
th e basin is rat her shallow being up to 200 m. across with a maximum depth at about 
11 111. In 1954 a new boring was carried out in th e deepest part of the basin (near th e 
borings 5- 6, J &M). 

Sediments. 

The sequence of strata encountered in th e new boring was as follows (the strata 
have been designated with capital letters corresponding lo those used by J &111). 

A 0.00 - 0.55 111 . Humificcl herbaceous peal. 
B 0.55 - 1.11 111 . Argillaceous gyttj a. 
C 1.11 - 2.20 111. Sand, lowermost some small stones. 
Dl 2.20 - 2.64 Ill . Sanely clay with irregular sand layers and stones (A 2, Ga + s 2). 
D2 2.64 - 2.72 m. Sanely clay with some fine-detritus and humus (Ld 3 1, A 2, 

Ga + s 1). The lower limit irregular. 
E 1 2.72 - 2.83 m. Dy with a little humified herbaceous peal (Th3 1, Ld 3 3). 
E2 2.83 - 3. 10 m. Dy with a little clay and silt (Lcl3 3, A 1). The deposi t somewhat 

lumpy. 
F 3.10 - 4.53 111. Clay and silt with some fine-detritus (Ld2 1, A 3). 
G 4.53 - 5.80 m. Sand. 
H 5.80 - 6.99 111 . Sanely clay-gyttja. 
J 6.99 - 7.73 111 . Humiftecl herbaceous peat with remains of Calluna vulgaris and 

Eriophorum vaginalllm. The interglacial deposits continued clown 
lo 10.91 ill . 

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 rebecldecl 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 beiulus, 
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Dulichium arundinaceum, I/ex aquifolium, Najas flexi/is). They were presumably also 
derived from the interglacial d eposit, in th e same way as at Hcrning. 

Deta iled poll en analysis was carried out on th e dy deposit E, in which mineral 
mailer was scarce or abse nt. The pollen diagram is shown on plate :XIV (cp. table 33) . 

Pollen Zon es . 

Zone W 3 (3. 11 m. ). 
The topmos t sa mple from laye r F bel ongs to zone \V :l, a nd th e d eeper mineral slra la 

( th e l o,Ycr part of layer F , laye r G) corres pond to poll en zone \1/ 2. The eros ion a nd th e 
re-d epos iti on of interglacial m a terial thus co ntinued during zone \V 3. 

The po ll en spectru m a t 3.11 m. resembles su bzonc \V 3 e rath er " ·ell. To be mentioned 
a re th e high values for 13etula pollen , the ra rity of Pinus a nd Picea pollen ( 7), and the abu n­
da nce of pollen of Juniperus (14) a nd certain herb pollen types. 

The commo n occurrence o[ m icrospores of Jsoeles echinospora (27 ) and /. lacuslris (28) 
a nd of pollen of Elisma na lans (29) is \\·orlh mentioning. 

Zone W 4 (2.95-:·l.05 m.). 

The sed iment is dy (E 2) ,vith a slight content of mineral m atter. This layer corresponds 
only parlly lo layer E sho"·n in the sections of J & M (l. c., plate Xl) as sandy clay, and some 
of th e macrofoss ils recorded b y J & \I from layer E probably b elo ng rath er to layer F . The 
po llen ana lyses are hardly innu cnced from overreprescnlation of local terres tri al pla nts. 
A slight amou nt of rebcdcled pollen may be present in the lowermost sam ple. 

Pollen of Carpinus (1), Quercus (2), U/mus (3), Frax inus (4), Cory/us (5) and Alnus (6) 
is represented with IO\v values, whi ch increase slightly upwards . This pollen is undoubtedly 
p rimary and may be assumed lo have been due lo long d istance tra nsport (cp. zo ne \ V 4 
a l 13rorup Hotel Bog). 

The freq uencies for Pinus pollen increase rap idly repl acing Betula (cf. pubescens), a nd 
the Pirws pollen becom es d o min a nt at th e u pper part of lhe zone. 

The freq uencies for Picea pollen (7) increase from an ins ignifi ca nt valu e in zone \V 3c. 
The size-s ta ti s ti cs (cp. p. 35) indi cate that Picea abies was the only species represented a l 
the lower part or the zone, and tha t poll en of Picea omoricoides became rather frequent in 
the upper part. 

Pollen and spores or Larix (8), Frangula (9), Calluna ( 10), The/ypl eris dryopleris (22), 
Filipendu/a (2 -<), Urlica (25) and Pteridium (26) ar e rather frequ ent. Pollen of Populus (13), 
Juniperus ( 14), Sa/ix (15), Gra111ineae ( 16), Cyperaceae ( 17), Rume.r acelosella ty pe ( 18), 
Arlemisia (2 0) and T haliclrum (21) is ra ther rare compared lo th e values in zone W 3. 

lVlicrospores or Isoeles echinospora (2 7) a nd J. /acustris (28) a rc common. 

Zone W 5 (2.73- 2.90 m.) . 
The sediment (E 1) a ppear s to be lacustrinc . ll contained a small a mount of herbaceous 

roo tle ts. 
Pin us pollen dominates ( 40- 50 %) a nd the Belula valu es are ra ther low ( 10- 20 %) . The 

values for Picea (7) and Filipendula (23) d ecrease somewha t. The Frangula (9) a nd Calluna 
( I 0) values increase. 

The values for Isoeles echinospora (27) and J. lacuslris (28) decrease, but the mi crospores 
do not disappear entirely . Open water was apparently present also shown by the occurrence 
of pollen of Nuphar luleum (38). The values of Sphagnum (33) increase together with those 
of Rubus chamaem orus (3 2). 

Only lh e lowermost part of zone \1/ 5 a is represented. The irregular limi t to the mineral 
deposits above (D 1 a nd D 2) indica tes that erosion took place before th e d eposition of 
these stra ta. Layer D 1 is obviously a solifluction deposit , and the pollen co ntent of th a t 
deposit a nd of layer D 2 must be assumed to be dominated b y r eb cdded pollen, probably 
to a certa in degree deri,·ed from des troyed parts of layer E. 

SOLS0 

J &M ( 1928) d iscovered Eemian Interglacial depos its a t a considerable deplh a t 
the sit e Solso 22 km. west of Hcrning (sec the maps fig. 4, J & M 1. c., and fig. 11, 
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p. 123). They are coYc rcd by thick mineral layers and Postglacial gyttja, and a smal l 
remnant of the lake exists still. Howernr, no " upper mud horizon" was discovered 
by J &\1 (e . c.). 

:\'ew borings were carr ied ou t in 1955 and 1958. The boring from 1958 was carried 
ou t at th e S\V edge of th e present lake, approximately al Lhc locati on of boring 10 of 
J &M. Jn summary the profile was as follows: 

0.00 - 0.87 m. Gyttja (Poslglacial). 
0.87 - 1.38 m. Clay-gy ttj a (Postglacial). 
1.38- 12.18 m. Predominantly mineral deposits (\Ycichscli an Glacial). 

12. 18- 17.03 m. Clay-gyttj a and gyttj a (Ecmian 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 discon tinued at a depth of 10.40 m., as the heavy boring apparatus had to be 
remoYed from the ice due to its b eginning Lo 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-gyltj a corresponds lo the beginning of the Postglacial. 

Hence the Allerod, the Bolling, and any older interstadials arc not diIIerenti atcd in 
the sections. 

CONCLUSION 

In this chapter the i1wesligation of the post.-Eemian depos it s al the sites Brorup Hotel 
Bog, Rodcbrek I , Heming, Norbolling and Solso have been described. The records at 
the Yarious sites arc hctcrogenous as lo the length of the inlcrYals recorded, the nature 
of the sediments, and their value for pollen analysis. 

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

Brerup Hotel Bog \V 1- \Y 5c 
Rod ebrek I ............. W 1- \\' 2d 
Heming ................ \V 1- \\' 3d 
Norb01ling ......... ... . . W 1- \Y 5a 
Solso .................. The entire \Yeichselian 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 al Heming, 
:\Torbolling and Solso. This was probably due to greater exposure. In subzone W 2 c 
the lake at Rocl cbrek 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 Heming, Norbolling and Solso 
in zone \V 3 were still about 600 111. , 110 m. a nd 150 m . across, respccti,·ety. ll may 
be assumed that wave erosion , especially, was rather strong in th e larger lakes CYcn 
in the fayourable zone \V 3. 

Size and topography of Lhc catchment areas, which arc unkno\Yn lo-clay, may also 
haYc influenced the influx or mineral matter. 
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Table 22. Summaries of the sediment r ecords a t th e various s ites. 
Qyers igt oyer sedimen tcrne YCd de forske lligr lok aliteter. 

Site l3rorup Hotel 13og Hodeba::k I J-l erning I Norbolling 
1 

Solso 

c l'cal (E I) 
IJy (E I ) 

\\. 5 b l'cat. (E ! ) 
a L'eal (E l ) 

\\" + l'eat (E 2 , E 3) Dy (E I ) 

e 
d 

\\" 3 C 

b 
a 

C 

cl 

\\" 2 C 

b 

a 

\\" I 

h 

I 
L'eat a nd !lYllja (E 2, E +) I 

I 

Gyllja (E 4) 

I l'eat and Gytt_ja (E 5, F I ) 

I 
G~•llja (F 2) 

I Gyttja ( II! ) 

Silt and clay 
(l-1 I , organic conte nt high) 

Silt and clay Sand (C) 
(J-1 I , organic content low) 

Silt and clay :-\rfJ. fJyttja (D) 
(ll I, organic conte nt high) 

Clay and gyttja Clay a nd sand 
( J-1 2, o rganic conten t lo"·, J J) (E, F 1) 

Gyllja ( J 1) Arg. sa nd (F 1) 

I Gyll.ia ( J I) 
I 

l'eat. (G) 

I 
1 l'cal (.J 2, J 3) l'cat ( 1-1) 

I 

Sand (D 1) 
Sandy g:vttja 

(0 2) 
Sand (D 3) 
Sand (D 3) 
Gytt.ia (F 1) 
Arg . gyllja 

(F 2) 
Sand (G, H) 

Sandy clay 
(J J) 

Clay (J 2) 

Clay ( J 2) 

Clay (.J 2) 

Cla~•-!lyllja 
( I( I ) 

Clay (F) 

Sand 

and 

clay 

Clay (F) 
and 
Sand (G) 

I Uay-!JYll..ia 

I (Ii) 

!'cat (J) j Clay-,1~•llja 

As re-deposit ed interglacial pollen is abundant in th e mineral sediments, pollen 
a nalys is co uld be carried out success fully only on the sediments with a high organit: 
content. .·\I 13rorup Hotel Bog and al B erning the predominantly mineral laye rs were 
analyzcd in detail. The co ntamination \Yilh rcbcddcd pollen is mod erate al Brorup, 
and some res ults may be obtained, but al Heming the co nta mination o[ the mineral 
strata is so strong that th e results arc largely negative. For that reaso n detailed pollen 
analysis \\·as app li ed at :'Jorbo!Jing only lo the organic deposits, and a detailed inYcstiga­
tion of the predominantly mineral stra ta was omitled. AL Solso the prospect [or posili\·c 
r esults by detailed pollen analyses was not good, and they have been neglected. It is 
hoped that the innstigation o[ the interglacial layers can be conlinucd at a la ter occasion. 



V. VEGETATION AND ITS ENVIRONMENT I N WESTERN 

J UTLAND IN TH E POLLEN ZONES W 1- W 5 

GENERAL REMARl{S 

Sediments and pollen diagrams from the sites a l Brorup Hotel Bog, Rodeb::ck I, 
Heming, Norbolling and Solso have been described in chapter IV. The data are 
concerned especially with the pollen zones W 1- W 5, and th e interglacial pollen zone h 
should rather be discussed on a basis of more representative data and in connection 
with a study of the en tire interglacial succession. 

Conclusions as to the palaeoenvironmenl 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 th e foss il fl ora. 

The palaeobotanist works always under the limitations induced by the fossil ma terial . 
The parts of plants preserved are usually only those o[ greatest durability. However, 
the macrofossi ls, such as fruits, seeds and floral parts, arc often o[ high taxonomical 
value. It may also be thought that only plants whi ch grew in or nea r th e lakes and bogs 
would have a chance lo become represe nted by such remains. The literature con tains, 
however, a large number or idcntiflcations of dry-land plants. Pollen grains and spores 
are dispersed more effectively, of co urse, but these fossils may often only be identifi ed 
lo Laxa of a higher rank than the species. 

The idcntiflcations in the present study refer primarily to the present-d ay flor a of 
Northern and Central Europe. A wealth of information now exists about European 
Pleistocene flora s, and not the least important part of it relies on a multitude of macro­
fossils. It appears from th ese studies th at th e last great changes in the North European 
floras took place al the Pliocene-Pleislocene border and during the ea rlies t Pleistocene 
(see especially the inves tigations from the Netherlands by RErn (see VAN DER VLERI{ 
and FLORSCHUTz 1953) and by ZAGWIJN (1960), and from Poland by SzAFER 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 Pleislocene 
interglacial floras. HARTZ (1909) and JESSEN (in J & M 1928) thus examined an extensive 
material of pl ant remains from Eemian Interglacial deposits and layers immediately 
ajaccnt to them from Jutland . Macrofossils from this material could be identified with 
132 species of higher plants living in Northern Euro pe to-day. The remains of only 
two species could b e 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 anindinaceum (L.) Britt.) . Within th e material exa mined by the present 
author it has proved that an 0smunda 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 d iffer from the modern North E uropean flora in an essential way. If it had b een 
oth erwise, on e might expect tha t the authors m entioned above had en countered a 
greater number of fo reign species in th eir ca reful in ves tiga tions. 

In the data di scussed in more deta il here, m acrofossils and pollen and spores deri ved 
from E emian Interglacial d eposit s occur togeth er with a fl ora considered to b e primary 
a nd to d ate from th e early \Veichscli an Glacial. Thi s llora is co mp ared with th e La te­
Glacial fl ora from Denm ark on ta ble 23, and it can be seen that especially the floras 
of hcliophy tes resemble each other closely (see p. 106). These plants were a p pa rent ly 
wides pread in Europe in the \¥eichselian Glacial, and most of th e species a re still 
r epresented in North and Central E urope. 

The species as delimited to-day comprise in many cases series of races (biotypes, 
ecotyp cs, proven ances), which m ay vary physiologically. This problem of physiological 
vari ability within species is not new to palaeoecology (cp. \VESENBERG-L UND 1906, 
T uRESSON 1922, LANGLET 1935, FmBAs 1949) . The variability of the species during 
th e Pleistocene h as been studied only in a few cases, and plant r emains have been 
id entified to units lower than the species only rarely (e. g. JENTYS-SZAFEROWA and 
TRUCHANOWICZ 1953) . Hen ce, 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 da ta. Thus 
it may be imagined th a t the Pleistocene glaciations caused alterations in the biotype 
content of the therm ophilous species during th eir migration s to distant southern r cfu gia. 
The Pleistocene plant migrations covered presumably rather long spans of time, and 
it is poss ible that they were so slow that th e variou s ecological races found within th e 
thermophilous species were preserved. Still, the vicissitudes of migra tion m ay h aYe 
cau sed racial intermi xing or clepaupcration in these species (cp . CAIN 1940b, DANSE­
HEAU 1956, IVEHSEN 1958, FrnBAS 1958, J ESS EN, ANDEHSEN and !'ARRINGTON 1959). 
Heliophilous species are li kely to have varied greatly clue to racial hybridi za tion with 
th e creation of open habitats during the glacia ls. However, these species presu mably 
suffered serious cl cpauperations clu e to co mpetiti on in the Postglacial (cp. T un N 1953, 
IVERSEN 1958). It seems clea r, tha t palaeoenviron mental conclusions m us t be broad, 
and th ey should h e based on suggestions from more th an a very limit ed number of 
spec ies, if poss ible. 

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 spec ies, or even a 
genu s, m ay h ave certa in ecological preferences, although th ey may he of a broad 
nature. In cases where m acrofossils h ave been identified with a species, it is probable 
that the pollen r eferred to the genus belongs to the sam e species, but one cannot assume 
th at this was always th e case. 

The deposits studied ser ve as r esidues for fossil remains from the Yegetation that 
grew locally and in an area around the sites, the size of which cannot b e defined. In 
such a fossil Dora is it only exceptionally possible to group the species into associations, 
and in most cases th e 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 . W AHMING, CLEMENTS, 
LIVINGSTONE and SHREVE, RUBNER, DENGLEH, BHAUN-BLANQUET, \ ¥ ALTER). Informa­
tion about de tails may be obtained from the plant-geographical and th e fo res t-botanical 
litera ture, and from literature on experimental investiga tions. In the following , in­
form ation from such sources h as been relied upon . No cla im to co mplete r eferences is 
made, but it h as been attempted to obtain information from a wide range within th e 
distribution areas of th e species in question. General sources for information have 
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been the works G. HEGI: 1//ustrierte Flora van Milleleuropa and E. HuLTEN: Atlas of 
the Distribution of Vascular Plants in N \V. Europe. These works form a basis for in­
forma tion in all cases, where literature references are not quoted. 

In most cases the demands of plant species to th ei r environment arc known only 
in a coarse manner. However, their requirements may be much more precise. It will 
be necessary lo divide environment into simple facto rs, although ii is realized tha t 
such factors may be interrelated, and th eir elTect often complementary. 

Unfortunately, exact information about the climatic demands of the plant species is 
scarce in th e bo tanical literature. The microclimale at the habitats of the plants may 
dilTer from the meteorological climate. In the present cases, howeYer, we are concerned 
more with th e meteorological climate. Coincidence of present-day distribution limits 
for plant species with meteorological border lines (isotherms, isohyetes, etc.) may not 
olTer a d irect causal explanation of these limits, but such cases suggest that the species 
in question cannot find su itable growing places outside the meteorological border lines 
(cp. FIEGRI 1960). The horizontal distr ibution limits of plant species may in some cases 
be checked by fac tors irrelevant lo clima te, e. g. deficient immigration opportunity, 
the vertical limits, however, less so, as in that situation d ispersal must be assumed to 
be more elTective. For th a t reason altiludinal distribution limits may be compared with 
horizontal distribu tion limits with advan tage. However, conclusions as to the nature 
of the palacoclimate reached on such a basis should be considered to be interpretations 
ra ther th an facts. 

According lo IVE RS EN (1944), it should be remembered that the occurrence of a 
plant species is likely to be <l.climiled by the tempera tures of the whole year, but the 
average temperatures for the warmest and th e coldest month may be useful for a 
determination of its th ermos pherc (IvERSEN I. c.). Unfortun ately, indications of th e 
winter temperatu re are scarce in the fossil material. Hence, summer tempe ratures can 
only be estim ated rather broadly. Jv rnsEN (1954) arranged th e 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 exacting as to their habitat, 
e. g. basiphilous species, are the ones least likely to have climatically cond itioned 
distribution limits to-day (SAMUELSSON 1915, 1934, IVERSEN I. c.). In contrast lo 
WESENBEHG-LUND (1909), IVERSEN (I. c.) concludes th at aq uatic plants may be ex­
cellent temperature indica tors, and that a low sun altitude does not favour th e occurrence 
of thermophilous aquatic plants in particular (for the high value of aquatic plants as 
temperature indicators, see also GL UCK (1927), SAMUELSSON (1934), and SZAFER (1946, 
1954)). IvERSEN's study (I. c.) of the environment of the Lale-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 silveslris, Picea abies and Belula 
pubescens a re the most important trees along the forest border. In Scandinavia, west of 
the middle part of the Kola peninsula, Belula lorluosa, probably a race of B . pubescens 
(s. I.), dominates the zone between the coniferous forest border and the tree line. This 
zone is co mmonly referred to as the subalpine or subarctic zone. Scattered individuals 
of Pinus silveslris, Picea abies and Populus lremula occur in this zone, but the plants 
remain dwarfed and arc often sterile th ere (e. g. KrnLMAN 1890, SELANDER 1950 and 
KILA DER 1955). The subarctic zone in Scandinavia corresponds to th e zone with 
sca ttered trees ("forest tundra") in North ern Hussia (H usnc11 1952). Scattered in­
dividuals of Pinus silveslris and Picea abies also occur there (POI·ILE 1903, RUBNER 
and REINHOLD 1953). 
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In Central Europe Picea abies is also common at th e altitudinal forest border. Belula 
pubescens and Pinus silveslris ascend to a similar altitude there (sec i. a. GAMS 1927, 
PAUL 194 7). Besides Picea, Lari.r decidua and Pinus cembra arc frequent at high altitudes 
in the Central Alps. The upper Picea forest border may he compared with the No rth 
European conifero us forest border, and th e Pinus monlana-Alnus viridis zone in th e 
North ern Alps, and th e larix -Pinus cembra zone in the Central Alps corres pond thus 
approximately lo th e North European subarctic-subalpine zone (GAMS 1921 , 1923, 
D U RIETZ 1924, REGEL 1924, IVERSEN 1954) . 

Information from sediment records, find s of macrofossils, and th e distribution of 
th e fo ssil pollen and spores will be referred to below. The details of pollen distributi on 
in th e 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 fea tures in the occurrence of the various pollen and spore types 
is shown on plate XV. The histograms indicate for each zone or suhzone the numbers of 
species belonging to certain ecological categories (the curves A and Il), and average 
frequencies for various significant pollen and spore types. The species entering the 
curves A and B will he listed below at the descriptions of the various zones (the 
Ericales were not included, as presence or absence of their species cannot he determined 
exactly for the subzones, in which secondary pollen occurs). The pertentages are 
based on the pollen record from Brerup Hotel Bog (for the zones W 1- W 3) and 
Norholling (zones v,r 4- \V 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 poll en and spore frequencies shown on plate XV arc intended lo 
ill ustratc th e mode of occurrence of each species. For that reason it has not been 
allemp tcd lo keep th e percentage scales uniform . Dominance and subdominance may 
he judged more readily from the pollen diagrams th emselves. The percentages are based 
on the pollen totals used for th e pollen diagrams (see p . 15), except for the zones 
W 2b- e and \V 3 a- b , in which " all secondary pollen" was omilled (sec p . 55). 
The curves on plate XV are somewhat easier lo read th an the poll en 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 follow ing manner : 

I. Plants occurring mainly in zone W 2. 
II. Plants occurring mainly in zone W 3. 

III. Plants occurring mainly in the zones W 1 or W 4- 5. 

ZONE W 1 

The pollen spectra at Brorup Hotel Bog and at Rodebrek 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 wi th frequent 
occurrence of heath shrubs. 

The pollen spectra from zone h at Heming from aquatic sediments indicate that 
Picea, Pinus and Alnus predominated in th e general vegetation . The presence of pollen 
of Bux us, Taxus, Jlex, Hedera and Lonicera periclymenum (Brorup Hotel Bog, Rodebrek I 
and Heming) suggests that the climate was warm and oceanic, al least in the ea rly 
part of the zone. It is r emarkable Llrnl Picea abies was rather common at th at time (sec 
also J &M 1928, l vERSEN 1944) . This may suggest th at this species was richer in oceanic 
biolypcs form erly than al present (cp. J ESSEN, ANDERSEN and FARRINGTON 1959) . 

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

The transition to zone W 1 is indicated in th e pollen di agrams at Herning by decreases 
of Picea, Alnus and Pleridium, and increases of Juniperns, Cal/una, Empelrum and 
herb pollen, but the zone border is not developed clearly at that site due to rcbcdd cd 
interglacial pollen. The sedim ents from zone W 1 at Brorup and Rodcb::ck I arc also 
aquatic, and at these sites the general vegetation is better represented than in zone h. 
Al Brorup th e sediment from zone W 1 contains practically no secondary pollen, an<l 
at Rodekek 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 a t Brorup Hotel Bog and at Rodebrek I. The sediment changes, and remains 
of water plants appear at both sites. At H eming the transition to the zone is accompani ed 
by an increase in the amount of mineral matter in th e sediment. 

Temperature. 

Tr ees. The pollen from temperate trees and shrubs occurs a t Brorup witb such 
low frequ encies that it m ay be assumed that this pollen was due to Jong di stance 
transport by wind . 

It may be presumed that most of th e Pinus pollen belongs to Pinlls silvestris. Th e 
pollen occurs at Brorup and at Rod ebrek I with valu es at 10- 13%, and it is rather 
frequ ent a t Hcrning (20- 30%) - Such frequencies suggest that th e tree occurred at 
th at time with sca ttered individuals. 

Pollen referred to Picea abies, Belli/a pubescens and Popllllls lremllla occurs in small 
amounts (Brorup Hotel Bog), and it is suggested th at these trees may have occurcd 
occasionally. 

It is interesting to notice that the tree birch decreased together with Pinlls and Picea 
at the end of the Eemian Interglacial. It is sugges ted, accordingly, th at the Belli/a 
species present at that time had climatic demands similar to those of Pinus silveslris 
and Picea abies, and the species was, accordingly, B . pllbescens (s. sir. ) rather than 
B. lorluosa (cp . p . 80) . The size-statistical data suggest a similar conclusion (p . 37) . 

Shrub s. Shrub communities characterized th e zone. 
The pollen of Belli/a nana dominates within the birch pollen (p . 37). 
The pollen referred to Jllniperns communis is quite common with frequ encies up to 

6% (at Rodebrek I). 
Pollen of Cal/Lina vlllgaris and Empelrnm nigrwn occurs with frequencies at 5- 10%, 

and pollen referred to Empelrum hermaphrodilum and Arcloslaphylos uva-ursi is rath er 
frequ ent. H eaths with Belula nana, Juniperns and ericaccous dwarf shrubs were ap­
parently widespread. Similar communities characterize the subalpine-low alpine zones 
in Scandinavia, th e mountains of the British Isles, and th e Faeroes and Iceland to-day . 
It appears th at Empelrum nigrum was more common than E. hermaphrodilum 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 (ARWIDSSON 1935, WATT and JON ES 
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1948). E. hermaphrodilum is rare below lhe forest limit in Scotland and in Scandinavia 
(METCALFE 1950, ARWIDSSON I. c.). 

A few pollen grains were referred to Frangula alnus, Genis/a, Rubus idaeus, R. saxalile1) 

and Arcloslaphylos alpina, and seeds of Andromeda poli(olia occurred . Frangula alnus 
does not reach the subalpine zone to-day. The poll en referred to the species was found 
near th e lower border of th e zone. The species of Genis/a occur only in the southern­
most part of the Scandinavian peninsula to-day, b ul th e species C. germanica and 
G. lincloria may be found above th e forest limit in the Alps. Rubus idaeus is rare in the 
subalpin c zon e in Scandin avia, and R. saxalilis1 ) ascend s into the low alpine zone 
(NoRDMAGEN 1943, SELANDER 1950, KILANDER 1955). Arcloslaphylos alpina reaches 
the high alpine zone, and the species is rare below the fores t border. Andromeda poli(olia 
reaches the low alpin e zone. 

Terr es t ria l h e rb s. Pollen grains referred to Rumex acelosa and Geum ,,·ere 
ra ther frequent. These plants characterize open (and moist) woods to-clay. 

Some or the herbaceous plants represenl ed rather commonly by pollen indicate 
open habil a ts (e. g. Rumex acelosella (type), Armeria marilima, Plan/ago marilima, 
Arlemisia), and a number or the plants identifi ed from rare find s also indicate such 
habita ts (Lycopodium selago, Selaginel/a selaginoides, Bolrychiwn, Chenopodiaceae, 
Plan/ago media , Sanguisorba o((icinalis, S. minor, Campanula) . 

Aq u at ic plant s. lVlicrospores and pollen referred to l soeles echinospora and Myrio­
phyllum allerniflorum are recorded at Brorup. Similar rem ains occurred a t Hodeba,k J, 
together with fruitstoncs of Sparganium minimum. lsoe/es echinospora and I . lacuslris 
were appare nlly also common at Herning together with Myriophyllum a/lernif/orum . 
The Jsoeles species occur in lhe subal pine zone to-day. Sparganium minimum and 
Myriophyl/um allerniflorum also occur there, but Myriophyllum is often sterile in most 
of the subalpine zone (SAMUELSSON 1934, KILANDER 1955). 

The summer temperatu re in zone \\' 1 must have been considerably lower th a n 
that o[ zone h . Pinus silueslris , Belula pubescens, Populus lremu/a and Picea abies may 
have remained with scaltered individuals. The terrestri al and aquatic pla nt s represented 
in the zo ne suggest that conditions were similar to those fou nd in the subalpine and 
subarcti c zones of NW Europe to-d ay. 

The find s of Armeria marilima suggest th at the winter tempe rature was not Ycry low 
(cp. Iv ERSEN 1954). Genis/a species characterize oceanic hea ths to-day (i. a. T UxEN 
1937 , Boc11ER 1943), but th e species G. germanica and G. lincloria arc ra th er of a sub­
continental distrib ution type (MEUSEL 1940, Boc1-1ER I. c., WALTER 1951). Species of 
NvV-Eu ropean distribution are represen ted in the aquatic flora , but !heir occurrence 
is probably related to edap hic conditions ra th er lhan to winter temperature. Information 
about th e winter temp erature in zon e \V 1 is lhus scarce. However, it is suggested that 
lhe climate was oceanic . 

Precipitation. 

As mentioned above heaths similar lo those found in zone \N 1 are widespread in 
th e subarctic and subalpine zones of NW Europe to-day. According to NoRDHAGEN 
(1943) Calluna and Empelrum are most common in the coastal mountains in Norway, 
and th ese species dominate the mountai n heath vegetation of the British Isles (\VATT 
and J ONES 1948) and th e Faeroes (Boc11 ER 1940) Loo. Both species seem to depend on 
high a ir humidity during the summer , and snow protection during the winter is essential 

') and R. arclicus, 

6* 
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for them too (NORDHAGEN 1. c., HEDBERG et al., 1952). Belula nana and Juniperus 
comnwnis also require some snow protection in the subalpinc zone, and are slightly 
chionophilous. Arcloslaphylos uva-ursi, on th e 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 th e summer (NoRDHAGEN 1. c.). 

Rumex acelosa requires snow protection and some moisture. Planlago marilima and 
Armeria marilima occur to-day frequently in mountain vegetation in th e British Isles, 
the Faeroes and Iceland, and they even tolerate Jong snow cover (BocHER 1940, 
STEINDORSSON 1945), but oth er herbs represented in zone vV 1 are chionop hobous 
(Rumex cf. acelosella, Arlemisia, Sanguisorba spp.). 

It thus appears that air moisture was high and snow cover rich, but not excessive 
during zone W 1. Locally, on slopes fac ing sou th 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. Ca/luna and the Empelrum species cover to-day large areas on acid substrate 
in the subalpine zoue in N"W Europe together wi th Belula nana, Juniperus and Arclo­
slaphylos uva-ursi. The sites investigated here are situ a ted in the " hill islands" of 
Western Jutland in tills left from the glacia tion, which preceded th e Ecmian Inter­
glacial, a nd in which boulder clays with a high lime content predomin ate. Leaching 
began probably during th e 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 terrestri al plants from zone W 1 contains besides Calluna and the 
Empelrum species a few other plants, which are acidophilous to-day (Arcloslaphylos 
alpina, Thelypleris dryopleris, Lycopodium clavalum). A few of the plants represented 
(Filipendula , Geum, Urlica dioica, Rumex acelosa, 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 (A rlemisia, Chenopodiaceae, 
Plan/ago marilima, Rumex cf. acelose/la), and a few species which are neutro-basi­
philous to-day are recorded (Ophioglossum vulgalum, Plan/ago media, Sanguisorba 
minor, S. ol'ficinalis, Selaginella selaginoides). It is suggested that areas with bare, 
mineral soil existed, probably due to some erosion activity. The finds of basiphilous 
species arc rare; they may represent patches of calciphilous vegetation, which survived 
the Interglacial. 

The local vegeta tions at Brorup Hotel Bog and at Rodcbrek I became oligotrophic 
already during zone h, as heath vegetation dcYeloped. vVet local communities with 
Sphagnum, Eriophorum vaginalum and Rubus clwmaemorus developed al the transition 
to zone W 1, but the aquatic species appeared soon . lsoeles echinospora and J. lacuslris 
charact.erize lakes with acid or neutral water to-day. Myriophyllum allemiflorum 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, OLSEN 1950) . 

No aq ua tic species, which is basiphilous to-d ay, is record ed . This fact is quite 
interes ting, 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 Jakes. A similar development is known from Postglacial lakes (SAMUELSSON 1934, 
IVERSEN 1954) . 
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ZONE W 2 

The subzones a, c and e appear to have been relatively warm, and th e subzones b 
and d seem to represent the coldest parts of th e 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 subzoncs a- cl are 
represented at Rod ebrek I, but only th e deposits from subzone c arc suitable for pollen 
analysis. The entire zone is represented at Heming, but th e sequence is not clearly 
diJTerentiatcd. Subzone c may be recognized in an indistinct way, and subzone e is 
well developed there. 

Remains from 170 taxa of higher plants have been iden tified to genus or species 
level. 60 of them are considered lo be rebedded from the interglacial layers (cp. table 23, 
pp. 107- 111). The layers at Brorup from the subzones a, c and e are relatively free 
from that source of error, and th e same is true for subzonc c al Rodcbrek I and fo r 
subzone e at Heming. 

Sediments. 

It can be seen from table 22 (p. 77), that the sed iments from zone W 2 are pre­
dominantly mineral, but that there is some local variation. The mineral sedimenta tion 
was strongest at Heming, Norbolling and Solso, presumably because these lakes were 
larger than the Jakes at Brorup Hotel Bog and at Rodebrek I (p. 76) . Mineral content 
predominates in the sediments from th e subzones b and d a l all of the sites. At th e 
end of the zone, lakes still existed at Brorup, Heming, Norbolling and Solso, but th e 
lake at B.odebrek I became filled in almost completely already during the subzoncs 
a- b, except fo r a small pool, and this basin was nea rly oblitteraled in subzone d, so 
that no deposits co uld form in zone W 3. Most of the many Ecm ian Interglacial si tes 
known in Western Jutland (cp. th e list in J &M 1928, pp. 245- 246) were appa ren tly 
filled in by mineral deposits already cl uring an early part of zone ,v 2 (the subzo ncs 
a- b) . It is suggested , accordingly, that a major part of the cryoplanation or the Western 
Jutland landscape took place al an early time after th e Eemian Interglacial. 

The eros ion in zone W 2 was apparently considerable. At Brorup Hotel Bog th e 
maximum thickness of the layers dating from zone vV 2 is 2. 70 m., al Rodebrek I 
3.50 m., at Norbolling about 3 m ., and al Heming no less than 14 m. (at BP 11 of 
J &M). At the interglacial sites listed by J &M (I. c.) as having no organic horizons in 
the covering deposits, the thick nesses of the upper mineral strata vary between 1.15-
10.00 m. 

The various erosion activities mentioned earlier (wave erosion, surface run-oIT, 
solifluction, cp . p. 13 and 76) will produce the same type of sediment in the deepes t 
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 (I. c.) 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 a t Heming the marginal parts of layer J (corresponding lo th e 
subzones a- b) was described by those authors as "stony clay, moraine like in th e 
southern-most part" (see the description of the brickworks pit profile, I. c., p. 17). 
At B.odebrek I a solifiuction deposit dated to subzone b (layer E, see th e profile, plate 
VIII) reached almost lo the centre of the basin from the north , and the coveri ng deposit 
of stony sa nd (C), which postdates the clay-gyttja from subzone c, was also soliOuctccl . 
This layer reaches from the north and south almost to th e centre of the basin, ,,·hnc 
its equivalent is stratifi ed sand . 
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The obsen-ations just mentioned agree with the results of A. JESSEN, MADSEN, 
M1LTIIERS and NORDMANN (1918), in their investigation of the covering deposits al a 
number of Eemian Interglacial s ites in Western Jutland. These a uthors found above 
the Ecmian Interglacial layers, m argin al solifluclion deposits replaced in th e central 
parts of th e basins by lacuslrin c sediments, and they noticed disturban ces of the surface 
of the interglacial p eat al the m argins of the basins. Similar results were reached by 
J & M (1928). N0RVANG (1943) in his invest iga tion of the covering deposits of som e 
Eemian Interglacial bogs (Hol lund Sog:hd, Emmerlev Klev) found m ainly layers of 
stratified sand, a result which is not inconsistent with th e observa tions mentioned 
above. Hence, ii is indicated that mineral material was brought to th e edges of th e 
lakes largely by solifluclion, and b ecame water-sorted during deposition in th e central 
parts of th e lakes. 

The solifluction deposits from Western Jutland appea r to have formed by amorphus 
solifluclion, which implies tha t an undifferenlia led mass of soil moved or crept down 
the slopes. This solifluclion type was described originally by ANDERSSON (i. a. 1906, cp. 
SERNANDER 1905, H i:iGBOM 1913). Later authors (SORENSEN 1935, GRIPP 1939, TROLL 
1944, 194 7, B1WAN 1946, CAILLEUX and T AYLOR 1954) include structured soils (polygons, 
stone stripes) within the soliflu ction phenomena. Fossil structured soils have also been 
observed in V,' estern Jutland (see N0RVANG 1946), but th ey can not be dated exactly 
within the Weichselian Glacial, and they may have formed a t a la ter point of time than 
the phenomena m entioned h er e. At any rate, there is no evid ence th a t structured soils 
formed during zone Vv 2. According lo observations from th e present day, th e most 
int ensiYe m ass transpo rta tion is caused by a morphus solifluction , as th e movement 
in structured soi ls results mainly in a sorting of the materi al in silu (cp. SORENSEN 
1. c., '" Hangsolilluktion" versus "Microsolifluklion" according lo TROLL l. c.). Ac­
cording to R uDBEHG (1958) waler-saluraled solifluction soil, poor in vegetation , may 
move up lo 6.5 cm . a year on a slope of only 5°, and transportation may be cffectiYe 
eYcn on slopes of only 2° (BODEL 1948). Amorphous soliflu ction was apparen tly a main 
agent in th e cryoplanation of the West Jutland landscape, a result, which agrees with 
th e opinion of J&M (I. c., sec also A. J ESS EN 1905, H i:iGBOM 1913, SALOMON 191li, 
A. J ESSEN, MADSEN, MILTHERS and NORDMAN 1918, GRIPP 1924, BtiDEL 1944, TROLL 
1948). 

Structured soils characterize the High Arctic lo-d ay, and amorphus solifluclion 
occurs especially in low arctic and suba rctic regions (BESKOW 1930, SORENSEN 1935, 
BODEL 1948, CAILLEUX and T AYLOR 1954). SERNANDER (1905) and H i:iGBOM (1913), 
in their classic descriptions, referred also lo solifluction phenomena of this type from 
low alpine and even subalpine regions in Scandinavia. Most authors consider over­
saturation with water lo be an important r eason for amorphous solifluction . A perennial 
pergelisol is not a necessity, as other conditions may cause excess of water. Some 
authors (ANDERSSON 1906, SERNANDER 1. c., BODEL 1944, DAHL 1956. HEDBERG et al. 
1952) m ention the importance of melting water from large snow accumulations, and 
oversaturation by formation of ice crystals during freezing in the autumn may also 
b e important (BEs1ww 1930, SORENSEN 1. c., DOcl{ER 1937, BODEL 1948) . A moist 
climate, especially one with much snow, a long m elting period, and a high gro und 
water level, are thus favourable for amorphous solifluction , which characterizes area s 
with oceanic climate within the arctic and subarctic r egions (cp. especially BEs1ww 
1930, PATERSON 1940, TROLL 1944, 1948, BODEL 1944, 1948, DAHL 1956). Fine grained 
soils such as those found in the glacial landscape or ·w estern .Jutland would b e especially 
suited for this solifluction type. 

The sediment records show that the so il erosion in zone v,· 2 was especially strong 
in th e subzoncs b and d. Traces of solilluction can be referred lo these subzones, 
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especially. Organic sedimentation in the lakes was strongest in the subzoncs a, c and e. 
The di1Ierences between th e sediment columns from th e various sites must be due to 
nriations in th e local co nditions, probably especially size of th e lakes, ex posure to 
wind , and topography or th e catchment areas. The solinuction was presumably du e to 
oversaturation of the surface layers with water in connection with an arclic or sub­
arctic climate, and a high ground water level. Perennial pcrgclisol may have been 
present, but no indications of thi s phenomenon can be dated to zone \V 2. 

Temperature. 

Tr e es. As discussed earlier most pollen of trees found in zone \V 2 a ppears to be 
secondary. 

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

The percentage values for the Pinus pollen remain around 10% in subzone a at 
Brorup. Most of that pollen was probably due lo 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 c (see especially the pollen 
diagram from Rodebrek I , plate IX). 

A few pollen grains referred to Popu/us lremula occur in subzon e a, and may b e 
primary. The few finds from the subzones b and d m ay be secondary. 

Primary pollen of Belula pubescens may be present in subzone a at J3rorup (p . 53). · 
:\1uch of th e Belula pollen from the subzon es b- d at l3rorup is presumably seconda ry 
(p . 53), and th e pollen of the species was rare in subzonc c al Rod eba)k I , according 
to the size-frequency distribution curve (p. 38) . In subzonc c, however, th e species 
,ms apparenlly present at Brorup (p. 53). 

One poll en grain from subzone a may be referred to Prunus cf. padus. The trre 
occurs in th e subalpin c zone in Scandinavia lo-day. 

Shrub s a nd h cliophilou s h erb s. Pollen from various shrubs is rath er frequ ent 
in the zone, and a rich clement of hcliophilous herbaceous plants appeared. 

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

Be/u/a nana was apparently quite common in the subzones a (Brorup) , c (Brorup, 
Rodeba)k) and e (Brorup). As mentioned earlier th e species ascends into th e low 
arctic and low alpine zones in Scandinavia to-day. 

Juniperu s communis was common at least in the subzones a and c. 
Erica/es. 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 th e majority of th e Ericales pollen is secondary, and these plants 
must have b een rare, if present at all. The various species are common in the low 
alpin e and subalpine zones in NW Europe to-day (p. 82) , and their decline at th e 
beginning of zone vV 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. Hcliophilous shrnbs (except Erica/es) 
and herbaceous plants identified from pollen and spores are listed below. Most of 
th e plants are represented only by scattered find s, but a few of them have continuous 
curves in the pollen diagrams (Arlemisia, Rume.x acelosel/a , Plan/ago marilima) . Th e 
letters in brackets indicate the subzones from which the finds are recorded. 
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Allium cf. schoenoprasum (ce) 
Anlhyl/is uu/neraria (be) 
Armeria marilima (cdc) 
Arlemisia (abcde) 
As/raga/us alpinus (cdc) 

campeslris type (de) 
danicus (de) 
frigidus ( c) 

Belli/a nana (abcde) 
Bolrychium lunaria (cc) 
Campanu/a type (abcde) 
Cenlaurea scabiosa (c) 
Chenopodiaceae (abcde) 

*Cytisus nigricans (de) 
''Ephedra dislachya (abce) 

cf. slrobilacea ( ce) 
Euphrasia-Rhinanlhus (ac) 
Genliana amarella type (cd) 

* pneumonanlhe (d) 
Gypsophi/a (cd) 
Helianlhemum oe/andicum type (ce) 

*Hippophae rhamnoides (c) 
*Jasione monlana (c) 

Juniperus communis (abc) 
*Linum auslriacwn type (d) 
Lotus (cde) 
lycopodium se/ago (ace) 

*Ophiog/ossum uulgatum (c) 
Parnassia pa/ustris (ce) 
Plantago marilima s. I. (abcde) 

media (acde) 
Rosa (c) 
Rumex acelosella s. I. (abcde) 
Sagina nodosa (c) 

*Sanguisorba minor (c) 
of(icinalis ( abce) 

*Scleran lhus perennis (c) 
Sedum (bed) 
Se/aginella selaginoides ( acde) 
Swerlia perennis (ad) 

'''Teucrium monlanum (d) 
Thaliclrum (abcde) 

'''Trifolium alpeslre (c) 
aruense (de) 

Viscaria sp. (cd) 

The polJen 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 c (37 taxonomic groups), where the amoun t of rebedded 
pollen is a t minimum al Brnrup Hotel Bog and at Rodcb~k I. This suggests strongly 
th at th e heliophilous plants belong to the primary flora . 

Higher summer temperature in subzone c may have con tributed to the general 
concentration of heliophyles th ere. The Arlemisia curve at Br0rup Hotel Bog shows 
maxima in th e warmer subzones a, c and e, and minima in the subzoncs b and d (see 
curve 26 on plate VI, and plate XV). VAN DER HAMMEN (1951) found that the Arlemisia 
values were particularly low in th e Pleni-Glacial of the Netherlands, and ascribed 
this lo low summer temperature. Hence, ii is possible that the plant was favoured by 
higher summer temperature in the subzones a, c and e, and that deficient summer 
temperature caused its minima in the subzones b and d (for the influence of soil 
conditions, seep. 92). 

The plants marked with asterisks in the list above are not represented above the 
forest limit in Europe to-day. However, th ey 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 tempera ture. Still , some of the 
finds may suggest a rath er high summer temperature, especialJy in subzone c (Ephedra 
spp., Hippophae, Jasione monlana, Scleranlhus perennis, Teucrium monlanum (found 
at the transition subzon e c- d)). 

Shade t o l e r an t herbs. Plants, which characterize subalpine lalJ herb com­
munities lo-day (cp. i. a. Boc1-rnR 1938, Husnc1-1 1936, NoRDHAGE 1943, SELANDER 
1950), were not common in zone W 2. Thus pollen grains and spores of Filipendula, 
Rumex acelosa, Urlica dioica, Geum, The/ypleris dryopleris, Melampyrum and Lycopodium 
claualum were rare in most of the zone (see the curves in group II on plate XV). In 
some cases, their frequencies begin lo increase in subzon e e. 
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The summer temperature can hardly have been too low for these plants, al least not 
in the warmer subzoncs, and it appears to be more likely that soil conditions were 
unfavourable for them (cp. p. 91). 

Pollen r eferred to Mercuria/is perennis was recorded from subzonc a a t Brorup and 
subzone c at Rodebrek I , and pollen referred to Stellaria holoslea from subzone c at 
Brorup. These finds a rc rather surprising. A secondary origin might be possible. 

Aq u al i c pl a nt s. The sequences a l Brorup Hotel Bog, Rodcbrek I and H crning 
were lacustrin e 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 a.re quite 
certainly primary ( lhe letters in brackets indicate the sites al which the plants are 
represented. B = Brorup Hotel Bog, R = Rodebrek I , H = Heming), 

Ca/lilriche sp . (B) 
•:•(Elisma natans) (B) 
Hippuris vulgaris (H) 

'''lsoeles echinospora (BRH) 
lacuslris (BRH) 

'''Myriophyllum allerniflorum (BRH) 

'"Myriophyllum spicatum (BRH) 
*Polygonum amphibium (BH) 
Potamogeton sect. Eupotamogelon 

(BRH) 
Ranunculus trichophyllus type (BRH) 
Typha-Sparganium type (BRH) 

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

*Po/amogelon nalans (B) 
pusil/us (B) 

Ranunculus aqualilis (coll. ) (BRH) 
* 
Sparganium anguslifolium (R) 

minimum (BR) 

The pollen of Elisma nalans was found just a l the transition lo zone W 3. lls signifi­
cance will be discussed later (p . 98) . 

The plants m arked with as terisk ar c not represented in the lists of species occurring 
in the alpine zone in E urope to-day given by IVERSEN (1954). One species (Myrio­
phy/lum spicalum) is basiphilous lo-day, and ils present distribution may be r es tricted 
by edaphic factors rather th an by temperature (SAMUELSSON 1934, IVERSEN 1. c.) . Two 
species (Myriophy/lum allerniflorum, Sparganium minimum) are sterile in th e upper 
part of the suba.lpine zone to-day (SAMUELSSON 1934, KILANDER 1955). 

The distribution within the zone of the aquatic plants is best illustrated by the pollen 
diagrams. At Brorup Hotel Bog (pla te VI) the curve for Limnophytes shows very clear 
maxima in the subzones a, c 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 allerniflorum, Sparganium, subzone c: Myriophyllum allerniflorum, M. spicatum, 
Polamogelon , Sparganium, Ranuncu/us, Ca/lilriche, subzone e: Jsoeles echinospora, 
I . lacuslris, Polamogelon, Sparganium, Ca/lilriche, Polygonum amphibium. The following 
plants are represented a t Rodebrek I , in subzone c: Jsoe/es echinospora, I . lacuslris, 
Myriophyllum allerniflorum, M. spicalum, Ranunculus, Sparganium. Al H eming the 
curves are less clear. The subzones a a nd c conta in indistinct maxima for Isoeles 
echinospora and / . lacuslris. A richer aquatic flora d eveloped at the site in subzone e 
with maxima for Myriophyllum allerniflorum, M. spicalum, Polamogelon, Rammculus, 
Sparganium and Hippuris vulgaris. 

II m ay be seen that th e aquatic plants occurred richly in the subzones a, c and e, 
and th e lakes were nearly steril e in the subzones b and d. The subzo nes b and d 
coincide with the maxima for influx of allochtonous mineral matter . LIVINGSTON E 
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(1957) has shown that strong mineral sedimentation may cause a depletion of nutrients, 
especially phosphorus, in the Jake water, sufficien tly to prevent a development of 
certain plankton organisms. In the present case there is no reason to believe th at th e 
mineral sedimentation was un favourable for the aquatic plants. Most of the species in 
question do not depend on the concentration of nutrient ions in th e Jake water, as they 
may derive such ions from th e bottom deposits, and some of the species (Sparganium 
anguslifolium, S. minimum, Myriophyllum allerniflorum, Jsoeles echinospora and / . 
lacuslris) require very litlle phosphorus (LOHAMMER 1938, IVERSEN and OLSEN 1943). 
It may accordingly be considered to be fairly certain th at temperature was the most 
important fac tor governing th e 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, c and e, and that it did not 
differ substantially from that of zone W 1. As Myriophyllum allerniflorum 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, c 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 lo-day. This agrees with the 
finds of Polamogelon nalans, Sparganium minimum (subzone c) and Polygom1m amphi­
bium (subzone e), which also are rather thermophilous. 

Some other plants from local habitats indicate probably also ra ther favourable 
summer temperatures in subzone c. Pollen grains referred to Rumex aquatiws or 
R. hydrolapatlwm are recorded at Roclebrek I. 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 Rodebrek I too . Drosera anglica or 
D. rolundifolia is recorded from the subzone at Rodebrek I and at Heming. D. rolundi­
folia, which ascends the highest to-day, occurs only rarely above the subalpine zone. 

A minimum for Limnophytcs in subzone c at Rod ebrek I corresponds to maxima 
for Sphagnum, Rubus chamaemorus and oth er 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 cl suggests that the 
summer temperature was low, perhaps of high arctic character. 

It may be seen that the terrestrial and the aquatic fl oras o!Ier similar pictures of th e 
changes of the summer temperature in zone \V 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 c, which separated the two cold subzones b and cl. The climate 
in th e subzones b and cl 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- cl . In subzone e, Betula pubescens 
and Populus lremula 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 ex ist. The rareness of the erica­
ceous heath shrubs may have been clue to edaphic conditions (cp. below) rather than 
to too low winter temperature. The finds of plants of present-day atlantic or sub-allantic 
distribut ion , such as Jasione monlana, Sclerantlws perennis and Armeria marilima 
suggest that th e winter temperatures cannot have been very low, and th e climate 
apparently was at least moderately oceanic. 
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Soil and l'recipitation. 

The decrease for th e Ericales pollen at the beginning of th e zone was a significant 
event. As mentioned above lhe decline of' these heath plants can hardly have been due 
lo temperature changes, and there is no reaso n to believe that the climate became too 
dry. It seems to be much more likely that th e decrease of the Ericales resulted from 
soil changes . It is well known from th e present day that solifluction may destroy a 
humus layer and turn up unleached subsoil , thu s 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, GJ£REVOLL 1956, 
and especially the detailed description by DAHL 1956). Hence, ii may be assumed that 
the solifluction destroyed the acid, podsolized land surface in zone \ ,V 2, and brought 
unleachcd subso il to th e surface. 

As mentioned on p. 71, the high frequencies for reb edded pollen of Calluna and 
Empelrum found al Berning indicate that acid humus with much local heath shrub 
pollen was eroded. 

Calluna and Empelrum may have occurred occasionally in places nol a!Iecled by 
the solifluction. Empe/rum hermaphrodilum was probably a member of a local bog 
community at Rodeh::ck I in subzon e c (p. 65), and it appears that Arcloslaphylos 
uva-ursi may have occurred in subzone c (p. 52 and 64). The species may occur 
on a wide rnriely of soil s to-d ay. 

Juniperus was apparently fairly common at least in the subzones a and c. The 
species has a wide soil range lo-day . Be/11/a nana was common at least in the subzones 
a, c and e. This species may grow on welter 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 lo-day were rare in zone \,V 2. As it is indica ted that the summer tempera­
ture was rather high in certain subzones, ii appears th at this probably was due lo 
insufficient humus formation . The frequencies of so me of th ese pl ants begin to increase 
in subzone c, and the soil became probably more favourable for them at that time . 

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

Anlhyl/is vulneraria (be) 
Aslraga/11s a/pinus (bed) 

campeslris type (de) 
danicus (de) 
frigidus (c) 

Cenlaurea scabiosa (c) 
Ephedra dislachya (a bcc) 

cf. slrobi/acea (ce) 
Gypsophi/a (cd) 
Helianlhemum oelandicum type (cc) 
Hippophae rhamnoides (c) 

Linum auslriacwn type (cl) 
Ophioglossum vulgalum (c) 
Parnassia paluslris (ce) 
Plan/ago media (acde) 
Sagina nodosa (c) 
Sanguisorba minor (c) 

officinalis (abce) 
Selaginella selaginoides (acde) 
Swerlia perennis (ad) 
Teucrium monlanum (cl) 
Trifolium alpeslre (c) 

Only 5 species of this type were rcprescnlcd in zone W 1 (p . 84, and curve B on 
plate XV). Similar numbers occur in the subzon es a and b . After subzone b, during 
which the solifluction may be presumed to have been especially strong, their number 
had increased lo 19 (in subzone c). None of th e hcliophilous plants listed on p . 88 
are distinctly acidophilous lo-day. Jasione monlana, Rumex acelosella s. I. and Scleran­
lhus perennis may be considered to be acidophilous ( \ 'o LK 1931, vYALTER 1951), but 
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these species have wide pH ranges. Rumex acelosella s. l. thus occurs frequently on 
basic soils (i. a. VoLK I. c., OLSEN 1921 , M0LHOLM HANSEN 1930, NORDHAGEN 1943, 
ALBERTSSON 1950, Bi:icHER 1954), and this is also the case for Jasione and Scleranlhus 
(VOLK I. c., BRAUN-BLANQUET 1955, Bi:iCHER I. c.) . 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. Genliana pneumonanlhe, Ophioglossum vulgalum and Trifolium 
a/peslre) , but the majority of these plants occur often in habitats with open mineral 
soil , such as young moraines, solifiuction 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 
AICHINGER 1951, ALBERTSSON 1950, ANDERSSON and BIRGER 1912, 0. ANDERSSON 1950, 
BRAUN-BLANQUET 1936, 1955, BRAUN-BLANQUET and JENNY 1926, Bi:icHER 1937, 1945, 
1954, CAJANDER 1903, 1908, 1909, F£GRI 1934, GAMS 1927, M0LHOLM HANSEN 1930, 
JALAS 1950, JENNY-LIPS 1929, KuKA 1931, 1936, 1939, Ltior 1921, 1945, 1958, MEUSEL 
1939, 1940, NORDHAGEN 1943, SALISBURY 1925, STEFFEN 1928, STEINDORSSON 1945, 
STERNER 1922a, 1922b, TtixEN 1937, VOLK 1931, 1940). It is interesting to notice that 
p ioneer plants were so prominent in zone W 2. Prevalence of open habitats with 
mineral soil apparently formed a background for the rich fl ora of these plants. 

It has been stressed that snow cover and soil moisture were high in zone vV 2. 
This may explain that the Arlemisia frequencies remain rather low, in the warmer 
subzones only exceptionally above 2%, whilst in the Late-Glacial Arlemisia frequencies 
above 10% are often met with (see i. a . FIRBAS 1949, 1951, IVERSEN 1954, VAN DER 
HAMMEN 1951, GODWIN 1956). As IVERSEN (I. c.) pointed out, most European Arlemisia 
species are xerophilous. Thus the plant may have been favoured by decreased moisture 
in the subzones a, c 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 c by decreased moisture (see the curves for Rumex acelose/la s. I. , 
P/anlago marilima, Lotus, As/raga/us alpinus and Thalicfrum on plate XV). 

Wet solifluction soils of the amorphous type may carry practically speaking no 
vegetation to-day (see descriptions by Bi:icHER 1954 b , DAHL 1956, GJ£REVOLL 1949, 
1956, FRODIN 1918, H EDBE RG et al., 1952, NoRDHAGEN 1943, SEIDENFADEN 1931, 
SELANDER 1950, SERNANDER 1905, STEINDORSSON 1945). Even Sa/ix herbacea, S. po/aris 
and Polygonum viviparum, which tolerate some snow cover, show reduced vitality in 
wet solifluction soils (GJ£REVOLL I. c.), and species able to survive such cond itions 
(e. g. Phippsia spp., Poa alpina, Luwla confusa and other Luwla species, Ceraslium 
cerasloides, Ranuncu/us g/acia/is, R. pygmaeus, R. nivalis, Cardamine bellidifo/ia, Saxi­
fraga rivularis, Cassiope hypnoides, Gnaphalium supinum a . o.) may produce very little 
pollen because of reduced flowering intensity, and they m ay not become recognized in 
pollen analysis. 

Very little can be said about the composition of the vegetation in the subzones h 
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 Rodebrek I) , and one pollen tetrad belongs probably lo Cassiope hypnoides (suh­
zone b, at Brorup Hotel Bog). The pollen of Ceraslium-Slellaria type cannot be identified 
sufficiently closely, and the pollen of Ranuncu/11s b elonged rather to aquatic species. 
The curves for Ligu/iflorae, Galium type, Campanula a nd Bislorla 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 Bislorla pollen may belong to Bislorla (Polygon11m) 
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vw1parum, and the pollen of Campanula to C. rolundifolia. A sample from the soli­
fluction layer E 2 at Rodebiek I (BP 79 m. , depth 1.90 m ., from subzone b) had the 
following poll en spectrum : " thermophilous trees and shrubs" (Carpinus, Quercus, Acer, 
Frax inus, Alnus, Corylus, flex, Viscum) 32%, Picea 0.4 %, Pinus 5.0%, Belula 23 %, 
Salix 1.3%, Juniperus 0.7%, Calluna 7.3%, Empelrwn 1.5%, Gramineae 17 %, Cyper­
aceae 8.6%, Pleridium 0.2%, Rumex acelosella type 0.5%, Rumex acelosa 1.1 %, Planlago 
marilima 0.2 %, Sphagnum 3.8%, Jsoeles lacuslris 0.9 %, Thelyplerispaluslris type 0.4%, 
Typha-Sparganium 0.4 %, Myriophyllwn alterniflowm 0.5 %. It may be seen that the 
pollen spectrum is dominated by interglacial pollen and pollen from plants which were 
common in zone VI/ 1. Only a small proportion of the pollen may b e assumed to b e 
primary, and no species particularly ch aracteristic of solilluction soils is r epresented . 

Macroscopic r emains of such plants were also rare. J &M (1928) recorded two leaves 
of Salix herbacea from the " middle bed" at Heming, and among the 37 species of 
bryophytes listed from tha t layer by J &M (1. c.) two species (Meesia lriquelra and 
Paludella squarrosa) m ay be found in snow beds, and only four other species (Bryum 
ventricosum, Catosporium nigritum, Ceralodon purpureus and Ditriclmm flex icaule) may 
grow on wet solifluction soils to-day (according to kind information from cand. mag. 
K. HOLM EN). 

It seems, indeed, th a t the remains of terrestrial plants found in the lake sediments 
represent mainly the yegctation that occurred on well drained slopes exposed to sun 
and wind, and, in the warmer subzon cs, also on dried out solifluction soils. Such 
habitats h arboured a fl ora rich in plants able to grow on barren mineral soil , truly 
the " tramps" of the plant " ·orld (cp. ERDTMAN 1946), which spread from their inter­
glacial refugia, as an opportunity was oJiercd. 

It can b e seen from the pollen diagram from Brorup Hotel Bog (BP 1, plate VI) 
that Cyperaceae pollen is most frequent in the subzones a- c, and th a t spo res of Sphagnum 
and pollen of Rubus chamaemorus are common th er e. These remains represen t probably 
ycgctati on in boggy habitats not ye t affected by the solilluction . The Cyperaceae pollen 
is less common in the subzoncs d- c, and it is suggested th a t the bog h abita ts became 
destroyed. 

The local bog comm unity that developed at Rodcbrek I in subzonc c apparently 
co nta in ed Empetrum hermaphrodilum, Cyperaceae, Rubus chamaemoms, Drosera spp . 
and Sphagnum (p. 65). Such a comm unity is distinctly acidophilous. The moss 
Caliergon slramineum noticed in the same layer (p . 65) presumably also belonged to 
that com munity. The species occurs mainly in acid Sphagnum bogs to-day (KrvrNEN 
1935, S0RE 'SEN 1948). 

The fl ora of higher aquatic plants from the zone is listed on p. 89. The species 
Myriophyllum allerniflornm, Potamogelon pusillus and Hippuris vulgaris arc neutro­
basiphilous to-day (l vERSEN 1929, lvEHSEN and OLSEN 1943, OLS EN 1950, MEIJER 
and DE vVrT 1955), and the moss Scorpidium scorpidioides, r ecorded at Br0rup Hotel 
Bog (p. 56), belongs to that category of plants too . S0RENSEN (1. c., cp. IVE RS EN 
I. c ., KrvINEN I. c .) found the species only in neutral and basic water, and he found 
that it grows b est at pH 7 .5- 8.0. Calliergon giganteum, recorded from subzone c at 
Rodebiek I (p. 64), occurs in weakly acid and n eutral water to-day, but the species 
is most common at neutral conditions (KrvINEN 1. c., S0nENSEN I. c.). The occurrence 
of the higher plants and the bryophytes m entioned sugges ts, that the water of the lakes 
at Brorup Hotel Bog, Rodebrek I and Herning cannot h ave been acid in zone W 2. 

The remains of Polamogelon filiformis and other basiphilous species found especially 
at H erning do not occur in such a manner that it ca n be assumed that they are primary. 
The find s r eferred to Myriophyllum spicalum, however, must be considered lo be reliable. 
The polkn grains occur quite commonly in subzonc c at Brorup Hotel Bog and at 
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Rodebrek I, and in subzone e al Heming, where the occurrence of rebcdded pollen is 
at minimum, and il can hardly be doubled that the species grew in th e lakes at those 
times. The aquatic floras from zone W 1 contained no basiphilous species, and the 
appearance of Myriophyllwn spicalum may be considered lo indica te that the wa ter 
received by the lakes from th e surroundings contained carbonates, presumably due 
to solifiuction, which brought unlcachcd subsoil lo the surface (see above). 

The aquatic vegetation found in the warmer subzones of zone \V 2 was not ex­
ceedingly r ich. Still , competition from Myriophyllum and Polamogelon was appar ently 
loo strong for the Jsoeles species at Brorup Hotel Bog in the subzones a and c, and at 
Heming in subzone e. The l soe/es species replaced Myriophy/lum and Polamogelon at 
Brorup Hotel Bog in subzon c c, and at Heming al the transition to zone \V 3, pre­
sumably because th e 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 al Heming (BP 5, plate XIV). 

Rebedded pollen occurs only in the subzones a and b al Brorup Hotel Bog, and 
the amount of rcbedd ed pollen is insignificant. The influence of rebedded material is 
a lilllc stronger in the layers al Heming, but a rath er clear picture of the contempora­
neous vegetation can still be reached (p. 73). 

Sediments. 

The sed iments al llrorup Hotel Bog indicate a climatic improvement. The organic 
content is high, generally (sec fi g. 9, p . 51), and the water level was low during most 
of th e zone. The sediments also reflect minor oscillations in lhe water level within th e 
zone. The lake dri ed oul in subzone a, and the lake bottom contracted into hard lumps 
(p. 58). The sedim entation was resumed in subzon e b , and clay-gyllja (F 2) form ed . 
During subzone c the peal layer E 5 form ed, but gyllja form ed in subzonc d again . 
The reversements of the development in the subzones b and cl were probably caused by 
slight climatic clctcriorations, which led to higher water level (sec also p . 117). Another 
peal deposit (E 3) began forming in subzone e. 

Increased organic content (layer F 1) also marks the transition lo zone \V 3, al 
Heming. At the transition to subzone b the sediment became predominantly mineral 
again, and mineral sedimentation continued until most of the basin was oblillerated . 
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 Solso the sediments from this zone were predominantly mineral , here too pre­
sumably clue to wave erosion (see p . 76). 

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

Temperature. 

Tr ees a nd s hrub s. The sediments from the subzoncs c and eat Brorup Hotel Bog 
contain no allochtonous material , and all their pollen is uncloubteclly primary. Pollen 
of Carpinus, Quercus, Ulmus, Alnus and Cory/us occurs th ere with frequencies less than 
1 %- 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 4% . 
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Belula pubescens was by far the most frequent tree. The species contributed the main 
proportion of the large-s ized pollen, and B. Lorluosa, if present al all , was rare (p. 37). 
The Belula pollen freque ncies are so high, that it must be assumed th at th e area was 
forested. The abundance of Belula pubescens indicates that the July temperature was 
rather high. The frequent occurrence of the light demanding Populus lremula, Belula 
nana and Juniperus communis (in th e subzoncs c- c), and th e high herb pollen frequencies 
show th at th e birch forest can not have been dense. The Belula values decrease in the 
subzoncs b and d , and the herb pollen frequencies increase. The Belula forest ap­
parently became more open in these subzoncs, and it is suggested that the summer 
tempera ture was lowered sufficiently to cause decreased vitality in Belula pubescens. 

The Populus curve rises just below the transition lo the zone. The curve follows th at 
of Belula rather closely. As mentioned earlier Populus Lremula occurs in th e subarctic­
subalpine zones in Scand inavia to-clay, but the species is dwarfed th ere and often 
sterile. The temperature requirements of the species are probably similar to those of 
Belula pubescens and Pinus silveslris (see p. 80). 

Prunus pollen occurs scatteredly in the subzones a, c and cl. Prunus padus is the 
least thermophilous Prunus species in Northern Europe lo-day, and occurs in the sub­
alpine zone in Scandinavia (HOLMBOE 1925, NORDHAGEN 1943, SELANDElt 1950, 
KILANDER 1955), but the species may not always reach the upper limit of that zone 
(NORDHAGEN 1927). 

Pollen grains referred to Ma /us silveslris are recorded from the subzoncs a and c 
at Brorup Hotel Bog. The species has a rath er southerly distribution in Scandinavia 
to-clay, and ii does not reach high alliludcs in the Alps (Wallis al 1600 m., GAMS 1927). 
In view of th e difficulty in reaching very certain identifications the finds should probably 
be co nsidered with caution . 

Be/11/a nana ,ms apparently rather common during the zone. This heliophilous 
shrub ra nges widely in subarc tic and lcmpcralc parts of Europe lo-day. 

Juniperns pollen is fairly frequent in the later part of zone vV 2 at Brorup Hotel Bog 
(2%). The frequencies decrease to very low values at the transitio n to subzone ,v 3 a 
(0.4 % at Brorup, 1.3% al Hcrning), and the pollen is qu ite rare in subzonc b loo 
(0.8 % at Brorup). The pollen of the species becomes common later reaching 7% in 
subzone c, and 12% in subzonc e, and the species found obviously favourable condi ti ons 
in the open Belula fores t at th at time. It is quite difficult to understand, why the species 
was so rare in th e subzones a and b. Temperature, light and soil were presumably 
just as favourable for ii as later on. One possible explanation is that this shrub dis­
appeared from the neighbourhood of the sites in zone W 2 (subzone cl), 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 until! subzone c. 

The Sa/ix pollen becomes rarer in zone W 3. It is least common in the subzo nes c 
and e (see plate XV). The Sa/ix scrub apparently belonged to the heliophilous element. 

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

Pollen grains referred to species of Rubus (R. idaeus, R. saxalilis, R. arcliws, R. cf. 
frulicos11s) were found repea tedly. Seeds of R. idaeus occur loo (p . 57). The pollen 
grains referred to that species occur in th e subzones c and c. The species is rather rare 
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above the forest border in Scandinavia to-day. R. arclicus (subzone b) and R. saxatilis 
(subzones b, c 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. frulicosus s. 1. are rather southern in Scandinavia lo-day, but the pollen cannot 
be identified with great certainty. 

Pollen referred to Lonicera xylosleum is recorded from subzone e al Brerup Hotel 
Bog. The species is rare north of the July isotherm for 15°C in Scandinavia to-day, 
and ii docs not reach the upper coniferous forest limit. The species occurs also in 
Picea woods in the Alps (LUm 1921, GAMS 1927). 

The remains of Lari.x discovered in subzone c 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, Rohe Tatra, and in the Alps (OsTENFELD 
and LARSEN 1930). The species reaches high altitudes in the Central Alps, where ii is 
common at the upper tree limit. In the Sudeten the species does not reach high altitudes, 
but in Rohe 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 (G0HRN 1956). The light requirements of the 
species vary somewhat. The species has high light requirements in the Alps, and is a 
weak competitor, but th e Sudetian larch seems lo be less demanding. At any rate, the 
open birch forest of zone W 3 must have suited the species well. 

Shad e tolerant h e rbaceous plant s. Plants of this type became rather frequent 
in zone W 3. A number of rather thermophilous species are represented. 

Filipendu/a cf. u/maria pollen is quite frequ ent in the zone. The pollen frequ encies 
decrease sl ightly in the subzones b and d (sec plate XV). The species is rare and 
usually sterile in the low alpine zone lo-day (NORDHAGEN 1943, SELANDER 1950, 
KILANDER 1955). Pollen referred lo the species was common in Denmark in the 
AlJernd and in the Pre-Boreal, but was rare in the cold Younger Dryas (IvERSEN 1954). 

Other rather thermophilous herbs identified from pollen grains are Urtica dioica, 
the pollen of which is common in most of the zone, Fragaria (subzone a) and Solanum 
dulcamara (subzoncs a and c). IVERSEN (1954) mentions the occurrence of the latter 
species from the Aller0d Interstadial, and emphasizes its importance as an indicator of 
a rather high summer temperature (14 °C in July). 

Pleridium 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 al the West coast of Norway. The 
distribution of the species is rather similar to that of A/nus glulinosa, and ii does not 
reach the upper coniferous forest limit in the Scandinavian mountains. The altitudinal 
limit of the species in the Alps is similar lo that of Cory/us avellana (maximum at 
1800 m.). 

Finally, the find s of pollen referred to Mercurio/is perennis arc lo 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 south ern 
to-day. Its northern l imit touches southernmost Finland, Middle Sweden and southern 
Norway (corresponding to the 15- 16°C July isoth erm), but the species has a few 
peculiarly isolated outposts in Western Norway (cp. FRGRI 1960). In the Alps, the 
species ascends lo about the same altitude as Pleridium aquilinum. A few polJen grains 
are recorded from zone W 2 (secondary?, sec p . 89). The find from subzone W 3 a 
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at Brorup Hotel Bog may not be quite reliable, but the find from subzon e e is un­
doubtedly primary. 

P l an ts l'rom open h abi t a ts. The abund ance of herb pollen in zone vV 3 illustrates 
that the forest remained open. The pollen of several herbaceo us plants, which were 
prominent in zo ne W 2, remained rather co mmon in this zone (Gramineae, Cyperaceae, 
Rume:r acelosella type, Galium type, Tubuli/lorae, Liguli/lorae, Arlemisia, Plan/ago 
marilima and Campanula, sec also gro up I on plate XV). Their frequencies decrease as 
a rule during th e zone, and th ey are especially low in the subzones c and e, presumably 
because the forest was more dense in these subzoncs. A few light-demanding plants 
became more common in zone vV 3 (e. g. Thaliclrum, Chenopodiaceae, Sanguisorba 
of(icinalis, Al/ium cf. sclwenoprasum, see group II on plate XV). 

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

Allium cf. schoenoprasum (abde) 
Armeria marilima (de) 
Artemisia (abcde) 
Astragalus alpinus (bd) 

campestris type (a) 
frigidu s ( d) 

Butrychium cf. /unaria (abde) 
Bupleurum (d) 
Campanula (abde) 
Chenopodiaceae (abcd) 
Dianlhus (b) 

*Ephedra dislachya (adc) 
*Ephedra cf. slrobilacea (a) 
Genliana amarellu type (d) 
Gypsophi/a (c) 

Helianfhemum oe/andicum type (ab) 
*Hippophae rlwmnoides (ab) 
*Ophioglossum vulgalllm (abd) 
Parnassia pa/ustris (bd) 
Plan/ago maritima (abcde) 

media (abcd) 
Polygonum aviculare type (ac) 

convolvu/11s type (a) 
persicaria type ( d) 

Rosa (a) 
Sanguisorba of(icinalis (abcdc) 
Thaliclrum (abcde) 

'''Trifolium alpeslre (a) 
Trifoliwn arvense (a) 

'''cL Vaccaria pyramidala (d) 

32 plants from this category arc represented. Compared with th e co rres ponding 
figure for zone W 2 (45) it may be seen th at the total number of such plants has de­
creased somew hat. The occurrence of heliophilous plants within th e zone will appear 
from curve A on Plate XV. It can be seen that the numbers found in the subzones c 
and e arc lowest, presumably due to shade. 

T he plants marked with asterisks are not represented above the forest zone in Europe 
to-day. Their occurrence in zone vV 3 is not surprising. The Bislorla pollen probably 
represents Polygonum bislorla 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 Betu/a forest of zone Vv 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 c 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 nalans (abcde) 
Lit/ore/la uni/Tora (b) 
Lobelia dorlmanna (acd) 
Lysimachia lhyrsiflora (acd) 

Nuphar lutewn (abc) 
Typha lalifolia (de) 
Valeriana dioica (b) 

The pollen of Elisma nalans is rather frequent at Brorup Hotel Bog. One pollen grain 
occurred in subzonc a at Heming, a nd th e species is represented al Norbolling (sub-
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zone e) too. Elisma nalans 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 
localilies near Oslo in Norway, and it was discovered recently at one locality in SW. 
Varmland in Sweden (HYLANDER 1953). GLucK (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 cullivated 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 lalifolia 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 BIRGER 1904) . Lobelia dorlmanna, Lillorel/a 
uniflora and Nllphar luleum belong to SAMUELSSON's Laplandish group, the species of 
which do not exceed the 14°C July isotherm. None of the species mentioned are basi­
philous. Nuphar luleum does not reach the upper Picea forest limit in the Alps. 

Pollen referred to Lysimachia lhyrsiflora was quite common at Brorup Hotel Bog. 
The northern and altitudinal limits of the species in Scandinavia are similar to those 
of Nuphar luleum. 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 thcrmophilous 
(cp. F£GRI 1960). The species ascends to 1800 m . in the Alps. 

It may be seen that th e vegetation in zone W 3 appears to be distinctly th ermophilous. 
The subzones a, c and e appear to be th e most favourable ones. The forests of 

Betula pubescens were rather dense, but not strongly shading. According lo IVERSEN 
(1954) the very similar birch forests from the Allerod Interstadial indicate that th e 
July temperature was at least 12°C. The common occurrence of Filipendllla cf. LI/maria 
is also significant (cp. IVERSEN l . c.). 

From subzone a the finds referred to Prunus cf. padus, Fragaria and Solanwn dul­
camara arc worth mentioning. Among th e local plants the occurrences of Elisma nalans, 
Lysimachia lhyrsiflora, Nuphar luleum and Lobe/ia dorlmanna should be mentioned . 
A rather high summer temperature is indicated. 

From subzone c we may mention the finds referred to Prum1s cf. padus, Rubus idaeus, 
So/anum du/camara, Elisma nalans, 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 x ylosteum, 
Rubus idaeus, Pteridillm, Mercurialis perennis, Elisma nalans, Lysimachia thyrsiflora 
and Typha latifo/ia . 

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 th e forest became more open. Populus and Filipendula decreased in 
these subzones, and even the Juniperus curve is depressed somewhat in subzone d. 

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

Indications of the winter temperature are few. The occurrence of Larix and Lonicera 
x ylosteum may suggest that the climate was not strongly oceanic. Several atlanlic species 
are represented in the fl ora of aquatic plants (Isoeles echinospora, I . lacuslris, Elisma 
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nalans, Myriophyl/um allerniflorum, Lillorella uni/Tora, Lobelia dorlmanna). However, 
their value as indicators of winter temperature may be questioned (p. 83). 

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

Limnophytes (/soeles echinospora, I. lacuslris, Polamogelon) were common at Brnrup 
Hotel Bog al the end of zone W 2 (see the pollen diagram on plate VI). Their values 
decrease strongly at th e tra nsition to zone V17 3 corresponding lo a drying out of th e 
lake, and they reach anoth er maximum in subzone b . The Limnophyles disappear in 
subzone c, but their curve reaches another maximum in the course of subzone d , 
refl ecting another rise of the water level. The curve for Typha-Sparganium is similar, 
iL r epresents probably Sparganium minimum, another Limnophyle. The curve for 
Po/ygonum amphibium, an Amphiphylc, is also similar lo llrnt for the Limnophyles. 

The curve for Elisma nalans is similar to that for the Telmatophyles, suggesting that 
the species was associated with these plants. The species flowers and fruit s well on dry 
ground , but th en its vegetative parts become reduced (GLuc1< 1905). 

The curve for th e Telmatophyles (Lysimachia lhyrsiflora, Menyanlhes lrifoliala, 
Callha paluslris) rises in subzone a. The species m entioned apparenlly colonized th e 
lake bollom as the lake dried out. The curve for Umbelliferae has a similar course. 
The generic or specifi c identity of the pollen is unknown, but il is sugges ted tha t it 
represents an Amphiphyte or a T clmalophyte from th a t family. 

In subzone c the lake was overgrown by another community of bog plants especially 
Cyperaceae (presumably Carex roslrala 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 al Brorup Hotel Bog in zone W 3 contained thus 3 lelmatic 
stages (in the subzones a, c and e) and two aquatic stages (in the subzones b and cl) . 

A simila r developmen t took place at H eming. Limnophytes (mainly Po/amogelon , 
Myriophyllum allerniflorwn, Jsoeles echinospora, I . lacuslris), Rammwlus spp . and 
Typha-Sparganium show a minimum al the middle of subzone a. The values for 
Cyperaceae and Telmalophyles (Ca /Iha pa/uslris and Menyanlhes lrifoliala) increase at 
th e same level. The succession indicates th a t the water level was low in subzone a, 
and lhal il rose again a t th e transition lo subzone b. Limnophyles (Polamogelon , Myrio­
phyllum, Isoetes a . o.) were also common in subzone cl . 

The local developments thus give detailed information about changes in water level. 
The water level al both sites was apparenlly lowered at th e transi tion lo zone \V 3, 
and it remained rather low during the zone. The water level rose slighlly in the sub­
zones b and d. H ence, the rises in the water level correspond lo the minima in the 
Belula curve. These water level ch anges were presumably related to changes in the 
summer temperature (see chapter VI). 

Precipitation. 

Information about the precipitation in zone W 3 is scarce. It m ay be m entioned that 
the lowerings of the water level in the lakes suggest that evaporation was higher and 
the climate in general drier th an in zone W 2. The climate probably became slighlly 
more moist in the subzoncs b and d. The decline in Belula in these subzones cannot 
have been clue to increased dryness, and it seems quit e certain that the precipitation 
was ample for the growth of trees. 

7* 



100 

Soil. 

Zone W 3 is characterized by consolidation and an initia tion of humus development. 
The openness of th e Betula pubescens and Populus lrenwla fo res ts was presumably due 
to the fact that more shading trees and shrubs had not immigrated yet. 

Many of th e plants which were rep resented commonly in zone W 3 characterize 
slightly acid or neut ral forest soil to-day. Similar communities rich in tall herbs may 
be found in subalpine or subarctic birch woods (cp. NoRDIIAGEN 1927, 1943, J<on­
LAINEN 1928, KALELA 1939, M0 LHOLM H ANSEN 1930), in stabilized river alluvia (sec 
e. g. CAJANDER 1909, HEGEL 1936, I<LrnA 1936, MEUSEL 1940, VOLK 1940, Sc11R ETZEN­
MAYER 1950, W ENDELDERG ER-ZELINl(A 1952) or in similar situations near mountain 
slides (cp. LOu11921 , 1945, J ENNY-LIPS 1929, A1CHINGER 1951). Such plants represented 
in zone V\7 3 arc Fi/ipendula (cf. 11/maria), Rumex ace/osa, Bis/or/a, Geum, Rub11s saxalilis, 
Prunus cf. pad11s (see group II on plate XV), Rubus arcliws, Solanum dulcamara, 
Fragaria (cf. vesca), Polemoni11m coeru/eum, Lonicera x ylosleum. Nitratophilous species 
represented are Chenopodiaceae, Urlica dioica (plate XV), Rubus idaeus and Chamae­
nerium angustifolium. Mercurialis perennis presumably belonged here. According to 
Mul(ERJI (1936) the species has rather high requirements as to humus co ntent but it 
requires at the same time basic or only slightly acid soil. J EN 'Y-LI PS (I. c.) found the 
species on calcareous screes together with pioneer plants (e. g. Gypsophila repens, 
Teucrium monlanum, Anlhyllis vulneraria, Cynanchum vinceloxicum). 

Spores referred to The/ypleris dryopleris appeared quite early and poJlen and spores 
of Melampyrum and Lycopodium clavalum became common during th e zone (see 
group II on plate XV). Frangula alnus and Pteridium aquilinum appeared in the sub­
zones d- e (sec group III, on plate XV). AH th ese plants are acidophilous to-day. Their 
representation here agrees with th e presence of primary poJlen of Cal/una and Em­
pelrum in the subzones c- e. 

As mentioned on p. 97, heliophyles were still rather common, and open habitats 
apparently remained common. F inds of plants, wh ich indicate neutral-basic soil s. 
are listed below : 

As/raga/us alpinus (bd) 
campeslris type (a) 
frigidus ( d) 

Ephedra dislachya (ade) 
cf. slrobilacea (a) 

Gypsophi/a (c) 
Helianlhemum oe/andicum type (ab) 
Hippophae rhamnoides (ah) 

Lonicera x ylosleum (e) 
Mercurialis perennis (a?, e) 
Ophioglossum vulgalum (abd) 
Parnassia pa/uslris (bd) 
Plan/ago media (abcd ) 
Sanguisorba officinalis (abcdc) 
Trifolium alpeslre (a) 

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

Local plan l s. The community of aquatic plants found in th e small lake al Brorup 
Hotel Bog al th e encl of zone \ V 2 suggests th at the Ja ke water was neutral or perhaps 
somewhat acid , as Myriophyl/um allerniflorum and M. spicalum had disappeared 
(p. 94). 

In subzon c a the lake bottom was overgrown by E lisma nalans, Lysimachia lhyrsi­
flora and Menyanlhes lrifoliala, and Lobe/ia dorlmanna is also represented. Elisma 
nalans is described as acidophilous by som e a uthors (CLAPHAM et al. 1952, MEIJ ER and 
DE WIT 1955), but the species may occur in eutrophous water in W estern Jutland 
(BAAG0E and HAYN 1896, SAMUELSSON 1934, K0rn 1944). Hence, this community also 
appears lo be neutrophilous or perhaps somewhat acidophilous. 
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Myriophyl/um allernifT.orwn remained rare in subzone b, and the other plants re­
presented there (/soeles echinospora, i . lacuslris, Polamogelon nalans, Sparganium 
minimum, Nuphar lulmm, Polygonum amphibium, Lillorella unifT.ora, E/isma nalans, 
Lysimachia lhyrsifT.ora, Menyanlhes lrifoliata and Ca/Iha paluslris) indicate that the 
lake water probably was circum-neutral or slightly acid. 

The communities of swamp plants from subzon e c and e appear to be somewhat 
acidophilous. They consisted apparently mainly of Cyperaceae (Carex ros/rala and 
C. /asiocarpa), Sphagnum, Menyanlhes lrifoliala, Callha paluslris and Rllbus chamae­
morus. Some of these species do not occur in pure raised bog communities to-day 
(e. g. Carex roslrala, C. lasiocarpa, Cal/ha, Menyanlhes), but, on the other hand , no 
species characteristic of rich fen vegetation lo-clay are represented ( cp. DU RIETZ 
1954, SJORS 1950, MALMER and SJORS 1955). 

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

The community of aquatic plants found at Heming at the encl of zone vV 2 consisted 
mainly of Myriophyllllm allernifT.orum, M. spicahzm, Polamogelon, Ranllnculus spp., 
Typha-Sparganium and Hippuris vulgaris. The frequencies for the pollen referred to 
the Myriophyllllm species, Hippllris and RanL1nculus spp. decrease at the transition to 
zone W 3, and th e frequencies for Jsoeles echinospora, i. lacuslris and Polygonum 
amphibillm increase. This succession suggests that the lake became acid. Other local 
species represented in zone V\f 3 are Ca/llw pa/uslris, Lysimachia thyrsiflora, Menyan/hes 
Lrifoliala, Lobelia dortmanna, Elisma nalans and Callilriche sp. This flora is quite 
similar to the one, which occurred at Brorup Hotel Bog. 

Il appears that the lakes became acid in zone \V 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 
Brnrup is lelrnalic 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 rebeclcled pollen . At Norbolling the sediment is lacuslrine 
(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. 7 5). 

Temperature. 

Trees and s hrub s. The frequencies for Carpinus, Quercus, Fraxinus, Cory/us and 
Alnus increase slightly (see the pollen diagram from BP 2 al 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, il seems to be suggested that 
they had immigrated to an area closer lo the sites. 

The upland forest apparently consisted mainly of Be!L1la pllbescens, Pinus (silveslris), 
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 vV 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 silvalica, 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 xy/osteum (p . 96), Erica tetra/ix 
and Myrica gale appear to be rather thermophilous to-day. Erica tetra/ix does not 
usually extend beyond the July isotherm for 15°C in Scandinavia. In the most ocean ic 
part of Norway the species may occur above the coniferous forest limit, and in areas 
wi th a July temperature down to 12°C (see FJEGRI 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 Vv 3, decrease in frequency, or disappear (e. g. Sa/ix, Rumex acelosel/a (type) , 
Artemisia, Populus, Chenopodiaceae, Junipems, 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 (Plan/ago media, P. marilima, Jasione). Cal/una 
became increasingly common. 

Shade tol eran t h erbs identified from polJen and spores are Filipendula cf. 
ulmaria, Urtica dioica, Thelypleris dryopleris, Pleridium aquilinum, Linnaea borea/is, 
Symphylum and Mercurialis perennis . The four species mentioned first were apparently 
rather common (sec th e curves on plate XV). Pleridium aquilium and Mercuria/is 
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 cullure, and the northern and western limits 
of their spontaneous distribution areas cannot be determined. S. officinale is rath er 
southern in Scandinavia, but the species may ascend to the Picea zone in th e Alps. 

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

It seems obvious that the summer temperature in zone \V 4 was just as favourable 
as th at of subzone e in zone vV 3. A rise of temperature in zone v,r 4 is not indicated . 

The finds of Erica tetra/ix suggest that the winters were rather mild (see GRANLUND 
1925, F JEGRI 1958). Such a conclusion may seem to be contradic ted 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 al 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 zo ne W 4 may indicate a rather humid climate, as 
the species requires moisture and is susceptible to summer drought to-day (OPPER­
MANN 1922, RUBN ER 1934). Also the finds of Erica tetra/ix and Myrica gale suggest 
that the climate was rather humid (cp. lfoTILAINEN 1933, FIEGRI 1958, 1960). 
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Soil. 

The pollen diagram from Norbolling indicates increasing abundance of the pollen 
a nd spores referred to acidophilous species, especially Frangu/a a/nus, Calluna vulgaris, 
and Sphagnum. Spores of Pleridium aquilinum and Thelypleris dryopleris were also 
rather frequent (cp. plate XV), a nd pollen grains a nd spores referred to the acido­
philous Empelrum nigrum, Erica le/ralix, Myrica gale, Linnaea borealis , Lycopodium 
annolinum, L. clcwalum and Melampyrum occur. It seems th a t an acid humus layer 
beca me increasingly widespread, in cont inuation of the de,·clopmenl initiated in 
zone \7\/ 3. 

Finds r eferred to neutro-basiphilous species arc correspondingly rare (Lon icera 
:rylosleum, Mercurialis perennis, Sanguisorba officinalis, Plan/ago media). The pollen of 
Fi/ipendula cf. ulmaria and Urlica dioica, both of which are rather requiring, remained 
quite common, however (sec plate XV). Symphy/um is of a similar type to-day. The 
species mentioned on p . 102 occur in Lall herb communities e. g. on consolidated riYer 
alluvia to-day (KLIKA 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 moslly on limestone to-day, and the species is accompanied by a great number 
of neutro-basiphilous species (Lonicera x ylosleum is very common, i. a. , see FcKAREK 
1950) . Ho,Yever, the flora s reco rd ed together with Picea omoricoides at Liineburg and 
a l Aue (p. 126) include acidophilous species. 

The local succession a t Brorup Hotel Bog was described on p. 60. The hydrosere 
from a wet lelmatic stage to a rather wet Frangula-Cal/una-Sphagnum community, 
and to a Picea fores t stage with Pinus, Belula , Frangula, Ca /lune, , Empelrum, and Rubus 
chamaemorus suggests increased dryness and acidity . 

The local aquatic community a t Norbolling was apparently dominated by l soeles 
echinospora and I. lacuslris. Oth er plants identified are Nuphar luleum, Polygonum 
amphibium, Typha lalifo/ia, Menyanlhcs trifoliala and Drosera. It appears that th e lake 
was neutral or somewhat acid a t th a t time. Finds referred to ncutro-basiphilous species 
(Myriophyl/um a/lemiflorum, M. spicalum and M . verlicillalum) arc very r a re. They 
are res tricted to th e lowermost sample, and the pollen is presumahly seco ndary (p. 75) . 

ZONE W 5 

Sediments. 

Peat resembling raised bog peat formed at Brorup Hotel Bog, but the sediment at 
Norbolling 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 al Norbolling. 
The record is truncated upwards at both sites. 

Temperature. 

There arc no definite indi cations of temperature changes at the tra nsition to the zone. 
T he values for the pollen of Carpinus, Quercus, Ulmus, Fra.rinus, Cory/us and Alnus 

decrease a lillle, and a slight temperature decrease may be suggested. The frequencies 
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for th ese plants decrease to a minimum in subzone b, which may indicate a cooler 
climate for a short interval. 

The arboreal Jlora remained rather unchanged in subzone a. Pinlls poll en domin ate · 
and the values for Belllla and Picea decrease somewhat. The forest was probably 
rather dense, and pla nts such as J1.1niperus, Gramineae, Cyperaceae, Rllmex acelosel/a 
(type), Arlemisia and Thelypleris dryopleris were appa rently rare. Pollen and spores 
of Frangllla alnllS, Cal/Lina vulgaris, and P/eridiwn aquilinum were rather common, 
(see especially th e pollen diagram from Norholling, and plate XV). 

The values for Pinus arc somewhat higher al Brorup (about 60%) than at Norbolling 
( 40- 50 % ). It is suggested that some of th e Pinus polJcn from the peal deposit al Brorup 
was produced by individuals, which grew on the bog itself. 

The curves in th e pollen diagram from Brorup change rather suddenly in subzone b 
(minima for PinllS, Picea, Larix and Cal/Lina , maxima for Betula (cf. pllbescens, cp. 
p. 38), Frangllla, Jw1iperns , Sa /ix, Gramineae, Cyperaceae, Rllmex acelosella type). 
These changes cannot have resulted from a decrease in temperature directly, as e. g. 
Frangllla is more southern than PinllS lo-day (p. 95). It seems lo be more likely that 
th e bog became too wet for local populations of PinllS si/veslris and other local plants 
for a short time, and that the overrepresen lalion of Pinlls, Picea etc. in th e pollen 
spectra was reduced . The pollen spectra from subzone b probably ofTer a rather good 
picture of the general vegetation which apparen lly consisted of Pinlls-Beillla forest 
with some representation of Picea, shrubs (FrangL1 /a alnlls, Ca l/Lina Vll igaris, Juniperus 
commL1nis) and herbaceous plants (Gram ineae, Cyperaceae, R. acelosa, Thelypleris 
dryop/eris, Fi/ipendllla cf. lllnwria, Urtica dioica, Pleridillm aqllilinllm and Merwrialis 
perennis). A few plants typical of open habitats were represented (Ephedra cf. slrobilacea, 
Rllmex ace/osella (type), Arlemisia, Plan/ago marilima, P . media, Chenopodiaceae, 
Thaliclrum , Sanguisorba officinalis, Lotus). 

It may be concluded that the climate was rath er uniform in zone \V 5. The summer 
temperature was rather high, as indica ted by the occurrence of lhermophiJous species 
(Frangula alnlls, Myrica gale (subzone a), Erica tetra/ix (subzone a), Pleridium aqllilinum 
(subzones a and c), MercL1rialis perennis (subzo nc b)). The summer temperature 
decreased probably slightly in subzone b . 

The winter temperature also appears to have been similar to th at of zone W 4. 

Soil and Precipitation. 

The pollen diagram from Norbolling indicates increasing frequency of pollen referred 
to Frangllla alnlls, Cal/Lina vlllgaris and other plants, which a re acidophilous to-day. 
It is suggested that acid humus accumulated and acidophilous vegetation expanded. 
The increase in the frequency of Pinlls was probably also due lo such a change. The 
frequenci es of Picea, Fi/ipendllla and Urlica dioica decrease somewhat, and finds 
referred to neutro-basiphilous species are rare (e. g. Ephedra cf. slrobilacea, Merwrialis 
perennis, Sangllisorba officinalis, Plan/ago m edia ). These features were presumably due 
to increased soil leaching and development of an acid humus layer. 

The local vegetation at llrorup Hotel Bog developed into a Callllna-Eriophorum 
vagina/Lim- Sphagnum community. RubL1s chamaemorus and rhizopods were common. 
It seems th at the bog had reached a stage which resembled a r aised bog, and the centre 
of the bog was appa rently rather wet. The moss Drepanocladlls exannL1/a/L1s (G iimb.) 
Warnsl. probably belonged lo such a community. The species is neutro-acidophilous 
and may occur in Sphagnllm bogs according lo S0RENSEN (1948). Pinus silveslris may 
have grown in cert ain parts of the small bog. A few fully illuminated individuals might 
have produced suffi cient pollen to account for th e overrepresenl alion of the species 
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in the pollen analyses. The pollen of Picea and Frangula alnus becomes somewh at 
rarer than in zone \V 4. The bog had a ppa rently become too poor for them . Pollen 
refer red to Arcloslaphylos uva-ursi was found a t the transition to the zone. It probably 
indica tes 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 
vegeta tion. 

It m ay be concluded that the d evelop ment of bog vegeta tion at Brorup Hotel Bog 
in zone Vv 5 was a part of a local succession, and th a t th e pea t beca me increasingly 
poor and acid . 

The re-immigration history of the forest trees in the zones W 3- W 5 is ra th er r emark­
able. Belula pubescens a nd PopL1/L1s lremu/a reacted quite readily lo the temperature 
rise, a nd th ese trees were common from the beginning of zone \¥ 3. Larix immigrated 
in a late part of zone \\" 3, and Pinus and Picea in zone vV 4. II is suggested that the 
summer temperature in zo ne \\- 3 was sufficiently high for these trees, a nd as th e 
Belli/a forests were quite open, competition can hardly h ave delayed th e immigration 
of Pinlls, Picea and Lari:r. The soil can h ardly have been unfavourable in zo ne \V 3 
for th e trees mentioned , especially not for Pinus and Larix, and it appears that Pinus, 
Picea a nd Larix were a bsen t rather beca use of incomplete immigration . These trees 
were probably found at a co nsidera ble distance to the south during th e cold zone 
\l\7 2, whil st Belula pubescens a nd Populus /remula su rvi,·ed nearer, or th ey migrated 
faster. 

It is also suggested th a t .4/nus glulinosa and probably also Querws robur, Tilia cordala , 
U/mus glabra and Cory/us ave/lana might h ave found favourable conditions during the 
zones W 3- \V 5. Pollen of Querws, Ulmus, Alnus and Cory/us occurs, but there is 
reason lo believe that this pollen was due lo long distance wind transport, and tha t the 
plants themselves were absent from th e area. These th ermophilous trees and shrubs 
survived probably zone \V 2 at a considerable distance to th e south , and th ey apparently 
migrated quite slowly. Therrnophilous terres trial herbs a nd aqua tic plants already 
occurred a t an early part of zone \V 3. The great migration speed of such plants is 
known from parallel cases (sec i. a. IVERSEN 1954, SHODON 1954, J ESSEN, ANDERSEN 
and FARRINGTON 1959). 

A very similar case of delayed immigration of forest trees occurred in the Allerod 
Interstadial. Forests of Belula pubescens (s. sir.) prevailed in Denmark at that time 
(IVERSEN 1954). Pinus silveslris occurred in Holland and North Germany, but this 
species was ra re or absent from most of Denmark. According to IVERSEN (I. c.) th e 
slow progress of the species was hardly due to the climate, and IvEHSEN 's results (l. c.) 
suggest th at more th crmophilous trees and shrubs (.4 /nus, Cory/us, Ti/ia cordata) also 
were absent from North and Central Europe due to a slow immigration rather th a n to 
the clim ate (cp . also FmnAs 1949). 

ZONE w X 

The upper limit of the peal from zo ne \¥ 5 at Brorup H otel Bog giYes evidence of 
erosion (cp. p. 61), and an interval of unknown length elapsed before the sandy clay 
layer (D) was deposited. However, th a t interval was presumably not very long. 

The probable composition of the vegetation a t th e time when layer D was deposited 
is discussed on p. 61. The vegetation seems lo have been unforested and the climate 
must have been considera bly colder th a n that of zo ne \V 5. The com mon occurrence 
of Filipendula and Li/lore/la uniflora indica tes th at th e climate was probably subarctic. 

Juniperus, Sa/ix and herbs seem lo have been common, and several plants from 
open habitats are represented (Ephedra c f. dislachya, Rwnex acetosella type, Arlemisia, 
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Plan/ago marilima, P. media. Thalictrum , Sanguisorba officinalis, Armeria marilima, 
Campanula type). Several of these plants are basiphilous (Ephedra, Planlago media, 
Sanguisorba) . 

The topmost deposits a l Br0rup H otel Bog conta in evid ence of solifluction (cp. 
p . 61) . They were apparently fo rmed in a cold period . 

T HE F L ORA LIST 

Higher plants identifi ed either from m acrofossils, or pollen and spores from the 
zones W 1- W 5 arc listed in table 23. 194 taxa of various ranks are listed. 180 taxa 
were identi fied to genus, species group or species, but 44 of these are represented only 
by rebeddcd rem ains or pollen considered to be du e lo long distance transport by wind . 
The corresponding figures for species identified with a reaso nable certa inty are 145 
and 40. 56 of the species identifications rely m ainly on macrofossils, m a inly from the 
inves tiga tion of J &M (1928). The dating of the rema ins with in th e pollen zones W 1-
W 5 was discussed in chapter IV. The m acrofoss ils identified by J &M (I. c.) have 
only been li sted if they could be da ted with some ce rtainty. 

The list of identifications has been compared with th e list of rem a ins of higher 
pl ants from th e Danish L ate-Glacial published by IvERSEN (1954) . It should be re­
m embered th a t th e chances for preservation and identification of the species vary 
considerably, and the m aterial is too helerogenous for comparison on a n exact basis. 
It may be seen from th e list that 88 of the 136 genera, species groups or species considered 
lo b e primary re-appear in the list of L a te-Glacial find s. 4 plants not represented in 
the list of Late-Glacial finds (larix, Picea abies, P. omoricoides, Symphytum sp .) did not 
reach Denmark after th e \Vcichselian Glacial. 2 species (lonicera x ylosleum, Mercuri­
alis perennis) are ra th er southern lo-day, and may not have found suffi ciently high 
temperatures during th e Late-Glacial. 16 acid ophilous species are missing from the 
Late-Glacial list. This may be und erstood if it is considered that heath and bog vegeta­
tion occurred widely in th e zones Vv 1 and W 4- 5. As IvERSEN (I. c.) pointed out, the 
boulder clays left from th e last glaci ation in Denmark were not subj ected to severe 
leaching during th e La te-Glacial, and acid soils were of limited occurrence. Only 3 
of the finds of neutro-basiphilous plants (linum austriacum type, Teucrium monlanum, 
Trifolium alpeslre) are absent from the Lale-Glacial list, whilst the Late-Glacial Jlo ra 
(see IvERSEN I. c.) contained a number of basiphilous species, which are not represented 
in the present material with primary finds (i. a . Dryas oclopetala, Helianlhemum num­
mularium, Sa/ix polaris, S. reliwlala, Sax ifraga aizoides, S. hirwlus, S. opposilifolia, 
Si/ene acaulis, a nd the aquatics Ceralophyllum demerswn, Myriophyllum verlicillalum, 
Polamogelon filiformis). This suggests that the mineral soil produced by th e solilluction 
in zone vV 2 m ay have b een poorer in lime than the raw boulder clays from th e Late­
Glacial. This is also suggested by the fact that lsoeles echinospora, f . lacuslris and Myrio­
phy/lum allerniflorum were rather common in the lakes from th e zones \V 1- 3, and 
only one basiphilous species (Myriophyllum spica/um) was represented. During the 
Late-Glacial the lsoetes species and Myriophyllum allerniflorum did not occur, or they 
were exceedingly rare in the lakes from the glacia ted part of Denmark, due to com­
petition from more d ema nding and rapidly growing aqu atic plants. 

50 genera or species of heliophyles and plants from open habita ts were identified in 
the present material . 40 of these plants re-a ppea r in the Late-Glacial list. This suggests 
that the pioneer flora s from the early and the lat e W eichselian Glacial were alike. Their 
relationship to present-d ay vegetation types on unstable soils was pointed out by 
IVERSEN (I. c.) and above (p . 92). Truly a rclic-alpine species were rare, as in the 
Late-Glacial. 
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** · r eliable 

PTERIDOPHYTA 
(Azo/laceae) 

(Azo lla filiculoides Lam.) ... 
Jsoi! laceae 

Jsoeles echinospora ... ... .. 
lacus lris .. . . . .... . . . 

Lycopodiaceae 
Lycopodium a/pinum-comp/analu111 .. 

annolinum 
clcwatum .. 
comp/ana lu111 ss p. cham. 
inunclalwn 
selago 

Ophiog/ossaceae 
Botruchium lunaria. 
Ophioglossum vu/galwn 

(Osmundaceae) 
(Osmuncla cf. cinnamomea L.) .. . . . . . . . . 

( regalis). 
Po/ypodiaceae 

Polypodium vulgare. 
Ptericlium aqui/inum ........ , ... 
Thelypleris clryopleris . . .... . . .. . . . . . . . 

pa/us Iris type. .. . . . ..... . .. 
Sl'iaginellaceae 

Selaginel/a se/aginoicles . 

GYYl '.'IOSPER:\1AE 
Cupressaceae 

Juniperus communis .... . . . . . . . . . . . . . . 
Ephedraceae 

Epheclra dislachya L. ... . 
cf. slrobilacea Bunge ... 

Pinuceae 
\\' Abies alba ... . . . . . . . . . . . . . 

Larix sp . .... .. ....... 
Picea abies . . ......... ........... . ... 

omoricoicles \Ve be r .. . . . .. .. . . . .. 
Pinus silves lris . .. .. . . . . . . . . . . . . . ... 

Taxaceae 
w Ta:ws baccala. .. . .. . . . . .. 

ANGIOS PER \'IAE 
(Aceraceae) 

(Acer campes lre) .. . ... . . . . . . . .. . . . .. . 

•• 
•• 
** 

•• 
•• 

•• 
•• 

• 
• 

• 

• 

* 

•• 
• 
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Table 23. Flora list. 
Flora lisle. 

"' "' ,...._ .:: "' B: Brorup Hotel Bog ~ 
tj< 

"" LC) 
0. OD R: Rodebrek I 0, 

"' oi .... H: Heming. ,... OD z 
0 OD N: Norbolling "' c::; "' "' ,... "' + : certainly primary find C: .... 0 . 0 "' "';:! 0. + : probably primary find > 

"O "' "' ( + ): probably secondary find ::::, 
"'"' 5 Q) Q) 

[+] : certainly secondary find "' "' > "'C: ·u ,,,- "' Q) Q) 
..... C) j\,., ....... ~ 
"§ ~ && 

I I I 

c.:, 
t...; 'CO oo Wl W2 W3 W4 \,\' 5 i: c;.; ~ ~ Q. B R H B R H B H B N B ~ "' ...J 

s [+ ] 

+ + + + + + + + .. + .. + 
s + + + + + + + + 
s -f + + + + 
s + + + + + + + + + 
s + + (+ ) (+ ) (+ ) + + + + + 

s (+ ) (+ ) + 
+ 

+ -I + + + + + 

s + + + + + + 
+ + + + + + + 

s [+ ] .. [+ ] [+ ] 

I 
s [+ ] [+ ] [+] [+] (+ ) (+ ) 

s + + + + + + + 
(+ ) (+ ) [+ ] [+ ] (+ ] [+ ) + + + + + 

I 
.. 

s + + + [+ ) + + + + + + 
s + (+ ) [+ ] [+ ) [+ ] [+ ) + [+ ] + I- + + 

s + + + + 

f veg') p + + + + + + + + + + + + + 

p + + + + + + 
p + + + ' 

T 2) 

p + [+ ) + 
Yeg p + + + + + 
veg') p + + + [+ ) [+ ] [+) + + + + + 

p + + + + I 

Yeg 1) p + + + + + + + (+ ) + + + + + 

p [+) [+ ) [+) + (+ ) + 

p . . [+ ) [+ ) 
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I 
w 1 

I 
W2 W3 W4 W5 

B H H B H H B H B N B l\ 

(Aqui{oliaceae) 
( llex aq11i{oli11m) . ..... . . . . . . . . . . . . . . . p (+ ) [+ ] [+ ) [+ ) [+ ) [+ ) [+ ) [+ ) (+ ) .. 

A/ismaceae 
E lisma nalans . . ..... .. ...... . ... . ... ** p + + + 

(Ara liaceae) 
( H edera helix). . . . . . . . . . . . . . . . . . . . . . . p [+ ) .. [+ ) 

(/Ja lsaminaceae) 
(Impa tiens sp.) . . . . . . . . . . . . . . . . . . . . p .. [+ ) 

Betulaceae 
\V Alnus g/11 /inosa ..... . ........•. . .. ** f') p + [+ ) + [+ ] [-+ ] [+ ] + [+ ] + + + + 

Belula nano . ....... . ................ ** ( veg 1) p + + + + + + + + + + 
pubescens . . . . . .. .. . . . . . . ...... ** f p + + + + + + + + + + + + 

Boraginaceae 
cf. Lilhospernmm aruense . ... . ........ . p + 
Symphylum sp .............. . . . . . . . . . p + 

(Buxaceae) 
(Buxus semperuirens) . .. ..... . . . . . . . . . p [+ ] [+ ] 

Ca llilrichaceae 
Callil riche sp. . . .. . .. .. . . . ... .. .. . .. . p + + + + 

Campanulaceae 
Campanu/a sp. . .. . . .. ... . . ........ p + + + + + + + + 
Jasione monlana. ............. . .... . . p + + + 

Capri{oliaceae 
Linnaea borealis . . . . . . . . . . p + 
(Lon icera periclymenum) . . . . . . . . . . . . * p [+ ] 

:rylos teum . . ... . ............ * p + + 
(Sambucus nigra) ....... . .. . ......... ** P) [+ ] 
( Viburn um opu/us) ........... . . . ..... p .. (+ ] 

Caryophy llaceae 
Dianlhus sp. ........ . ... . . . . . . . . . . . . p + 
Gypsophila sp . . .. . • .... . . ......... . .. p + + + + 
. \1/elandrium sp .. .. . . . . ... .. . . . .. . .... p + 
Sagina nodosa . .................. . .. . * p + 
Scleran lhus perennis . . ... . . . . . .. . .. ... ** f') p + 
(S tellaria holoslea) ......... . . . . . . .. .. ** p (-+ ) [+ ] [+ ] (+ ) [+ ) 
cf. Vaccar ia pyramida lc1. . . .. . ...... . .. p + 
Viscaria sp . ..... . ................... p + + 

(Cera loph y llaceae) 
(Cera lophyl/11m demersum) . .......•... . ** f') [+ ] + 

Chenopodiaceae ....... . . . .......... . .... p + + + + + + + + + + 
Cis laceae 

He /ian/hemum oelandicum type. . . . .. .. . p + + + + 
Composilae 

Arlem isia sp ... .... . .. . . . . . . . . . .. ... . p + + + + + + + + + + + + + 
Cirsium sp .. ... . .......... . ..... . .... p + + + + 
Cen laurea scabiosa ................... ** p + + 
(Hypochoeris radicala) . ....... • .•..... ** f') (+ ) 

Corylaceae 
w Carpinus belulus . ... ... ............. . ** fl) p + (+ ) (+ ) [+ ] [+ ) [+ ) + [+ ] + + + + 
w Cory/us auellana . . . .. . .. . . . . . ........ ** fl) p + (+ ) (+ ) [+ ] [+ ] [+ ) + [+ ) + + + + 
Crassu/aceae 

Sedum sp. . .. ...... p + + T 

Cuperaceae 
Care.'l· caespilosa . . . . . . . . ........ * f ') -t + 

lasiocarpa . ............... . .... ** fl ) (+ ) + + 
pse11docyperus) .. . . . . .. ......... ** f') (+ ) (+ ) 
ros lrata . . ...... .. . . . . . . .... .. . ** f'l ) (+ ) + + + 

( - uesicaria). .. . ... . . . .. .... . . . . .. ** f') (+ ) + 
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(C ladium mariscus) ............. ** [') [+ ] 
(Dulichium arundinaceum (L.) Brill. ) .... ** [') [+ ] 
E riophorum vaginal um . ..... . . .. .. . .. . ** veg + + + 
(Sc irpus lacusl ris) .. . .... . . . . . . . . . . . . . ** f') [+] + 

Droseraceae 
Drosera anglica-rolundifolia ... .. ... .. .. p + + + 

inlermedia . ........... . ... . .. * p + 
Elaeagnaceae 

Hippoplwe rhamnoides . ............ . .. p + + + + 
Empelraceae 

Empelrum h ermaphrodilum ...... . . .. . . •• p + + + + + + 
nigrum ........ . . .......... ** p + + + + + (+ ) + [+] + + + + + 

Ericaceae 
Andromeda po/ifo/ia .. .... .. . .. . ...... ** f') + 
Arcloslaphylos alpina .............. . .. * p + .J. 

uva-ursi . .. . .. ... . ... ... ** f') p + + + + + (+ ) + [+ ] + + + + 
Calluna vulgaris . . . .. ....... . .. . . ... . p + + + (+) (+) (+ ) + [+] + + + + 
Cassiope hypnoides . . ............... . . p + 
Erica lelralix .. ... ....... ..... .. . . .. . * p (+ ) (+) (+ ) + + 
Vaccinium type . ... . ...... . .......... p + + (+ ) + (+ ) + + + + + 

Euphorbiaceae 
Mercuria lis perennis . . ............. ** p (+ ) (+) + + + 

(Fagaceae) 
(Fagus silvalica) .. . . . . . . . . . . . . . . . . . . p . . [+ ] [+ ] 

\\" Quercus robur . . . . . . . . . . . . . . . . . . . . . . . ** f') p + (+ ) (+ ) [+] [+ ] [+ ] + [+ ] + + + + 
Gen lianaceae 

Gen liana pneumonan lhe . . ..... . * p + + 
Genlianella amarel/a type . ............. p (+ ) .. + (+ ) + + ➔ 

Swl'l"lia perenne L. . . ... . . . .. . p + + 
Geraniaceac 

Geranium sp .... . . . . . . . . p + (+ ) .. + + + 
Haloragaceae 

Myriophyllum allerniflorum . ........... •• [') p + + + + + + + .+ + + 
spica lum . . . . . . . . . . . . . . •• P) p + + + (+ ) + 

( verlicillalum) .......•. . .. •• fl) p (+ ) [+] (+ ) + 
H ippuridaceae 

Hippuris vulgaris .. . . ... . .. ..... .. . .. • f') p + + + + 
Labialae 

(Ajuga rep/ans) ...... . . . . . . . . . . . . . . . . •• f') [+ ] [+] 
Men/ha ty pe ... . . ... .. .. . . . . ... . .... p + + + 
Teucrium monlanum . . .... . . ... ....... * p + 

Leguminosae 
An lhyllis vu lneraria ............. . . •. . p + + + 
As/raga/us alp in us . .... . .............. * p + + + 

campeslris type . .. . . .. . . . ... p + + + 
danicus ........... .. . ... .. * p + + 
{rigidus .... .. . . .. . . ... .. .. * p + + + 

Cylisus nigricans . . .. ... . ... ...... . ... p + 
Genis/a sp ............. .. . . . .. ... . .. p + + 
Lo/us cf. corn iculalus .. .. .•.. ..... .... p + .. + + + .. + + 
Trifo lium alpeslre ............ . .. .. ... * p + . . + 

arvense • p + + .............. 
Vicia-Lalh yrus .......... .. . . . .. . . . ... p + + + + 

Liliaceae 
Alliwn cf. schoenoprasum. .. . .. . . . p + + + + 

Linaceae 
Lin11m auslrinc111n ty pe p + 

Lobeliaceae 
Lobelia dorlmanna . . .. ... . ..... . p + 
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(Loranthaceae) 
(Viscum album ) .. . ........ . ........ · • p [+ ) . . [+ ) 

(Ly lhraceae) 
(Lythrum salicaria). .. ... . . . ....... .. . p (+ ) 

Myricaceae 
Myrica gale . .......... .. .. . . . . ... . .. p .. (+ ) . . + + + + 

Menyan thaceae 
Menyanlhes lrifo/ia ta . . ...... ........ . ** f p + + + + + + + . . + + 

Nymphaeaceae 
(Brasenia schreberi Gmel.) ...... . ...... ** P) p [+ ) [+ ) 
(Nymphaea alba) . . . . . . . . . . . . . . . . . . . . ** P) . . [+ ) 
Nuphar luleum ....... . . . . . ... . ... . .. ** veg p (+ ) (+ ) [+ ) + + + . . .. 

(Najadaceae) 
(Najas marina) .. ... ... ... . ......... . ** fl) [+ ) 

O/eaceae 
w Fraxinus excelsior . . ....... . .. ... ... .. p .. [+ ) [+ ) [+ ) [+ ) + [+ ) + + + + 
Onagraceae 

Chamaenerium angustifolium ........... p + + + + + 
Epilobium .. . . ............. . ... . ... . + + 

Planlaginaceae 
Littorella uniflora . . .. .... . ........ . .. ** fl) p (+ ) (+ ) + 
(Planlago lanceolata) . . .. . .. .... . ..... ** p (+ ) (+ ) (+ ) (+ ) (+ ) (+ ) 

maritima s. I. ............. .. ** p + + + + + + + + + + + + 
media . . ....... . . . .•....... ** p + + + + + + + + + 

Plumbaginaceae 
Armeria marilima .... . .......... . . . . . ** P) p + + + + + + "-

Polemoniaceae 
Po/emonium coeruleum . . ......... . . . . . p + + 

Po/ygonaceae 
Bis lor/a .. ... . . .. . . . .... .. . . . ....... p + + + + + + + + + 
Polygonum amphibiun1 ... .. . . .... . ... . ** p + + + + + 

aviculare type ...... ....... p + + 
convolvulus type ............ p + 
persicaria type ....... . . .. .. p + 

( tomentosum) . . . . . .... . . ... . fl) (+ ) 
Rwne.x acelosa . .... ... . .. . ...... ... .. * p + + + + + + + + + + + + .L 

acelosel/a type ... . .. . . . .... . . .. p + + + + + + + + + + + + + 
aquaticus-hydrolapathum . . . ..... + + + 
domeslicus type . .... . ... . .. . .. . p + + 

Polamogelonaceae 
(Polamogelon fi/iformis) . ... .. ....... .. ** P) p (,) (+) -'-

sect. Eupolamogelon . . .... p + + + + + + + .L 

natans . . . . . . . . . . . . . . . . . ** fl) + + + + 
pusil/us . .. . . . . . ... ... ... ** f') + + 

Primulaceae 
Lysimachia lhyrsiflora .. .............. ** p + + + + 

vulgaris ..... .... .. . ... .. . * p (+ ) 
Ranunculaceae 

cf. Adonis verna/is . ......•.....•...... p + + + .. + 
Anemone .... . . . . . .................. p + + + + + 
Caltha paluslris . ........ . .. . .. . ... . .. p + + + + + + + + 
Ranunculus acer type .. . ... . ... . .. .. .. p + (+ ) + + + + + + 

lrichophyllus type ...... . ... p + (+ ) + + + + + + 
aquat ilis (coll. ) . . . .. ... . .. . fl) + + + + + + 

( lingua) . . . . .............. . ** f') (+ ) + 
repens . . .. . ..... . ... . .. ... ** fl) (+ ) (+ ) + 
scelera lus ............. ... . ** f') + (+ ) 

Tha/iclrum sp . . . . . . . . . . . . . . . . . . . . . . . p + + + .. + + + + + + + + 
Tro/lius europaeus . ................... p + + + + 
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Rhamnaceae 
Frangula alnus ... . .. . . . . . . . . . . . . . . . . p + (+ ) (+ ) (+) .. (+) + + + + + + + 

Rosaceae 
Filipendula cf. ulmaria ..... . . . . . .. .. . . p + + + + + + + + + + + + 
Fragaria sp. . . . . . . . . . . . . . . . . . . . . . . . . p .. + . . + + 
Geum sp. .......... . .... . ........... p + + + + + + + + + + 
Ma /us silveslris .... ..... . ... . ... . .... p + 
Polenlilla paluslris .... .. . . ... . ... . .. . ** f') + + + + + + 

sp . . .... . ............ . .. . .. p + + + + + + + + + + 
Prunus sp . . ......... . . . . . . . . .... ... . p + + + + 
Rosa sp ... ... ...... ........ .... ..... p + + 
Rubus arc licus . .... . .............. . .. * p + + + 

chamaemorus ...... . . . . . .. . . . .. ** p + + + + + + + + + 
frulicosus . . .............. . ..... p + + 
idaeus . ......... ..... . . . . . .. .. ** f') p + (+ ) (+ ) + + + 
saxalilis ** p + + + . ..... . ... . . . ... . . .. . . 

.Sanguisorba minor .. . .... .. . . ..... . .. ** p + + + + 
officinalis ..... . .. . . ...... ** p + + + + + + + + 

Rubiaceae 
Galium type . .. . . .. . . . .. . . . . . . . . . . . . . p + + + + + + + + .. + + + + 

Salicaceae 
Populus lremula . ........ .. ..... ... . .. p + + + + (+) (+) + + + + . . + + 
Sa/ix herbacea .. . . .. . . . . ... . . .... . . . . ** veg p + + + 

cf. phylicifo/ia . . .. . . . . . .. . . . .... veg') + + 
Saxifragaceae 

Parnassia palustris ... . ... p + + + + + 
Scrophulariaceae 

Euphrasia-Rhinan thus .... p + 
l\fr/ampurum sp . ... ...... . .... .. . . . . . p + + + + + + + + 
Veronica sp. . . .. . . . .. .. . . ... . . . .. p + 

Solanaceae 
.Solanum dulcamara ...... . . .... . . ... p + + 

( Tiliaceae) 
( Tilia cordala) .. ......... . ..... . . . , . * p [+] [+] [+] [+] [+ ] [+] (+) 
( - p lalyph1Jllos) . ... . ......... . ... ** f') .. [+] 

( Trapaceae) 
(Trapa natans) . ......... . . . . .. . .. . . . ** P) p [+ ] 

Typhaceae 
.Sparganium anguslifolium . .. . ......... ** f') .. + + 
( Sparganium ereclum) ....... .. . . . .... ** fl) [+] 

minimum . . ...... • . . ..... ** f') + + + + + 
Tupha-.Sparganium type .... . . . . .. . .. . p + + + + + + + + + 
Tupha latifolia ... . . . . . .. ..... ... .... * p (+ ) + + .. + + 

U/maceae 
w U/mus sp . . ... ..... .. , .... ... . . . . .. .. p (+) (+) (+ ) [+ ] [+] [+ ] + [+] + + .. + 
Umbel/iferae 

Bupleurum sp . ........... . . . . .. ...... p + + 
(Heracleum sp.) . . . . . . . . . . . . . . . . . . . . . p .. (+ ) + 
(Hudrocotule vulgaris) ....... . .... . . .. p .. (+ ) (+) . . 

Urlicaceae 
Urtica dioica ..... .. .. . .. . . . . .. . . . ... ** p + + .. + + + + + + + + 

Valerianaceae 
Valeriano dioica . . . .. .. . . . . . . . . . . . . .. * p + 

officina/is s. I. .. . .. . . . ... . .. * p + + + + + 
Violaceae 

Viola paluslris . .. ............... . . ... ** f') + + + + + + 
( Vilaceae) 

( Vi/is sp .) ...... .. . . .... . . . ......... p . . [+ ] . . [+ ] 

' ) Accordi ng to JESSEN and M1LTHERS (1928). 
' ) cp. p. 22 . 



VI. CLIMATE AND CHRONOLOGY OF THE EARLY 

WEICHSELIAN GLACIAL IN WESTERN J UTLAND 

T ERMINOLOGY 

The geologic phenomena of the Pleistocene present a multitude of varia tions, and as 
most of them may b e 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 (HEDBERG 1954). However, the 
Pleistocene climatic changes were of a large amplitude, and the interpretations as lo 
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-stra tigraphic nature, but very few 
local seq uences represent a complete development. Hence, the only hope for a commo n 
chrono-stra tigraphy relies on climatic change (cp. VAN DER VLERK 1959). 

Palaeobotanical evidence may be useful for a distinction of Pleistocene stra tigraphic 
units. As discussed in chapter I , J &Mand later GAMS, WoLDSTEDT, VAN DER VLERK, 
FLORSCH0Tz, and other a uthors have pointed out, that the vegetational successions may 
be importa nt for a distinction of la te Pleislocene interglacials. Features of th e vegeta­
ti onal developments may also be useful for a delimita tion of glacials and inlerglacials. 
Thus glacials in Nor th ern Europe may be characterized by occurrence of non-forest 
vegetation in the peri-glacial area (SELLE 1953 a, ZAGWIJN 1957 a, 1960, ANDERSEN 
1957), and interglacials by successions of temperate forest stages. ZAGWIJN (I. c.) has 
shown th at similar pr inciples may also be applied lo early Pleistocene stratigraphic 
units. However, th e stages of the vegetational history represent bio-stratigraphic units. 
Their limits may not always coincide exactly in a wide area, and the dominant vege­
ta tion may not ahYays express the climate exactly. 

It may be preferred, accordingly, to delimit the time units of the Plcistocene by 
climatic change (cp. \VoLDSTEDT 1953, 1954a and b, 1958, FLINT 1957, VAN DER 
VLERK 1957, 1959, GRoss 1958, ANDERSEN, DE VRIES and ZAGWIJN 1960). The glacials 
and the interglacials may be considered the main stages of the Pleistocene. The inter­
glacial stages contain characteristic long- time progressive vegelational 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 interstad ial subslages conslilule 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 
(ZAGWIJN 1957a, 1960, VAN DER VLERK 1957, 1959, ZoNNEVELD 1957), 
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Wcichselian Glacial 
Eemian Interglacial 

Saalian Glacial 
Hoxnian Interglacial 

Elslerian Glacial 
Cromerian Interglacial 

Mcnapian Glacial 
W aal ian Interglacial 

Eburonian Glacial 
Tiglian In terglacial 

Pre-Tiglian Glacial 

These stages may be dis tinguished lilhologically or palaeonlologically, and their 
limits may be assumed lo correspond roughly lo major climatic changes . 

The ,veichselian Glacial may be considered lo be the lapse of time which separated 
the Eemian Interglacial from the Postglacial (cp. ANDERSEN, DE VRIES and ZAGWIJN 
1960). The Lale-Glacial is now usually included in that Glacial (vAN DER VLERK and 
FLORSCHi.iTZ 1950, 1953, VAN DER HAMMEN 1952, SELLE l953a, WoLDSTEDT 1956, 
GRoss 1956, 1958), and th e upper limit of the Weichselian Glacial is, accordingly, the 
fini-glacial temperature rise in Scandinavia, which corresponded lo the end of the 
last major advance of the Scandinavian ice sheet. In the vegclalional history of Northern 
Europe tha t limit correspond ed lo the transition pollen zone III to IV in Scandinavia 
and th e Netherlands (DONNER 1951, IV ERSEN 1953, VAN DER HAMMEN 1957), a l which 
point of Lim e forest vegeta tion became dom inant, and the long-lime progressive succes­
sion of fores t stages of th e Poslglacial was initi ated. However , the zo ne border may be 
slightly yo unger than the main lcmpcralurc rise (VAN DER H AMMEN 1951, IVERS EN 1954). 
The rad iocarbon age of th e zone border is 10 300 yea rs before present (IVERSEN l 953, 
ANDERSON, LEVI and TA UBER 1953, DE VmES, BARENDSEN and \VATERBOLI< 1958, 
GoowIN and \V1LLIS 1959). 

Below, th e lower limit of th e Weichscli an Glacial, and a subdivision of its early part 
in \Vcslern J ulland will b e discussed in more detail. 

TEMPERATURE 

A summary of the stages of th e vegetational history and th e climatic develo pmen t 
of the posl-Eemian sequences mentioned in th e presen t study is shown in table 24 
(see also chapter V). 

As m entioned on p. 80, il 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 assum ed that the length of the vegeta ti Ye season varied with the 
temperature for the warmest month . vVhereas 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 th ey are 
suggested by various sources, and they should be cons idered to be interpretations 
rather th an fac ts (sec also p. 80). 

A major decrease in the summer temperature initiated in th e late Eemian Interglacial. 
It continued at the transition subzone vV 2 a- b, and a m inimum was reached in sub­
zone \V 2 b. It ap pears th at this en lire development was gradual. It is not poss ible to 
say exactly how low th e summer temperature became, but th ere are reasons to believe 
that th e average July temperature was co nsiderably lower th an l0°C in subzone "T 2b. 



Zones 

Wx 

I C 

-

W5 b 
-

a 

W4 

e 

d 
-

W 3 C 

-

b 

a 

e 

-

d 
W2 -

C 

-

b 
-

a 

Wl 

h 

Table 24. B Brorup Hotel Bog. R = Rodebrek I. H = Hcrning. N = N0rb01ling. 
(Tabcllen er gengivet paa da nsk paa side 160). 
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Bio-s tratigraphy I Local chronology 
July Local water 

I 

Soil temp . level 
Substages I Vegetation 

I Belulapuhescens? B. nana, 
Juniperus, h erbs 

I Soil erosion 1 10- 12° I Rising water 
, level (B) 

Hialu s 

I Forests of Pinus, Picea, Belula pubesc-

13- 15° I Low water level 
(B) 

Acid humus Ca. 13°? Slightly higher 
ens, Larix, Frangula . layer prevalent water level (B) Calluna , Empelrwn. 

I 
13- 15° Low water 

level (B , N) 

I Forests of Be_tula pubcscens , Picco, Larix,1 Acid (rnmus. I 13-1 5° I Low ,rn lcr lcYc l 
Frangula. P111us 1ncreas111g layer 111creas1ng I (B) 
Fores ts of Betula pubesccns, Populus, Increasing devcl- Low water level 
Lari.x, Frangula. 13. nana , Juniperus opment of acid 13-15° 

(5) and herbs common. Ca /luna increasing humus layer 
·· ----

Tree vege tation m ore open Slight erosion Ca. 12° Hise of waler 
level ( 13) 

Fores ts o f Bclula pubescens, Populus. Stabilization Low water level Brorup 
B. nana, Juniperus and herbs common Humus forma- 13- 15° (B) Inter-

lion stadial 
Tree vegetat ion more open Slight eros ion Ca . 12° Rise of water 

level (ll , J-1) 
-

Forests of Belu/a pubescens, Pop1.1/1.1s. Stabilization Low water level 
13etula na1w and herbs common Humus Ca. 13° (ll, H) 

form a tion 
Betula nana and herbaceous vegetation Siabilizalion Jn -
prevalent. Belula pubescens and Popu/us Raw soil. lnilial creasing . 
present humus forma- Ca . 12° 

lion High water level 

Bare solifluclion areas widespread Slope wash and < 10° 
solifluc lion 

-
Betula nana, Juniperus and herbaceous Stabilization 10- 12° Low water level Rodebrek 
vegeta ti on prevalent Haw soil (R) Inter-

stadia! 
Bare solifluclion a reas wid es prea d Slope wash and < 10° 

solifluclion 
Betula nana, Juniperus a nd her baceous Increasing 10-12° High walcr level 

vegetat ion prevalent soi l erosion 
Scattered incli vicluals o f Pinus, Picea , Acid humus De-
Belula pubescens. Healh with Juniperus , layer and pod- creasing. Ri s ing water 
B. nana , Calluna , Empelrum. Herbs solization 10- 12° level (l3, R) 
common prevalent 

I Forest dominated by Picea , Pinus, De- Lo,v water level 
I Belula pubesccns . Alnus r a ther common creasing (B, H) 

Assuming a July temperature at above l8°C in the Eemian Interglacial (J &M 1928, 
p. 336) the summer temperature decreased wilh al leas t l0 °C in total. 

The vegetation rclleets a definite increase in the summer temperature in subzone 
\V 2c. The July temperature was probably about 10- 12°C. Subzone W 2d reflects 

8* 

Main 
stages 

Weich-
selian 
Glacial 

Eemian 
Inter-
glacial 
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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 ,v 2 e, and Belula forest prevailed in zone W 3. The summer 
temperature probably increased by at least 6°C. 

The summer temperature remained high during the zones W 3, W 4 and W 5. 
The July average temperature was probably about 13- 15°C or more. Minima in the 
summer temperature are reflected 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 Brorup 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). 

HUMIDITY 

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 
vV 2 because the humus layer was destroyed by soliOuction (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 Erica/es increase in the zones ,v 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 th e local 
changes of water level (see the discussion in chapter II). 

A rcverscment of the hydrosere to wetter conditions indicates definitely that the 
local water level rose. Such cases are listed below (B = Brorup Hotel Bog, R = 
Rodebrek I, H = Herning, N = N0rb0Iling). 

Dry--+ wet stage Corresponding change 
in summer tempera ture 

Zone h- W 2b: B, R .......... Decrease 
W 2c- d: R ............ . 
W 3a- b: B, H ......... . 

- W 3c- d : B ............ . 
W 5- W x: 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 al 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 lo detect from changes in 
th e local vegetation, as its cfTecl on the vegetation cannot always be distinguished from 
the normal hydrosere, which led lo stages of increased dryness . A lowering in the water 
level may have accelerated this succession . Such changes arc listed below. 

Wet-+ dry stage Corresponding cha nge 
in summer temperature 

Zone h: B, R (low water level) ....... High summer temperature 
\N 2b- c: R. . . . . . . . . . . . . . . . . . . Increase 
W2e- W3a: B, H ........... . 
W3b- c: B ....... .. .. .. ..... . 
W 3d-e: B .. ........ . . .. ... . . 
\V 4- W 5: N ................. . None 

The list shows th at most increases in the summer temperature corresponded to a 
drier vegetational stage in al 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 oul of the lake bottom was found at the 
transition zone W 2- W 3, especially at Brorup Hotel Bog (p. 58) . 

II 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 th e Eemian 
Interglacial , where the summer temperature was highest, and the highest water levels 
corresponded to the subzones \N 2 b and d, which had the lowest summer temperatures 
within th e 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, th e 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 actiYity in these 
cold intervals, and ii 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 RODEBA':K AND THE BR0RUP l NTERSTADIALS 

From the above ii 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 sudd en, 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 th e chrono­
slraligraphic limits cannot be defined very sharply, in con tras t to th e bio-stratigraphic 
limits (pollen zone limits), which may be defin ed for a certain a rea with a great clearness. 

The post-Eemian climatic development described above and in table 24 conta ins 
several temperature changes, which may be useful for chrono-slratigraphic limits 
(see also fig . 12, p. 133). 
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( 1) the lcmpcralurc decrease zone h- W 2b. 
(2) th e temperature oscillation zone W 2 b- c- d. 
(3) the temperature increase zone \V 2 d- W 3 a . 
( 4) th e temperature oscillations zone W 3 a- b- c- d- c. 

(!) The tem perature d ecrease zone h- vV 2b interrupted th e vcgeta tional succession 
of the Eernian Interglacial , and caused an expansion of non -forest vegetation. Thal 
transition look place al so me point of lime during the temperature decrease. The 
summer temperature decreased with al least 10°C in total (sec above). In \Vcslern 
Julland the temperature decrease was accompanied by an initiation of periglacial 
erosion (slope wash and solifluction) . It seems that the erosion beca me prominent al 
the transi tion zone \V 1- W 2, and solifluclion was intensive in subzone \V 2b. It can 
hardly be doubled th at this major tempera ture decrease had great eITecls outside of 
Denmark, nol 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 co nvenient boundary between th e Eemian Interglacial and the \Veichselian 
Glacial. 

(2) Th e Roclebrek Int ers ladial. The temperature oscillation zone W 2b- c- d 
was reflected clearly by the terrestrial vegetation and th e vegeta tion of the lakes. The 
su mmer temperature increased and decreased substantially, and the warm interval 
may be co nsidered lo be an inlersladial, in the local sequence the R odebrek Inlcr­
s tadial, named after lhal site, al which the oscillation is r epresented by a gyllja layer 
intercalated between predominantly mineral strata. The inlersladial was followed by 
the temperature minimum of subzone \V 2d, during which periglacial erosion becam e 
intensive again. 

(3) Th e Brorup Inl e r s ladial. The temperature increase refl ected in th e zones 
W 2d- vV 3a co nslilulecl an important climatic change. The summer temperature in­
creased by al least 6- 8°C, and ii remained high during th e zo nes \V 3- W 5. The vegeta­
tion reacted rather slowly lo this change. The first changes may be traced al th e transi­
tion W 2 d- e, and Belula forest developed at the transition W 2 e- W 3 a, but other 
forest trees (larix, Pinus silveslris, Picea abies and P. omoricoides) did not immigrate 
till after a co nsiderable interval , although th e summ er temperature was undoubledJy 
favourable for th em al an earlier point of lime (p. 105). The temperate d eciduous trees 
did apparently nol immigrate at all, and were represented only by pollen clu e lo long 
distance transport by wind. 

The temperature increase during zone W 2 d- \V 3 a must also have aITecled a wide 
region. The trees mentioned had apparently only survived th e preceding cold interval 
far to the so uth . 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 ii seems clear that this warm interval terminated with another considerable 
temperature decrease soon after the formation of the deposits from subzone \V 5 c. 
The entire warm interval may be considered lo be a major inlerslad ial within the 
\Yeichselian Glacial, the Br0rup Inler s t ad ial. 

(4) The oscillations within zone W 3, fin ally, deserve allention. The minima of 
summ er temperature corresponded lo the subzones W 3b and cl of th e vegetational 
history . The summer temperature was lowered twice, and sufficiently lo cause a 
decrease in the vitality o[ Belula pubescens, but the frequencies for Filipendula cf. 
ulmaria were afTected only slightly (cp. p. 96). In the cold intervals that separated th e 
Bolling and the Allerocl Inlerstadials , and th e Allerod from the Poslglacial (the Lower 
Dryas and Upper Dryas intervals respectively) Filipendula disappeared almost entirely 
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in Denmark (cp. IvEHSEN 1954). The temperature rn1111rna of th e subzones W 3b 
and cl a re, accord ingly, not compar able lo the Lale-Glacial temperature minima. They 
should be considered to be minor oscill a tions within the Brorup lnlersladial. 

It thus appears th at th e upper limit of the Eemian Interglacial and two ea rly Weichse­
li an inlerstadials, the Rodebrek Inlersladial and the Ilrorup lnlerslad ial, may be 
recogni zed on lhe basis of the changes of summer temperature studied in the present 
work . 

The relationship of th e chronologic divisions proposed here lo the stages of the 
vege ta tional history and the tempera ture 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 th e " l0\1·e r temperate 
flora " corresponds lo the Eemian Interglacial (p. 9). All the yo unger stages mentioned 
by J &M (I. c.) should b e considered lo belong lo the Weichselian Glacial. The Rodebrek 
Intersladial was not distinguished by J &M (I. c.). As discussed in detail in chapter IV, 
Stage IV of J &M (1. c.), the stage with the " upper temperate flora" at Heming 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 
th e •· upper subarctic flora", corresponds to the Brorup Intersladial, which had a 
rather warm climate. 

Table 25. 
(Tabellcn er gengivet pa dansk pa side 162) . 

J ESSEN and \[J LTH ERS 1928 Present inves tiga tion 

Las t 
I Cold substage 

Glacia ti on I 

V. Upper sub-arctic fl ora I Brorup Interstadia l \Ve ichseli an 

IV. Upper tempera te fl ora I Co ld subslagc Glacia l 

I 

Rodcb:ock lnlcrstadial 
Last III. Sub-arctic fl ora Cold substage I 
Interglacial Eemian II. Lower temperate fl ora Interglacial 

I. Lower sub-arctic and 

I 
Saali an 

arc lic fl ora Glacial 

No vVeichselian ice advances can be correlated in a direct manner with the post­
Eemian sequence from V,7estern Jutland described here. The Scandinavian ice sheet 
extended almost to the site al Brorup Hotel Bog at the maximum of the vVeichselian 
glacia tion, and it seems Lo be quite certain that the Brorup Inters tadial preceeded 
th at 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 ZAGWIJN 
and the preliminary results from the Netherlands and Denmark were compared by 
ANDERSEN, DE VRIES and ZAGWIJN (1960). The profile at Amersfoort consists of clay 
from the Eem marine transgression overlain by fresh-water gytlja 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 ZAGWIJN, 1. c. ). 
Their main features arc summarized in table 26. 

Al present only the correlation of the main vegelational 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 th e two areas based on !he botanical data were compared, and 
th e names Amersfoorl Inter s tadial and Brorup Inl c r s t a di a l were suggested 
for the two early Weichselian warm substages in a general chronology (ANDERSEN, 
DE VRIES and ZAGWIJN 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 lo that 
represented in Jutland in zone Vv 1 prevailed apparently in Northern Europe, presum­
ably due to soil leaching, which progressed during the Eemian 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 lo the south. A sub­
arctic parklikc 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 Amersfoorl (Rodebrek) 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 lnterstadial forests of Betula pubescens, Populus lremula, and later 
Larix, Pinus silveslris, 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) . 

Bio-stra tigraphy 
Cl t I° , ,rono-s ra 1grap 1y 

Denmark (ANDERSEN) The Netherlands (ZAGWIJN) 

Pollen 

I 
Vegetation 

Pollen 

I 
Vegetation Substages I Main 

zones zones stages 

W5 Fores t of Pinus, B etula and C Pinus, Betula, Picea, Alnus I Picea fo rest 
- Brorup W4 Forest of Betu/a , Pinus a nd b Picea, Pinus, Betula, Alnus 

Picea EWIV forest I In ter-
- stadia! W3 Forest of Betula pubescens 

\ a 
Belula nana, B . pubesc. 

Open forest of Pinus and 
e Populus, herbs Betula, Picea increasing I Solifluclion preYalent EW III Subarctic parklandscape 
d with Betula and Pinus 

-

I+ Pinus-Betula forest 
EW II Amers-

W2 Betula forest foor t 
C Betula nana, Juniperus , herbs 

Open forest and parkl and- Inter-
b scape, much Sa/ix 1 stadia! 

- -
b Solifluction prevalent 

Belula nana, Juniperus, herbs 
EW I 

Subarctic parklandscape with a 
Subarctic hea th with I a h eath . Pinus, B etula 

Wl scaltered trees I 
I Temperate fores t Temperate forest 

of herbaceous terrestrial plants and water plan ts, indica tes that th e climate was warmer 
th an suggested by th e presence of th e trees ment.ioned, and it appears that the temperate 
deciduous trees were absent mainly because they had not had time to immigrate .. .\. 
similar vegetation may have prevailed in Scandinavia. However, species of trees 
(Picea?, Alnus ?) may have immigrated to that area from the east. Regions to lhe south 
of Denmark were presumably reached by Pinus and Picea at an earlier point of time 
within lhe interstadial than in Jutland. Pinus, Picea and Alnus occurred in lhe 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 Allernd Interstadial with regard to Pinus (p. 105). The other temperate 
deciduous trees and shrubs represented in the Brnrup Interstadial in Jutland by wind 
transported pollen (Carpinus, Querws, Ulmus, Frax inus, Cory/us) 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 lhe Br0rup Interstadial in a limited area. 
However, the trees are known from Eemian or older deposits in Poland and Germany, 
and cannot be considered lo be " type" species for th e Brnrup Interstadial in a wide area. 

At Amersfoort the deposits from the Brnrup Interstadial are overlain by deposits 
from the middle and th e la te Weichselian Glacial (ZAGWIJN, in ANDERSEN, DE YRIES 
and ZAGWIJN 1960). According to ZAGWIJN (I. c.), a younger interstadial may be re­
presen ted a l Breda in the Netherlands. An interstaclial of a similar age is problaby 
represented at Geesth acht , Northern Germany (mentioned in DE VRIES 1958a). The 
vegetations of these interstadi als have not yet been described. 

\Veich-
selian 
Glacial 

I 
Eemian 
Inter ­
glacial 
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During the period of maximum ex tent of the Scandinavian ice sheet in the Weichse­
lian Glacial, the glacier extended almost to the si te at Br0rup Hotel Bog (p. 47). Hence, 
older \Veichseli an moraine stages were overrun, and presumably destroyed to a wide 
ex tent, b ut inters tadi al deposits may have been preserved in the glaciated area, and may 
offer a possibility for a comparison and a correlation with the early vVeichselian inter­
stadi als by their vegetational successions. Other posl-Eemian sequences from the neigh­
bouring coun tries lo th e so uth may be compared and correlated with the general 
seq uence. The occurrence of such deposits will he discussed below (the figures in 
brackets refer to the map fig. 11) . Relevant radiocarbon dates will he mentioned in 
chapter VIII. 

DEN~IARK 

From the part of Denmark, which was covered by ice during the \Veichselian Glacial 
on ly a few post-Eemian plant bearing deposits older than the maximum of the \Veich­
selian glaciation are known. 

Skcernmhede (6). The Skrerumhede series from Northern Jutland is well known 
(cp. especially A. JESSEN, MILTHERS, NORDMAN, HARTZ and HESSELBOE 1910). 123 m. 
of marine deposits were found below 57 111. of glacigenous layers. The fauna differs 
from that of the marine Eemian deposits, and the age of the marine series is nol known 
" ·ith certainty. J &i'vl (1928) correlated the Ska::rumhede marine series with their " Upper 
Temperate Stage" from the sequence al Heming. \VENNBERG (1949) referred the 
boulder clay underlying the marine series to an early post-Eemian ice advance, and 
referred th e marine seri es to an interstadial. However, no definite proof of such a 
suggestion exists (cp. WoLDSTEDT 1958). The uppermost marine zone (Porllandia 
arclica zone) contained a Ilora typical of forestless conditions (i . a. Belula nana, Dryas 
oclopelala , Sa/ix herbacea, S. polaris), and the glacigenous deposits above it a similar 
Ilora mixed with remains presumably derived from interglacial fresh-water deposits 
( i . a. Brasenia schreberi, Ceralophyl/um demersum, Nymphoides pellalum, Najas marina, 
cp. A. JESSEN et al. I. c.). The plant remains suggest lhal th e marine series is interglacial. 

W ENNBERG (I. c.) correlated the lowermost boulder clay from the Ska::rumhede 
series with th e C-moraine, which overlies Eemian marine deposits at Rislinge l{]int 
(cp. ~L.\DS EN, NORDMAN and HARTZ 1908), and he referred the "yellow sand", which 
overli es the C-moraine, lo a posl-Eemian inlers tadial. The plant remains found in the 
sanely deposit mentioned (pollen of Pinus, seeds of Scirpus lacuslris, cp. MADSEN el al. 
I. c.) give no information as lo a possibility for a correlation with the Brorup Interstadial. 

SWEDEN 

Several plant bearing deposits covered by till from the Vleichselian Glacial are 
known in Sweden. Their age is nol known exactly. They have usually been considered 
lo be interglacial, but their vegelalional sequences do not resemble the typical Eemian 
Interglacial seq uence (for radiocarbon dates, see chapter VII). 

Oje, Kopparhergs Lan (7, G. LUNDQUIST 1955). Sandy clay found at a depth at 4- 6 m. 
contain ed i. a. a Picea log. Pinus pollen occurs with frequencies at 45- 70 % , Picea is 
represented with 40- 50%, Alnus with 1- 5%. In a sample from the deposit ERDTMAN 
identified scattered pollen of Quercus, Tilia, Cory/us, Larix, Sa/ix, Myrica and Cal/una, 
and spores of lycopodium selago and Osmunda cf. clayloniana (see G. L NDQUIST 1. c.). 
U the Osmunda spores occur in a primary position , the deposit at Oje is unlikely to 
belong to th e Brorup Jnterstadial. As spores of a simiJar type occurred in the Eemian 
!nlerglacial in Jutland (p. 21), th e deposit may he of a similar age, and it is not any 
longer necessa ry to assume that il was of a greater age (G. LUNDQUIST I. c.). 



0 ~ 

"' 
}~ 

I 
Vo 

er 
9 

I ,,. 

I 

Fig. 11 . Interglacial and interstadial sites mentioned in the text, chapters IV and VII. 
O Eemian Interglacial deposit. 0 Inters tadial deposit found above an Eemian Interglacial 
deposit. • Interglacial or inters tadial deposit. I_I _I_I _I Limit of th e vVeichseli an glacia tion. 

The deposi t at Chelford, England (p. 128), is not indicated . 
Lokaliteter m ed interglaciale og interstadiale lag omtalt i teksten, kapitel JV og VII. 
0 aflejring fra Eem Interglacialliden. 0 inters tadial a fl ej ring beliggende over en a fl ejring 
fra Eem Interglacialliden. • interglacial ell er interstadial a fl ejring. I_I_I_I grrense for 

W eichsel-ned isningen. Aflejringen fra Chelford, England (s. 128) er ikke vist. 

Denmark : 10. L:ingsele. 19. Grube i\larga. 
I. Brorup Hotel Bog. 11. Boliden. 20 . Aue . 
2. Rodebrek I. Germany: Poland : 
3. Herning. 12. Loopstedt. 21. Horoszki. 
4. N0rb0lling. 13. H ark sheide. 22. l(qly. 
5 . Sols0. 14. Ore!. 23. Sciejowice. 
6. Ska!rumhede. 15. North Friesla nd. 24. Ziemb6wka. 

Sweden: 16. Li.ineburg . Holland: 
7. bje. 1 7. N edden A verbergen. 25. Amersfoort. 
8 . Bollniis. 18. Vechelcle. 26 . Hengelo. 
9. Harno. 
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Bol/niis, Hfilsingland (8). A drifted mud layer covered by 6 m. of glacigenous deposits 
contained macrofossils identified with the following species of higher plants (HALDEN 
1915): 

Alnlls gllllinosa 
incana 

Andromeda polifolia 
Belli/a "alba" 
Calla paluslris 
Ca rex pseudocyperns 

riparia 
Ceralophy/lum sp. 
Empelrnm nigrum 
Frangllla alnus 
Iris pselldacorns 

Lycoplls ellropaeus 
Menyanlhes lrifoliala 
Najas marina 
N ymphaea alba 
Picea abies 
Polamogelon prae/onglls 

pL1sil/L1s 
Polenlilla pa/L1s/ris 
RL1bL1s idaells 
Se/aginel/a se/aginoides 
Solanwn dlllcamara 

A pollen diagram from the deposit was published by SuNmus and SANDEGREN (1948) . 
Belllla pollen dominates, and pollen of Pinlls and Picea is frequent. Pollen of Alnlls cf. 
gllllinosa (de!. G. ERDTMAN) is present with frequencies al about 20%, and that of 
Cory/us with 5%. It is unlikely lhat the deposit belonged to the Br0rup Interstadial, 
and il is presumably of Eemian Interglacial age. 

Harno, Vaslmanland (9). A gyllja deposit found under 2.5- 5 m. of Lill was described 
by Mi;NTHE (1904). The deposit has not been re-investigated with pollen analysis. The 
fl ora conta ined the following species of higher plants (MUNTHE J. c.): 

Behl/a nana 
pL1bescens 

Bolrychium lunaria 
Jsoeles echinospora 

lacuslris 
Lycopodillm annolinum 

Lycopodillm c/avalum 
se/ago 

Pinus silveslris 
Polamogelon [iliformis 
Pleridium aquilinum 
Se/aginella selaginoides 

The deposit is presumably interglacial or inlerstadiaJ, but its age cannot be determined . 
Ldngsele, Vaslmanland (10, SuNmus and SANDEGREN I. c.). Clay mud was found a t 

22- 24 m. beneath the surface. The following species of higher plants occurred: 

Be/Lila "alba" 
nana 

Ca/Iha palllslris 
Carex caespilosa 
Empelrnm nigrnm 
JL1niperns commllnis 
Lycopodillm annolinllm 

c/avalwn 

Myriophyl!Llm verlicil/alum 
Polenlil/a pa!Llslris 
RanL111cL1IL1S repens 
RllbLIS idaeus 
Rumex acelose/la 
Se/agine/la selaginoides 
Vaccinium L1!iginos11m 

Pollen of Belli/a and Pinus dominate the poUen speclra, and about 10% of Alnus 
and Picea polJen occurred. The deposit may belong to the Brorup Interslad iaJ , but an 
Eemian Interglacial age seems lo be more likely. H EINONEN (1957) found abundant 
rebedded pollen in th e tills covering the mud deposit. 

Boliden, Vaslerboll en (11, J . LUNDQUIST 1955). The deposil, al 7 m. below the surface, 
appears lo be rather helerogenous. Remains of wood belonged lo Alnus sp. , Betula 
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" alba", B . nana, Ledum pa/us/re, Sa/ix sp. , Vaccinium uliginosum and V. myrlillus. 
Belula pollen dominates the pollen analyses togeth er with 6- 33% Pinus and 1- 3% 
Alnus pollen . A correla tion with the Brorup lntersladial may be possible. 

Other possibly interglacial or inlcrstadial deposits were found near Frosjon (AsK­
LUND 1936) , near Storsjon (T1-10HSLUND 1939) and al Pilgrimslad (KULLI NG 1945), all 
in J amtland . Their fl oras of plant remains are ra ther poor and give no in fo rm ation 
about their age. Hcma ins or mammoth were found al Pilgrimslad (KULLING I. c.), and 
the deposit may be of early vVeichselian age . Al Lulea in Northern Sweden a moss peal 
layer was found under 7 m . of glacial deposits (FHOMM 1958). Arctic or subarctic 
cond itions are suggested, and th e peal may belong to an interglacial or a \\' eichsclian 
inlerstadial (FHOMM 1. c.). 

GEHMANY 

Loopsledl , 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. KoLUMBE (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 inlerstadial is thus older th an 
th e maximum of th e \Veichselian glaci a tion , during which the moraine mentioned 
fo rmed (see GHIPP 1940). The vegelation al development was described by KouJMBE 
(I. c.). It seems to be very similar lo th e Brorup lnlerstadial. A Belula stage correspo nds 
presum ably lo zo ne vV 3 a- b , a Belula-Pinus stage to zone Vv 3 c- e, and a Pinus-Picea 
stage to th e zones \V 4- 5. Pinus immigrated a pparently to the vicinity of th e site some­
wh at ea1·li cr than lo th e neighbourhood of the bogs al Brorup . Pollen from lhermo­
phi lous trees was represe nted with frequ encies up lo 5%. It was presum ably du e lo 
long d ista nce transport by \Yind, just as al Brorup and orbolling. 

Harksheide, near Hamburg (13). HALLIK (1955) descr ibed an inlersladi al deposit 
fo un d above a n Ec mi an Interglacial depos it, a nd separated from ii by 0.6 m. of sand . 
T he inlerslad ial layers co nsisted of 0.85 m. of peal a nd gyttj a, a nd were covered by 
1.75 m. of gravelly sand . The vcgctation al succession illustra ted by the pollen di agra m 
published by HALLIK (1. c.) resembles th at of the lower part of th e Brorup Interstad ial. 
However, Pinus appeared earlier tha n Picea (in zone vV 3c), just as it did al Loopsledl. 
A small herb pollen m ax imum corresponds to a wet hori zon ("nasse Lage", HALLII{ 
I. c.), and it probably reflects the tem perature decrease of subzonc W 3 d. Pollen from 
th e more thermophilous trees occurred sporadically . HALLIK (I. c.) assumed it lo be 
rebedded interglacial pollen. At the topmost part of the sequence that poll en m ay be 
primary, d ue 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 
Bis/or/a , Myriophyllum a//ernifTorum, Nuphar, Drosera and Scheuchzeria. A similar, but 
considerably shorter vegetational succession is represented in a post-Eemian inler­
stadial deposit at Kollau , located not fa r from the site at Harksheide ( HALLIK l . c.). 

Ore/, near Bremervorde (14) . SELLE (1952) found three layers of peal and gyttj a, 
a t 6- 8 m ., 10- 12 m ., and 13.5-15.5 m. below the surface, separated by sandy layers. 
The lowerm ost peat and gyltj a represent the Ecmian Interglacial. J udging from SELLE's 
poll en di agram (I. c.), th e middle peal layer may correspond to the Amersfoort Inler­
slad ial or a part of the Bro rup lnlcrstadial (zone W 3 a-c, with Pinus dominant al the 
top). The upper peat layer may also correspond lo a part of th e Broru p Inlerstad ial 
(Pinus do min ant , Picea still rare) . 

North Fries/and (15) . D1Tn1rn (1954) mentioned a layer of Sphagnum peal covered 
by 3.6 m . of melt-water sand , and G.4 m. or Poslglacial 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 anaJyscs were mentioned by DITTMER (1. c., with. 
Belula, Pinus and a lillle Picea). The deposit may correlate with lhe Brorup lnlerstadial. 

Liineburg (16). MULLER and WEBER (1904) mentioned a deposit of Sphagnum peat 
and silt with mossy layers. The Sphagnum peal was und erlain by gravelly sand , with 
a podsol profile immediately under lhc peal, and il was covered by about 6 m. of 
gravelly sand. FmnAs and FmnAs (1935) mention a pollen analysis from the deposit. 
HALLIK (1952) published a pollen diagram based on freshly collected material. Ac­
co rding lo the latter author, the sequence represents probably the end of the Eemian 
Interglacial, and th e beginning of the following glacial. However, judging from the 
pollen diagram mentioned (with 80- 90% Pinus, 5- 20% Belula, 0- 10% Picea pollen), 
the deposit may represent a part of the Brnrup Inlerstadial. The following species arc 
worthy of note, Picea omoricoides (MULLER and ·WEBER I. c., FmnAS and FmRAs I. c.), 
Larix (FmBAS and FmBAS 1. c.), and Frangula alnus (HALLIK I. c.). 

Nedden Averbergen, near Verden (17). SELLE (1952) mentions 2 peat layers found 
al 1.50-2.23 m. below the surface, and above a deposit, which belongs to the Eemian 
Interglacial. The pollen diagram (SELLE I. c.) shows dominance of Belula and Pinus 
pollen , and sporadic occurrence of Picea pollen. A correlation with one of the early 
Weichselian interstadials is nol unlikely. 

Vechelde, near Braunschweig (18). According lo SELLE (1954), a peat deposit oc­
curred al 9- 10 m . below th e surface. No Eemian Interglacial deposit was found. Pollen 
of Pinus and Belula dominate the pollen spectra (Picea 0-5%)- A correlation with the 
Brorup Inlersladial might be possible. 

Grube Marga, nea r Senftenberg (19). Several peaty horizons were described by 
FmBAS and GRAHMANN (1 ()28). GRAHMANN considered the organic horizons lo be 
younger than the Warlhe sladial (Saalian Glacial), and lo predale the maximum of th e 
\Veichselian glaciation , and he referred the deposits lo an early part of an interglacial 
following the \Varlhe stadia!. However, the pollen diagrams (Pinus and Belula do­
minant, Picea 0- 13%, Ericales increasing to high values in the upper layers, Alnus 
up to 7 %, Carpinus , Quercus, Ulmus, and Cory/us sporadi c) do not suggest an early 
Eemian age. FmnAS distinguished 3 stages with dominance of Pinus pollen, which 
correspond lo peaty horizons, and intermediate stages with dominance of Betula 
pollen. As FmnAS pointed oul, the middle peat layer contains remains of a number of 
Lherrnophilous plants (Alisma planlago-aqualica, Carex pseudocyperns, Elisma nalans, 
Glyceria fluilans , Lycopus europaeus, Oenanlhe aqualica, Rammculus lingua, Rhyncho­
spora alba, Rumex marilimus, Sagillaria sagillifolia, Sium lalifolia, Solanum du lcamam, 
Sparganium erectum) indicating "dass die Temperalurverhallnisse elwa jenen um den 
60. und 61. Breitengrad im heutigen Fennoskandien entsprachen" . The July temperature 
of the area mentioned is about l6°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 Lime to immigrate 
to the area, just as it was the case in Jutland in the Brorup Interstadial. The rich flora 
from Grube .tviarga is very similar lo the one known from the Brorup Interstadial in 
Julland. The following 28 species of the 62 species of higher plants identified from 
macrofossils by FmBAS occurred in Jutland: 

Arcloslaphylos iwa-ursi 
Belula pubescens 

nana 
Calllw paluslris 
Calluna vulgaris 
Carex lasiocarpa 

Carex roslrala 
Elisma nalans 
Empelrum nigrnm 
Filipendula ulmaria 
Fragaria vesca 
Lysimachia I hyrsiflora 



/1/enyanlhes lrifoliala 
Myriophyllum allerniflorum 
Myrica gale 
Nuphar luleum 
Picea abies 
Pim1s silveslris 
Polamogelon nalans 

pusillus 

Polenlilla paluslris 
Rubus frulicosus 
Rumex acelosella 
Solanum dulcamara 
Sparganium minimum 
Urlica dioica 
Vaccinium o.rycocws 
Viola paluslris 
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The occurrence of E lisma nalans is particularly interesting, as the fin ds at Grube 
Marga are the only other late Plci stocene record for the species, besides the finds from 
Brorup, Herning and Norbolling in Jutland . 

It appears probable th a t th e deposits belong to the llrorup Interstadial. 
Aue, Erzgebirge (20) . W EBER (1898) identified from a peal deposit remains of Picea 

omoricoides, P. abies, Pinus silveslris, Belula pubescens, Menyanlhes lrifoliala and 
Polenlilla paluslris. The peat deposit found under 8 m. ofli.iss and sills is usually referred 
lo th e Eemian Interglac ial ( \Vo LDSTE DT 1950). It may, however, belong to a \\'eich­
selian intersladi al, a suggestion, which appears lo be quite likely judging from th e 
plant remains just mentioned . 

Bavarian Alps. RE1c11 (1953) described Eemian Interglacial deposits, above ,,·bich 
interstadi al layers occur (especially at the sites Grossweil and Ohlstad t) . Pollen of 
Picea omoricoides was found in the post-Eemian layers (p. 33) . Other interstadial 
peat deposits of probable post-Eemian age occur in th e Alrs (cp. Liiur 1953, FrnBAs 
1958) . Detailed correlations with the NvV European inlcrstadial s are not possible at 
th e present. 

POLAND 

Horoszki, near Mi elnik on the ri ver Bug (21 ). At thi s site BITNER (1954) found an 
Eemian Interglacial deposit covered by 6 m . of b ituminous 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 Be/11/a and Pinus pollen reflects presumably 
an early \Veichselian interstadi al. Above the second herb pollen maximum another 
Pinus stage occurs. Pollen of Picea and temperate deciduous trees and shrubs is very 
rare in th e entire pos t-Eemian sequen ce. The two interstadials may be correlated 
with the Amersfoort Interstadial and a part of the Brnrup Interstadial. 

Lower Carpathians. Pres um ed early W eichselian interstadials occur a t Sciej owice 
(23), Kuty (22) and Z iemb6wku c2,1, DYAKOWSKA 1939, 1947, SRODON 1952). The 
deposits' al ]( ,i ty a nd sciejowice contained pollen of Pinus and Picea (domin ant). A/nus 
pollen occurred with frequencies up to 30 % , and poll en of Querws, Cwpinus and 
Cory/us was very ra re (DYAKOWSKA l. c.). The flora of macroscopic remains of higher 
plants at scicjowicc was ra ther rich in thermophilous herbaceous plants. The following 
species were identified: 

Belula nana 
Carex roslrala 
Cictila virosa 
Cladium mariscus 
Hippuris vu/garis 
Hyperiwm hirsulum 
Larix sp . 

Menyanlhes lri{oliala 
Myriophyllum allerniflorum 
Phragmiles communis 
Polamogelon aculi{o/ius 

alpinus 
coloralus 
densus 
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Polamogelon {iliformis 
praelongus 
pusillus 

Potentilla paluslris 
Ranunculus flammula 

At Kij ly macroscopic remains of Abies, Picea, Juniperus, Carex rostrala, Rubus 
idaeus, Salvia sp. and Ranunculus aquatilis occurred (DYAKOWSKA 1. c.) . 

Forests of Picea, Pinus, Larix and Betula characterized lhe vegetation at Ziembowka, 
according to pollen analysis ( SRODON 1. c.). Pollen of Quercus, Ulmus, Alnus etc. occurred 
very rarely. Macroscopic remains of the following species of higher plants occurred : 

Ajuga rep/ans 
Beillla " alba" 

humilis 
Euphorbia amygdaloides 
Frangula alnus 

Picea abies 
Pinus cembra 
Sambucus racemosa 
Thesium afpinum 

DYAIWWSKA (1. c.) and SRODON (1. c.) referred the deposits mentioned lo a Weich­
selian (Bailie Glacial) inlerstadial. A correlation wi th the Brorup lnlerstadi al seems 
likely1). 

T HE NETHERLANDS 

The section from Amersfoort mentioned on p. 120 represents the most deta iled 
post-Eemian sequence from th e Netherlands. 

Hengelo (26). VAN DER VLERI{ and FLORSCHLITZ (1953) referred two maxima for 
tree pollen found above Eemian Interglacial deposits in the " Oilharbour" section to 
interst adials. The interstadials m ay r ese mble the Amersfoorl and the Brorup Inter­
stadials. New pollen-analytical data are b eing collected by ZAGWIJN. 

In the posl-Eemian sequence at Zwartewaler near Zwolle (VAN DER VLERI{ and 
FLORSCHVTZ 1953), pollen of Alnus (60%), Cory/us (20% ), and Quercetum mix /um 
(10%) occurred in a sand layer found between peal layers, where pollen of Pinus 
dominated and the pollen of the other genera mentioned was rare or absent. Il appears, 
accordingly, th at the pollen in the sand layer is rebedded . 

ENGLAND 

Che/ford, near Manchester. SrMPSON and WEST (1958) mention interstadi a l peat and 
mud layers embedded in the " Middle Sands", which in Lum are intercalated between 
two tills, the " Upper Boulder Clay" and the " Lower Boulder Clay" of Lhe Manchester 
area. The poll en spectra from the peal and mud b eds are according lo SIMPSON and 
\VEST (I. c.) dominated by Pinus and Betula pollen. The pollen diagram suggests a 
zone with very lillle or no Picea followed by a zone with Picea frequencies up to 10%. 
A few sca llered pollen grains of Ulmus, Carpinus, Alnus and Cory/us occur. SIM PSON 
and WEST (I. c.) also recorded poll en of i. a. Hedera , Lonicera xylosleum, Calluna, 
Empelrum nigrum, Armeria, Filipendula cf. ulmaria , Polemonium, Valeriana dioica, 
V. of{icinalis, Helianlhemum, Scleranlhus perennis, Cal/ha and Myriophyl/wn altemi­
(lorum , and spores of Botrychium, Lycopodium annolinum, Selaginella and Sphagnum. 

1) In a recent survey of the "Aurignacian" Interstadial in Poland BrnKENMAJEn and 
SnoooN (1960) also refer some other deposits from Pola nd to an interstadia l presumed to 
be contemporaneous with the Brnrup Interstadia l. At the site Konopki Lesne reb eddcd 
interglacial pollen seems to occur. 
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Pinus silveslris , Picea abies, Belula cf. pubescens, 13 . cf. verrucosa, Rubus frulicosus and 
a few other species were recorded from macrofossils. The authors mentioned conclude 
Lhal the mean July temperature probably was about 12- 16°C, and that th e climate was 
rather co ntinental, due lo the presence of Picea abies. However, Picea abies may grow 
in a moderately oceanic climate to-day (see p. 102) . The find of Hedera pollen, if 
reliable, suggests that the climate was oceanic indeed, and th at th e July temperature 
was rather high (15- 16°C or more, cp . l vERSEN 1944). The finds of Lonicera x ylosleum, 
Valeriana dioica and Rubus fi-11/icosus also suggest a rather high summer tempera ture 
(ep. p. 98). SIMPSON and W EST (I. c.) present reasons for beli eving that the peat 
deposit at Chelford belongs lo th e J3rorup Interslad ial. The detailed data from this 
Interstadi al in Jutland show lhal th e vegetation recorded al Chelford was very simila r 
lo the vegetation found in Julland in the pollen zones vV 4- W 5, and the absence from 
Chelford of certain p lants recorded al Brorup, e. g. Picea omoricoides, Larix and 
Frangula alnus, may be accidental. The suggestions as to the climate al lhal lime arc 
also co nsistent (cp. p. 11 6 and a boYe), and the correlation mentioned seems highly 
probable ind eed . The vegetation known from the Netherlands was similar, bul Alnus 
occurred th ere (p. 121 ). Pinus silveslris apparently immigrated lo England already a l 
th e beginning of th e inlerslacl ial , as it also did in th e Neth erl ands (p. 121), and a 
Betula zo ne is absent. A radiocarbon dale from Chelford will be mentioned in chap ter 
\'III . 

It may appear from the survey aboYc, th at certai nly early post-Ecmian inlerslad ial 
deposits occur outside of Denm ark and th e Neth erlands al Loopsledl, Harksheide, 
OrcI, North Friesland and Neddcn Averbcrgen in Germany, and al Horoszki in Poland 
(see also fig. 11) . The correl ation of the inl erslad ial deposits al Loopsledl and Hark­
shcide with th e Brerup Interstad ial can be consid ered to be reasonably certain. At 
Ore), Nedden Averbergcn and Horoszki l\\'O inlerslad ials seem to be represented, and 
they may correspond lo th e Amersfoorl lntersladial and a part of the Brorup lnler­
sladial. 

The other deposits mentioned above arc nol related to a deposit with an Eemian 
Interglacial succession and ca nnot be dated exaclly by their vegelational developments. 
The deposi ts at Liineburg, Grube Marga and Aue in Germany, al sciejowice, I<.:i ty and 
Ziemb6wka in Poland , and at ChcHord in England may be referred to the Brorup 
Inlerstadial, due lo th eir vegetational conditions, but this assertion cannot be considered 
to have been proved. 

9 



nn. RADIOCARBON DATES 

Palaeobotanical investigations of posl-Ecrnian sequences from Northern Europe have 
been mentioned in the preceding chapter. The most complete vegetational successions 
are the ones from Denmark described in the present work , and th e sequence from the 
Netherlands studied by ZAGWIJN (see chapter VII). From th ese results it appears that 
the Eemian Interglacial in Denmark and the Netherlands terminated with a sub­
stantial temperature decrease. The entire int erval which separa ted the Eemian Inter­
glacial from the Postglacial may be considered as the \Vcichsclian Glacial (seep. 114). 
The Wcichscli an Glacial began with two cold intervals with arctic or sub-arctic con­
di tions, separated by a rather short interval with a so mewhat warmer climate, the 
Amersfoort (Rodeb1ek) Interstadial. After the second cold interval followed a rather 
long, warm interval with a temperate climate, the Brorup Interstadial. The Amcrsfoort 
(Rodebrek) Intersladial 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 Brnrup lntcrstadial, and 
it is only known that this interstadial was followed by the maximum of the Wcichselian 
glaciation. In the Netherlands, the record shows that the Brorup Interstadial was 
followed by a cold interval. 

No moraine stages from North ern Europe may be referred to the cold intervals, 
which p receded the Brorup Intcrsladial. The Weichselian moraine stages known from 
Denmark, Northern Germany and Poland arc of a later da te, and the classic \Vcichsc­
lian glaciation , and its correlatives in Cen tral Europe, the Wiirm moraines, arc younger 
than the Brorup Interstad ial. 

Attempts to date samples in the age range above 30- 40 000 years ago by the radio­
carbon method were carried out especially by DE VRIES in the years up to 1959. The 
original acti vity of such samples is small, and th e res ults are, accordingly, easily 
affected by contaminations of various kinds. Thus DE VRIES (1959) stated that 1 per 
cent only of recent carbon added to a 37 000 years old sample will make the sample 
5 000 years younger . The difficulties arising from contaminations of this kind will 
appear clearly from the works of DE VRIES (1958, 1959). In addi tion to trivial contami­
nants such as modern rootlets and young material admixed in other ways, infiltrated 
substances, especially humus, have proved to aJTect the results seriously (DE VRIES 1. c., 
TAUBER and DE VRIES 1958). For such reasons radiocarbon dates in the age range 
above 30 000- 40 000 years may be considered rather to be m inimum dates (see TAUBER 
and DE VRIES 1. c., DE VRIES 1. c.). A contamination with older material, on the other 
hand , is not as serious. DE VRIES (1959) slates that 100 per cent of old inactive carbon 
arc needed lo make a sampb of 37 000 years' age 5 000 years older. 

Considering the facls mentioned above, it follows that radiocarbon dates in the said 
age range should be considered cau tiously, 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 Heming, Rodebrek I and Brorup 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 
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observed at any time, and are unlikely to have occurred, as all of the deposits in question 
have b een covered by a layer of stagnant ground water collected in the shallow bowl 
formed by th e peat and gyllja deposits (sec c. g. the sections in J & M 1928, plates VIII, 
XIII , and XIV, and th e present work, plate VIII). However, the deposits a rc situated 
so close to th e surface, th at infiltration of humus during the Postglacial cannot be 
excluded. At th e time o[ deposition, th e la kes co ntained no carbonates, and no old 
ca rbon derived from such a so urce can occur. Hebcddcd material is insignificant or 
absent in th e sampl es dated. 

The dates obtained a t Heming (Y-257 and Y-258-3, sec below) are so in co nsi stent , 
th a t it must be assum ed that some kind o[ false activity was measured in Y-257 (cp. 
BARENDSEN et al . 1. c., th e sample was not pre-treated for removal of humus). 

Non-pretreated samples from BP 1 at Brorup Hotel Bog contained a slight activity. 
This acti vity may have been clue to infiltrated young humus (TAUBER and DE VRIES 
1. c.). The elates from BP 1 m enti oned here were m easured after a pre-treatmen t of the 
sa mples with acid and alcali for remova l of soluble com ponents. As the samples from 
BP 1 were too small for furth er in ves tigations, new m aterial was collected with a la rger 
sampler (BP 1 a and l3P 2, see also p. 12), and made available to DE VRIES . Un ­
fortunately, DE YRIES did not co mmunicate details abou t his investigation of th e samples, 
but it must be assumed that th ey were subj ected to a thorough pre-treatment befo re 
the dating. The acliYity of th e samples was enriched according to th e m ethod developed 
by HARING, DE VRIES and DE VRIES (1958). According to this method th e original 
actiYily of the samples is enriched by passage through long di!Tu sion columns. The 
degree of isotopic enrichm ent may be measured, and in thi s manner th e original 
ac tivity of sa mples oth erwise loo old for radiocarbon assay may b e measured. The 
method is elabora te, but it makes ii possible to obtain finite dates for samples in the 
age range up lo 70 000 yea rs ago. The dates GRO-1729 a nd GHO- 1470 below were 
measured on enriched sampl es. These dates arc co nsidered rather reliabl e, 

The following radiocarbon dates were obta ined (indi cated in yea rs before present), 

Heming : 
BP 5 

Rodebmk I: 

Poll en zone W 3 a 
Pollen zone \V 2 e 

(4.G2- 4.73 m.) 
(5.05- 5.1 2 m .) 

Y-257 
Y-258-3 

BP 57 m. Pollen zone W 2c (2 .99- 3. 10 111.) Y-259-1 

See BARENDSEN, DEEVEY and GRALENSKY (1957) . 

Brorup Hotel Bog: 
BP 1 Pollen zone W 3 d- e (2.85- 2.90 m.) GRO-1264 

Pollen zone W 3 c- d (3.37- 3.48 m.) GRO-1263 
Pollen zone \N 3 b (3.96- 4.08 m .) K-526 
Pollen zone W 2 a (6.81- 6.91 111 .) GRO-1256 
See TAUBER and DE VRIES (1958). 

BP l a Pollen zone W 3 c GRO-1729 
BP 2 Pollen zone W 5 b- c (2.64- 2. 70 m.) GRO-1466 

Pollen zone W 4 (3 .22- 3.30 m .) GRO-1470 

See ANDERSEN, DE VRIES and ZAGWIJN (1960) . 

19 580 ± 730 
> 30 000 

> 30 000 

> 50 000 
> 50 000 
> 40 000 
> 50 000 

58 740 ± 1000 
> 50 000 

59 430 ± 1000 

Disrega rding the date Y-257 (see above), it may be concluded that all of th e samples 
dated pre-date 30- 40 000 years ago. The two finite dates obtained from the enriched 

9• 
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samples (zone \\T3c, 58740 ± 1000, and zone W4, 59430 ± 1000) do not clilJer, 
considering the statistical error, to which must be aclclecl error induced by the enrich­
ment and measurement of th e enrichmen t, amo unting Lo abou t 800 years (HARING el al. 
I. c.) . The sample from zone W 3 c is actually th e older one, bul th e Lim e clilTercnce of 
th e Lwo samples may have been rather short only. 

The pollen zones W 3 c a nd W 4 belong Lo a med ium part of the Brerup Inlcrslaclial. 
II appears, acco rdingly, lhal this Interslad ia l occ urred al about 59 000 years ago . T he 
length of th e whole Lime interval represen ted by Lh e inlerslad ial is unknown , bul il can 
hardly have been less th a n a few thousa nd years. The next finite radiocarbon dale 
known from Denmark derives from a lower part of the ]ale \Vcichselian Allerod lnler­
sladial, th e age of which is 11 880 ± 340 yea rs (K- 106, ANDERSON, L EVI and TAUBER 
1953, IVERSEN 1953, I<noG 1954). The Allerod lnlcrstadial was preceded by the Bolling 
lnlcrsladial, the age of which in Lbe Netherlands is about 12 300 years (DE VHIES, 
BARENDSEN and WATERBOLI, 1958). Hence, an interval of nearly 50 000 years intervened 
between th e Brorup Interstadial and the late Wcichselian interstadials. About this 
interval, in Denmark , we only know that it contained the maximum of the \Veichsclian 
glaciation. 

Palaeolcmperature curves for the Wcichsclian Glacial in Denmark and the Nether­
lands based on palaeobotanical data and on radiocarbon elates were presented in 
ANDERSEN, DE VRIES and ZAGWIJN (1960). The curves are reproduced in fig . 12 (with 
a few corrections). In the Netherlands, the Amersfoor t (Rodebrek) Intcrsladial was 
dated at 64 000 ± 1100 years ago (GRO- 1397, enriched sample). IL is thus suggested 
th at lhc cold subslage, which separated the Amcrsfoorl Inlerstad ial from th e Brorup 
lnlerstacl ial lasted for about 3000 years. The length of th e cold substage,.which separa ted 
th e Amersfoort lnlersladial from th e Eemian Interglacial is unknown, but by extra­
polation il may be estim ated that the Eemi an Interglacial ended a l nearly 70 000 years 
ago. The length of th e en lire Wcichselian Glacial was thu s probably about 60 000 yea rs. 

In the Netherlands, Pleni-Glacial samples recording an arcl ic clima te (ZAGWIJ N, in 
ANDERSEN et al. 1960) were dated at 32 000- 46 500 yea rs before present (DE VRIES 
1958, DE VRIES, BARENDSEN and W ATERBOLK 1958, ANDERSEN et al. 1960, sec fig. 12). 

In Sweden rad ioca rbon dates at > 24 000- > 40 000 years before present were ob­
tained for samples from Oje, Bollniis, Boliden, Pilgrimstad, V:Hbacken near Storsjon , 
and Lule:1 (see especially L UNDQUIST 1957, OSTL UN D 1959). The dales indicate that 
the deposits in qu eslion (cp. pp. 122- 125) antedate the maximum of the Weichselian 
glaciation . 

Several radiocarbon dates from the interstadia.l deposit a t Loopstedt, North Germany 
(seep. 125), proved later on to be loo young due Lo co ntamination with recent roollets 
(DE VRIES 1958). One date, a t 50 000 ± 2000 years ago (GRO-1365), was assumed to 
be more reliable by DE VRIES (I. c.) . The sample corresponds presumably lo the 
pollen zones W 4 or W 5 at Brerup (p. 125). The dale appears tu be too young, and it 
should probably be considered a minimum elate, rather. 

From the famous Mousterian site at Lebenstedt in Northern Germany a gyttj a and 
humus sample was elated at 48 300 ± 2000 years ago (GRO-1 219, DE VRIES 1958). 
According to PREUL (1953) and RICHTER (1953) the find horizon, which contained th e 
gyllj a and peal layers, is included in a series deposited under cold conditions, and 
solifluclion phenomena occur below and above the horizon, but the sequence cannot 
be referred to any definite substage of the Weichsclia n Glacial. The pollen analysis by 
SELLE (1953b) is preliminary only. These data and the macroscopic plant remains 
(PFAFFENBERG 1953) suggest th at the vegetation of th e area was arcli c or subarctic. 
Hence, the radiocarbon elate derives from a cold interval , or from an interval with a 
very slight tempera ture ri se. H the date is correct, the cold inten ·als postdate the Brorup 
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Fig. 12. Climatic curves and radiocarbon dates for the Wcichselian Glacial in Denmark 
and the Netherlands (from ANDERSEN , DE VRIES and ZAGWIJN, 1960, with a few corrections) . 

Klimakurver og C- 14 dateringer for \Veichsel Istiden i Danmark og Holland 
(fra ANDERSEN, DE VRIES og ZAGWJJN, 1960, med enkelte rettelser). 

Interstadial , and it is suggested that the Br0rup 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 th e main mud bed of the interstadial deposit at Chelford, 
E ngland (p. 128), was elated at 57 000 years ago by DE VRIES (enriched sample, see 
SIMPSON and W EST 1958). This el a te is consistent with the correlation of th e deposit 
with the Brnrup Interstacl ial mentioned on p. 129. 

An in teresting " old" r ad ioca rbon el ate, at 65 000 years ago (enriched sample), was 
obtained for a log of Abies alba from the Agro Pontino nea r Rome (BLANC 1958). In 
the profile from the Agro Pontino (sec BLANC 1938, T oNGIORGI 1936, BLANC, SEG RE and 
ToNGIORGI 1953) a beach deposit from th e Tyrrh cnian II transgression (with shells of 
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Slrombus bubonius) is found al 5 m. above the present sea level. Above the beach deposit 
fresh-wa ter peals occur, which contain a warm-temperate forest flora (Carpinus belu/11s, 
Quercus, Taxus baccala, Fogus silvalica, Vilis vinifera i. a.), and, al a higher level, 
remains from an Abies forest vegetation. Abies alba occurs lo-day in Italy above altitudes 
of 800- 900 m., and the profile reilecls a climatic deterioration following upon th e 
Tyrrhenian transgression . The radiocarbon dale is older th an th e dales from the Brerup 
lnterslad ial and is about the same as the one obtained for th e Amersfoort Intersladial. 
The profile from th e Agro Ponlino docs not reilecl th e minor climatic oscillations, and 
ii may be assumed that the Abies trunk derives rather from one of the early Wcichselian 
cold intervals, which preceded the Brorup Interstadial in the Netherlands and in 
Denmark. At Agro Pontino a still colder interval is recorded above th e Abies forest 
horizon. It is presumably contemporary with the maximum of the ,veichselian glacia­
tion in Northern Europe (cp. BLANC 1. c.) . 

EMILIANI (1958, and earlier) constructed a curve fo r 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 EMILIANI (I. c.). The topmost part of the temperature curve (back to about 
20 000 years before present) was dated with radiocarbon measurements, but the older 
absolute dales indicated on the curve by EMILIANI (I. c.) were extrapolated assuming 
a constant rate of sedimentation. The temperature minima correlated with th e last 
glacial stage by EMILIANI (1. c.) occur between - 10 000 and - 70 000 years. If that 
correlation is correct, the temperature minimum between - 60 000 and - 70 000 years 
(EMILIANI 1. c., stage 4) corresponds probably to th e cold interval, that separated the 
Eemian Interglacial from the Brorup lnterstadial. The temperature decrease from the 
assumed Eemian Interglacial to this temperature minimum amounts to 6- 7°C. The 
Brnrup Interstadial is probably recorded in the temperature maximum found in 
EMILIANr's curve between 50 000- 60 000 years ago. Here the temperature increase is 
5- 6°C. A possible equivalent of the Amersfoort (Rodebrek) Intcrstadia1 is not apparent 
in EMILIANr's curve. Such a rather short oscillation may have become smoothed out 
due to mixing of the bottom sed iments at the time of deposition. 
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Table 27. Photo-micrographs. 
M ikrofotografier. 

Photo-micrographs of pollen and spore finds from the zones v,.r 1- \,V 5 are on file at the 
Geological Survey of Denmark . 6- 8 optical sections of each pollen grain or spore were 
photographed (LEITZ apochromatic objective, n.a. 1.32), and enlarged 1000 x. Phase 
cont rast eq uipment (LEITZ achrom atic objective, n.a . 1.25) has been used in add ition, where 
useful. O nly a few of the photo-micrographs can be reproduced here (see the p lates I- IV), 
a nd in most cases several photo-micrographs of each find will be necessary for showing the 
features necessary fo r a n identification. All the finds photographed a re lis ted below, with 
their DGU file numbers. 

cf. Adonis ............ . . . . .. .... . ...... . 
Allium cf. schoenophrasum . . . .. .......... . •..... 
Anemone .............................•.. . ... . 
An lhyllis . . .. . . ... ... . .. ...... . .............. . 
Armeria marilima .. . .... ... . . . .. ...... . .. . . . . . 
Arcloslaphylos alpina .. . . . . . .. ... . .... . ....... . 

uua-ursi . ....... .. . . . ... . . .... . . . 
As/raga/us alpinus . .... . ............. ... .. . . . . . 

campeslris type . ... . ....... . ........ . 
danicus . .............. ..• ..... . ..... 
frigidus . ..............•.•........... 

Azolla filiculoides . .. . ......... . ... .. . . . .. . .... . 
Bis/or/a ...... . ..... . .. .. .... .. .•. ............ 
Bupleurum .................... .. . ... . . .. .. .. . 
Callilriche ..... . . ... ... .............. . ....... . 
Campanu/a ....... ... . . .. ... ..... . .. . ..... .. . . 
Cassiope hypnoides . ... . ....................... . 
Cenlaurea scabiosa . ................ . .......... . 
Ceraslium-Stellaria ... . ..... . .. .. . . . . . . ... . ... . 

Chamaenerium anguslifolium ........ . ... . ...... . 
Cytisus nigricans ............................ . . 
Dian thus .. ... ......... . .. ... ......... .... . . . . 
Drosera inlermedia .. ............... .. . ... . .. . . . 
Elisma nalans . . . . ...... . ........ .. .. . ...... . . 
Empelrum hermaphrodilum .................... . 
Ephedra dis lachya ... . .. . . . ............ . . . . ... . 

cf. slrobilacea ......... . ....•.......... 
Epilobium ................ • . ......... • ... .. . .. 
Erica lelralix ...... . ....... .. ......... . . . .. .. . 
Euphrasia-Rhinanlhus ......•....... . .. . .... .. . 
Fragaria .............. . . .................... . 
Genis /a .. . . ... .. .. . ...... . .. . ... .. . .. . . . . . . . . 
Gen liana amarella type ... . ............ . . ...... . 

pneumonanlhe . .. . ................... . 
Geranium ... . ... . . . ... .. ................ .... . 
Geum ........ ... . .. . ..........•........• . .... 
Gypsophila . ........... . ........ . ............ . 
Helianlhemum oelandicum type .. . ..... . . .. ... .. . 
Jasione m onlana . . ... .... . . . .... . .. . .. . . . .. .. . 
Larix . ... ................ .. . .. ............. . 
cf. Lilhospermum aruense . ........ .. .. . . ....... . 
Lillorella uni/Tora .... . . ... . .. . ........... . . .. . 
Lobelia dorlmanna ..... .. ....... .. . .. . ....... . 
Lonicera xylosleum ..................•......... 
Lotus ........... . ............... . ........... . 
Lycopodium annolinum . ..............•......... 

alpinum-comp/ .. ........ . . .......... . 
claualum ... . . .. ............. ...... . 
comp/. ssp . cham .. .. . .... . .......... . 

Lysimachia lhyrsiflora ... . . ........... . .. ...... . 
Ma/us silueslris . .... .. ................ . ...... . . 

a 1224, 1544 
a 120 1, 1202, 1601 
a l011 , 122 1, 125 1, 1384 
a l 353 
a 1405, 1464, 147 1, 1553, 1561 
a 16 11 
a1404, 1462 
a 1045, 1363 
a 1431 , 1434, 1441 
a 1121 , 1412 
a 14 11 , 1662 
a 158 1 
a1203 
al ll2 
a l 111 
all8 1, 1472 
a l 45 1 
a 155 1 
a1062, 1071, 1083, 1084, 109 1, 1092, 

1252, 1351 , 137 1, 1381, 1511 
a l 513 
a1362, 1413 
a 1063, 1074, 1352 
a l 54 1 
a ll0 l , 1102, 1631, 1641 , 1642, 1651 
al403 
al 194 
a 1095 
a15 14 
a 1452, 1461 
a1504, 1653 
a 152 1 
a 1474 
a 1014, 1421, 1422, 1424, 1463 
a 1093 
a 1232 
a1272, 1312, 133 1 
a 1072, 1344, 1492 
a ll03 , 1324 
a1473 
a 161 3 
a 1264 
a 11 23 
a l 322, 1574 
a l01 3 
a 104 1, 1391 
a l 334 
al 182 
a1184 
al 183 
a 140 1 
a 1372, 1682 
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Melandrium ................................. . 
Mercurial is perennis . .................•......... 
.'Jyriophyllum spicalum . . .......... • .......•.... 
Osmunda cf. cinnamomea ...................... . 

regalis .. . ............. . . . ........... . 
Parnassia paluslris ... ..................... . . .. . 
Plan I ago lanceolala . .. . ... .. .. . . ... .. .... ..... . 

marilima s. I. .. . .......... ...... . . ... . 
media ............... .. . . ........... . 

Polemonium . . . .............. • .............. . . 
Polygonum amphibium ........................ . 

aviculare type ...................... . 
convolvulus type ................. . . . . 

Prunus ... .... ..... ..... . ....... . ....... .. .. . 
Ranuncu/us acer type .. .. ............... . ..... . 

lrichophyllus type ..... .... .. . .... .. . 
Rosa . . ..... . . .. ............................ . 
Rubus arclicus ......................... .. ... . . 

chamaemorus . . . .... ..... .. .. .......... . 
{rulicosus . .......................... . .. . 
idaeus . .. .........................•.•... 
saxalilis ....................... . ..... . . 

Rumex acelosa . ..................... . . . ...... . 
aqualicus-hydrolapallwm . ............... . 

domeslicus type ................... .... .. . 
Sagina nodosa ... . .... . ........ . ........... .. . 
Sanguisorba minor ....... . . . .. . ... ............ . 

o{ficina/is ........................ . 
Sc/eran lhus perennis ........... • ............... 
Sedum . . . ........ .. ..... ............ .. . . .. .. . 
Solanum dulcamara . . ...... ................. . . . 
Silene-Arenaria type . .... ....... ... .......... . . 
Slellaria holoslea . .......... . .... ... .......... . 
Swerlia perennis .. ..... . .. ..... . . . . ...... ... . . 
Symphylum .. ....... .. . ......... .... . ....... . 
Teucrium monlanum . . ..... . ..... . ... . ....... . . 
Tri{olium alpesfre . . .... .. . ....... .. . ...... .. . . 

arvense .. .......... ... .. .. .. ...... .. . 
Trollius europaeus . .. . .... ......... . ....... • ... 
Typha-Sparganium type ....... . .. . . ........... . 

a1612 
a1012 
a1393 
al 192 
a1614 
a1104 
a 1124, 1125, 1481, 1482, 1483, 1484. 

1563, 1632 
a1131, 1485, 1543, 1633, 1674 
a 11 32 
a1094 
a1515 
a 1211 
a1573 
a1273, 1321 
a1223, 1383 
a1225, 1261, 1392 
a 1552 
a1271, 1542 
a1341, 1342 
a 1582 
a 1382 
a1311, 1313 
a 1571 
a 1661 
a1204 
a1214, 1512 
a l 253 
a1343 
a 121 2 
a1243 
a1 122 
a1073, 1075, 1082 
a1061, 1213 
al191, 1242, 1423 
a 1113 
a1534 
a 1263 
a 1432, 1433 
a 1205, 1231 
a1323, 1491, 1592 
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Depth, m. 

Abies alba . ........... . . .. ... . .. . .............. . 
cf. Adonis .. . . .. . ..... . .. .. ....... .. ... ... . . .... . 
Anemone . ...... . .. .. .. . .... . .................. . 
Anlhyllis vulneraria ........................... .. . 
Armeria marilima . .. . . . . .. .. ... ... ....... .... ... . + 
As/raga/us campeslris type .... ....... .. . .......... . 
As/raga /us danicus ...... . . .. ........... .. .. . . . .. . 
As/raga/us (rigidus ...... . .... . ..... ..... .... . ... . 
Bolrychium lunaria ................. . ............ . 
Bupleurum ........ . ............. . ............. . 
Buxus sempervirens . ............................. . 
er. Cassiope hypnoides . .............. . ...... .. . . .. . 
Ceraslium-Slellaria . . . .............. . . . ....... .. . . 
Chamaenerium angusl i(olium . ...... . .............. . 
Cirsium . ......... . ..... . ......... . ............. . 
Cy iisus nigricans . . ...... . ....•............... ... . 
Dianlhus ..... . ......... . ........ .... .......... . 
Ephedra dislachya .................. • . • ....... . .. 
Ephedra cf. slrobilacea . ........ . ..... .... .. .. .... . 
Epilobium .................. . .................. . 
Erica lelralix .. ....... ............ .. .... ... ... .. . 
Euphrasia-Rhinanlhus . .................... . ..... . 
Genis/a ......... . .. . . .. .......... . .. . . .. ... .... . 
Genliana amarel/a type .......................... . 
Gen liana pneumonanlhe . ... .. ... . . .. . . .. . ........ . 
Geranium ..... . .............................. . . . 
Gypsophila . .. . .. . .. . .. .... . . ................ . .. . 
H edera helix . ............ ........ ........ . . ... . . 
Helianlhemum er. oelandicum . ............. . . .. . .. . 
Hippophae rhamnoides .. ......................... . 
J/ex aqui(olium . . . .. .. ...... ... .. . . . ...... . . .. .. . 
Jasione monlana . .... . .... . ...... . . ............. . 
Linum auslriacwn type .... . ...................... . 
cf. Lithospermum arvense . ... . .................... . 
Lonicera periclymenum . .. . .... ............ . ... ... . 
Lonicera xyloslewn . .. .. . . ..................... . . . + 
Lycopodium comp/. ssp. cham .. ... ... . . . . . . ........ . 
Ma/us silves lris . ............... . ........ .. .. .... . 
Men/ha type .. . ................................ . 
Mercurio/is perennis .......................... ... . 
Myrica gale ...... . .......•...................... 
Ophioglossum vulgalum . ....... .......... ... . . . . . . 
Parnassia paluslris ................ . .... .. ... .... . 
Polemonium .. . ... .. . . .. .... ... ... ...... ..... . .. . + 
Po/ygonum aviculare type ... .. ..... . . . .. . . ....... . 
Rosa ....... . ............ . . . ... .. .... . ... .•... •• 
Rubus arc/ icus ......... . . .. . . . . .......... ....... . 
Rub us (rut icosus . .... . .. . ........................ . 
Rubus idaeus ..... . ............................. . 
Rumex domeslicus type . ...... . ................ . .. . 
Sagina nodosa . ...... .. ... . ....... . . .... ........ . 
Sanguisorba minor ...............•............. .. 
Scleran lhus perennis . . .. .... . .... . .... . . . .. .... .. . 
Sedum . .... .. ............• . . . .. . . . ..... .. ...... 
Se/aginella selaginoides . . .......... ... ....... . . . .. . 
Silene-Arenaria type . ... .... ........ .. . ....... .. . . 

+ 
1 

3 
+ 

+ 

+ 

+ 

+ 

Table 28. Brorup Hotel 
The figures indicate numbers of pollen 
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Table 28 (continued) 

Depth , m . 

So/anum du/camara ... . . . . . . . ... .... .. ....... . . . . 
Sorbus aucuparia .. . ..... . . . . . . . . . . ... . . . . .... . . . . 
Slachys ... . . . ..... .. .. . . .. . . . . . .. .. . . . . . .. .... . 
Sle/laria halos /ea .......... . . . ........ . .. .. . . .. . . . 
Swerlia perennis . . . . .. . . . .. . . . . ..... . . . .... .... . . 
Symphylum .. . .. .. . . .... . .. .... . . . . ... . . ... . ... . 
Tri{olium a/pest re . .. . . . .. ..... . . . .... .. . . . .. . . . . . 
Tri{olium arvense . . . . .... . . . .. ... . .. . . .. ... . . .. . . 
cf. Vaccaria . . .... . .. . .. . ..... . ..... . . . ... . . . . .. . 
Vaccinium type .. ... ..... . . . . ... .. .. . ... . ... . . . . . 
Valeriana o{[icinalis s. I. . . . .. .. . .. ... . .. ... . . .. . . . 
Veronica . . ..... .. ......... . ........ . . . . . . . . . ... . 
Vicia-L alhyrus . . .... .. . . ... . . .... ... ...... . .... . 
Viscaria . .. . ..... . .. .•. .. . . . . . ... .... ...... . .... 

Heracleum') . . . .. .. .. . .. . ... . .. . . ... . . . ...... . .. . 
Hippuris .. . . . ..... . . . . . . . . . ... . . . . . . .. .. . . . . . . . . 
Hydrocolyle vulgaris . . . . . . . . . . ... . ... . . .. . . . . ... . . 
Iris pseudacorus . ...... .. . . . . . . . . . . . . . . . . .... .. . . . 
Lillorel/a uni/lora . . . .. . . . . . . . . . .. . .. .. . . .. .. . . . . . 
Lobelia dorlmanna . . . .... . . . .. . . .. .. . . . .. . . . .. .. . 
Lylhrum salicaria .... . . .. .. . . .. .. . . . ..... . .. . . .. . 
Polamogel. sect. Coleogelon . .... . . .. . .. .. .. ... . ... . 
Rumex-aqualicus-hydrolapalh . . . . .. . . .. . . . . . . . • .. ... 
Typha lali{olia .. . .. . ...... . . . .. . .. • . . ... . . .. .. .. 
Valeriana dioica .. . . ... . . . ... . . . . .. . ... .... . . . . . . 

Pedias lrum 2
) . • ..•• •• • •• . • • •• . • • • •. • . • • • .•• • • • • .• 

' ) Omitted from the poll en totals. 
2) + ind ica tes presence in the sample. 

+ 

+ 

+ 

2 
+ 

+ + 

+ 

+ + + + + + + + 
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+ .. ..... . .... ...... .. .. ... . ......... . .. ........ .. ..... . 

. . . . . . . . .. . . .. .. . . . . . . . . . . .. . . .. . . .. .. . . . . . . . . .. .. . . . . .. .. .. . . l . ... 
. . . . . . . . . . . . . . [2] . . . . . . . . . . . . . . . . . . . . . . . . + . . . . . . . . + . . . 2 .. 

. . • .. •. I •. . • . . . . . . . . . . • . .. . . 1 .. + .. . . . . . ... 

.. .. .. .. .. .. .. . . .. .. .. l . . ... . . . 
+ . . . . 1 . . . . . . . . 1 

.. . . . ... 2 ... . ..... . . . .. 2 .. 11 .. 1 ... . ... . l .. .. . .... . .. . . . .. .... . 

. . . . . . . . . . . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . 1 . . . . 

.. .. .. .. . . .. .. .. .. .. .. + ... . ..... . ....... . ..... . ....... . .......... . . 
•··· ·· •• + ••······· · 111 ... . .. ........ . .... . .......... . . + ..... . . . 
.. .. .. . . .. I . . . • . ..• • . + ... . ...... ... .. . .. .............. ...... ..... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 1 . • . . 

. . . . . . .. .. .. .. . • .. .• . . .. .. . . . . I .....•........ . . .. •......... . ....••. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . [1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .. 

+ .. .. .. ·• ......... . .... .. .. ·• ....... . .. .. ......................... . 
. . . . . . . . . . • . . . . . • . . . . . . . . . [ 1] . . • . • . . . . . . . . . . . . . . . . . . . 1 .. 
. . . . . . . . . . . . . . . • . . . . . . . . 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 
+ ..... . ... ... .. . . .. .... .... .. .. ... .. . .... •· ..... . ..... . ... . ....... . 

+ . . ++-'-++++++++++ !-+ ... . +++ .. .. ....... . . . 
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Table 29. Brorup Hotel Bog. BP 2 (STA). 
The figures indicate numbers of pollen grai ns or spores. [ J probably derived. 

Tallene angiver antal af pollenkorn og sporer. [ J sandsynligvis omlejret. 

Depth, m . 

Acer ................. . . .............. . 
Abies alba ... . . .. .. . .. .. .. .. . . ... . .... . 
Armeria marilima . ...... . .•.......... . . . 
Bis/or/a . .... . .. . . .. .. . ... . . ..... . .•... 
Botrychium cf. lunaria . ... . ....... . .. . . . . 
Ceraslium-5 /el/aria . . . .. .. .............. . 
Chamaenerium angustifolium . ..... . .. . . .. . 
c~~m . . .... . .. .... ........ . .. . . ... .. . 
c~~~ .... . . ... . .................. . . 
Empelrum hermaphrodilum ... . .. . . . ..... . 
Ephedra dislachya ......... . ... • ........ 
Erica lelralix . .... .. ...... . . . ... . .. .... . 
Galium type ....... . ... . ............... . 
Genis/a . . .. ............... . ........... . 

5 3 
1 .. 1 

2 1 
2 1 

1 .. 

Geranium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . + .. 
Geum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 .. 
Hedera helix. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Humulus lupulina . . .. . .... . . . . . .. ...... . 

2 

2 .. 

I/ex aquifoliwn ................ • ........ . . [1) 
Jas ione monlana . . . . ... . ....... . ... . .. . . 
Liguliflorae . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Lo/us corniculatus. . . . . . . . . . . . . . . . . . . . . . . 1 .. 
Lycopodium annolinum . ..... ... . . .. . .. . . 
Lycopodium claualum . . . . . . . . . . . . . . . . . . . . 2 1 .. 
Melampyrnm . ............ ... .. . ....... . 
Mercuria l is perennis .. . . ..... . .. . .. .. ... . 
Plan /ago media . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . 
Potent ilia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 . . 
Prunus ..... . .. . ......... . .... . ....... . 
Rubus frulicosus .. . ... . .. . . . .. ... .. . . . .. . 
Rubus iclaeus ................. . ........ . 
Sanguisorba officina /is .. . .. . .... . . ... .. . . 
Sor bus a11cuparia . . .. .. . ..... . . . .. . ..... . 
Tax 11s baccala . . .. ... ... . . ............. . 
Trollius eumpaeus . ......... • . ... • ....... 
T ilia ................... . ... .•..... . ... 
Vicia-Lalhyrus .. . ... . . . . .. .. . .. ... ... . . 

Ca/Iha palus lris') ... ... ....... ..... . ... . 
Elisma nalans .. . .................. . ... . 
Lillorel/a uniflorc, ....... ... . . ... .. ..... . 
Lysimachia thyrsiflora ........ . . . . . . .... . 
Ranuncu/us acer type .. . ....... . .... . ... . 

1 
2 

1 
2 .. 

1 .. 

1 .. 
2 

Pediaslrnm 2
) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • + .. 

1) Omitted from the pollen tota l,. 
2) + indicates presence in the sample. 

1 .. 

1 .. 

1 .. 

1 .. 

1 .. 

1 .. 1 .. 

1 .. 
1 

. . [1] 

2 

2 2 

1 
.. [l] 

2 

2 
2 
1 

[2] . . 

1 
2 

2 

5 

+ + 



Table 30. Rodeb::ek I. 
Th e fi gures indi ca te numbers o f po ll en gra ins and spores. [ J presumably deriYed. 

T::i llene angiver ::i nta l a f polle nkorn og s porer. [ J s::i ncl synligv is o ml ejre t. 

Dep th, m. 

er. Adonis .. ..... ..... . . .. .. . 3 
Ajuga rep /ans .... ....... . . . . 
Ane1none . ....... . 
Anlhyllis vulneraria ......... . 
Arcloslaphylos alpina . . . . ... . . 
Armeria marilima. 
Bis/or/a ................. . . . 
Bolrychium cf. lunaria . . . 
Buxus sempervirens . ... .. .. .. . 
Cenlaurea scabiosa ... . . . . .. . . 
Cerasliwn-Slellaria . ..... . ... . 
Chenopodiaceae . .. . .... ... .. . 
Cirsium .. . ... .. .. ... . . .. . . . . 
Cruciferue . ........ . ..... .. . . 
Ephedra dislachya ..... . .... . 

cf. slrobilacea . .... .. . 
Epilobium . . .. . . . ... . 
Erica letrali.r ............... . 
Fagus silvalica .. . . ... ... ... . . 
Frangu/a alnus. 
Genis /a ....... . 
Gen liana amarella type .. .. .. . . 
Ceum ..................... . 
Geranium .... . . . . .. .... . . .. . 
Cupsophila . ................ . 
J-/cdera helix . ........ .... .. . 
J-/ippophai! rlwmnoicles . .. . .. . . 
Liguliflorae ......... . 
Lycopodium a/pinum -compl . . . . 

clavalum .. .. .... . 
comp /. ssp. chcw1. . . 
selago . . ..... .. . 

Ma /us silveslris ....... . . . ... . 
Me /ampyrum . .. .. .. ........ . 
Melanclrium . ........ . . 
Men/ha type ...... .. ....... . 
Mercuria l is perennis . ....... . . 
Myrica gale . . . .. . ..... .. .. . . 
Ophioglossum vulgalum . . . .. . . 
Plan/ago media . ... . . ... . . . . . 
Po/ypodium vulgare .. . . .... . . . 
Populus lremula .. .. .. ... .... . 
Polen/ilia . .... .. . . . .. . .. . . . . 
Pteridium aquilinum . ... .• .... 
Rubus arc licus . ......... . . . . . 

idaeus ............... . 
sa.xalile . .......... . . . . 

Sanguisorba officinalis . ... . . . . 
rninor ..... .. ... . 

Sa/ix h erbacea . .. ....... . ... . 
S tellaria halos/ea .. .... . . . ... . 
Teucrium mon lanum . .. . .•.. .. 
Thaliclrum . .. . . .. . . ..... . .. . 
Thelyp leris dryopleris . ... . .. . . 
Tilia . ... . .......... . .... . . . 

2 + 

+ .. 
+ 
+ .. 

[, J 

1 . . 

1 . . 

. . [1) 

1 . . 
2 

2 
2 

1 .. 
1 .. 

1 1 .. 
3 2 .. 

2 

+ .. 
+ 

[ I) 

1 .. 
1 + .. 

1 .. 

2 

2 . . 

2 

+ 

1 

[ I) 
I . . 

1 

143 

2 + 

1) 

.. 
1) 

+ 

1) 

') 

') 

[+ ] 
[+ ] 

1 
.. 

2 
') 
1) 

1 . . .. 
+ 

1 .. 

') 
') 



14-1 

Table 30 (continued) 

Depth, m 

Trollius europaeus . ... 
Tubul i f/orae . . . 
L'lmus . . ... ...... • .. . 
Urlica dioica 

Ca ll ha paluslris') .... . . .. . 
Drosera anglica-roluncli{olia . . . . 

inlermeclia ... . .. . 
Hydrocolyle uulgaris ... . ... .. . 
Lysinwchia Lhyrsi{lora . ...... . 

c f. vulgar is . . .....• 
Jlenyanlhes lri{oliala . . ...... . 
Myriophy/lum ucrlicillalum 
Polamogelon sect. Eupolam ... . . 
Ranunculus acer type ........ . 
Rumex aqualicus-hyclro /aplh .. 
Va/eriana clioica ......... . .. . 

Pecliaslrwn') ..... .. ... . . 
Amphilrema {lava . ....... ... . 

') See the pollen diagram (1: Iate IX). 
') Omi llecl from the i;o ll en tota ls. 
3

) + indica tes prcseac e in the samp le. 

+ 
+ + 

2 

+ + 
+ + 

+ 

2 
+ 

+ 

+ 

+ + + + + 



Table 31 
(next page) 
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Depth , rn. 

Abies alba ..... . .. . .. .. . .. . . . 
Acer . ....... .. . . ... . .. . .... . 
Anemone ................. .. . 
Arclos/aphylos uua-ursi . . . ..... . 
Armeria marilima . ......... . . . 
Artemisia . . ....... . .... .. . . . . 
Bis/or/a ..... . . . ......... . . . . 
Bo/rychium cf. lunaria . ... .. . . . 
Buxus semperuirens . ........ . . . 
Ceraslium-Stellaria . . ......... . 
Chenopodiaceae ......... .... . . 
Cirsium ... .. .... . .......... . . 
Cruciferae . ............... ... . 
Ephedra distachya ....... .. . . . 

cf. slrobilacea .... . . . . . 
Erica tetra/ix . . . ............ . . 
Fagus silua tica ...... . . . ... . .. . 
Fi/ipendula . ..... . .... . ..... . 
Frangula alnus . . .... .. ... . .. . 
Fraxinus ....... . .. ... . . . . .. . 
Galium type . . ... . ... ... . .... . 
Genliana amarella type ..... .. . 
Geum-Sieuersia . .. . . .. ..... . . . . 
Gypsophila . . .. . .... . ... ... . . . 
Hedera h elix . . . .. . . .. ... . .. . . 
Humulus lupulina ..... . ...... . 
Liguliflorae ..... . . ... . ... . . . . 
Lonicera p ericlymenum. 
Lotus c f. corniculalus . ...... . . . 
Lycopodium annolinum ... . . . . . 

claualum ....... . . . 
selago ........ . . . . 

Ophioglossum uulga lum . ...... . 
Parnassia p aluslris . .... . . .... . 
Populus lremula . ... .. ....... . . 
Plan/ago lanceolata ....... . .. . 

marilima . .. . . ... . .•. 
media .. . ........ . .. . 

Polygonum persicaria type ..... . 
Polypodium uu/gare . . . ..... . .. . 
Potent ilia . ............. . . . . . . 
Rumex acelosa . .. . .. . .. . . .. . . . 
Rubus idaeus ....... . ....... . . 

saxa tile . ....... . .. . . . . . 
Sa /ix ..... . ............... •. 
Sanguisorba minor . ......... . . 

of(icinalis . ... .... . 
Selaginel/a sclaginoides . . . .. . . . . 
Stell aria halos/ea . . . ....... . . . . 
Taxus baccata . . . ... .. . ...... . 
Thalictrum .. ......... .. .... . . 
Thelypleris dryopleris . ....... . . 
Tilfu . .... . .. ....... ...... .. . 
Tubuliflorae . .. . . ...... . . . . .. . 
Ulmus ... . . ... . ..... . ... . . 
Umbelliferae ... . .... . . . .. . . . . . 

1 .. 

1 
1 . . . . 13 . . 

2 1 2 

. . + .. 
1 

8 3 1 3 2 
1 2 1 .. 1 

2 

2 

32 12 22 .. 
2 1 .. 1 

1 
16 

2 

1 
1 
1 

4 

1 
1 
1 
2 
1 

2 
.. 

5 

1 

2 

2 
1 

1 2 

5 4 

.. 
1 
2 
1 

.. 2 
3 3 

2 
1 
1 

.. 
1 

6 

1 

.. 

3 

1 .. 

.. 1 
4 

.. 
.. 

.. 

. . 

1 .. 

. . 

4 

1 .. 

1 . . 

.. 1 
·1 

. . .. 

2 

. . . . 
1 .. 
1 .. 

10 

1 .. 

2 

Table 31. Berning. BP 1 (STA), BP,, 
The figures indicate numbers of pollen grains 01 

Tallene angiver an tal af pollenkorn og sporer 

2 . . 
1 
1 .. 

1 .. 

1 
.. 4 11 

1 .. 3 1 
1 2 .. 

. . 

.. .. .. .. 

.. .. . . 

1 . . 
2 1 .. 

4 4 3 2 5 

1 
2 

2 .. 
1 

2 1 
1 

1 .. 

1 .. 
2 

. . . . 

3 

7 7 5 

2 

3 

1 .. 

1 . . 

1 
2 . . 1 

1 

1 
1 .. 

1 1 1 
3 2 2 1 

2 1 3 
1 
1 .. 

8 4 9 .. 
1 2 1 .. 

1 

1 . . 
1 
2 2 2 

. . .. .. .. 
8 4 1 

1 .. 

7 1 2 2 
.. .. .. .. 

2 
1 .. 

1 2 1 
3 3 4 2 

1 1 



STA), and DP 5 (STA), 7.80- 16.50 m. 
;pores . Derived pollen or spores are not mark ed. 
) mlcjret pollen og sporer er ikke m re rk et. 
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1 .. 

. . 1 • . . . 2 . . 1 . . 

I . . 2 
1 . . 

1 .. 

2 .. 
3 1 2 

1 . . 1 .. 

. . I 

2 .. 

1 . . 

1 . . 

I .. 
1 .. 

1 .. 

I .. 
. . 1 . . 

2 . . 2 

I . . 
1 .. 

2 . . 1 

2 

. . 1 
2 2 

3 .J. 3 3 2 2 5 3 4 2 

I .. 

1 . . 1 .. 

2 5 .. 
3 3 

I .. 

2 4 4 

1 .. 

2 

. • I 

1 I .. 

1 .. 

2 

7 
3 2 

2 1 .. 

2 7 2 
I 

2 

. . .... + 

2 5 
3 I 

2 .. 

2 

1 . . 

. . 1 . . . . ;i 

I 1 . . 1 .. 

6 7 6 8 

I 
2 2 

2 
1 

8 13 6 6 

1 . . 2 

1 2 . . 3 

,--------------- •) 

I 

. . 1 2 
1 2 
2 

2 

I . . 

4 

.. 1 

I 
2 2 1 
I 2 2 

2 .. 

1 . . . . 

1 .. 

4 2 
1 2 
1 1 

1 

1 .. 

1 .. 
2 .. 

- - ------------- •) 

5 4 2 3 5 7 1 7 4 12 

2 

2 
1 . . 

1 
1 
4 

2 6 2 2 
I . . 1 .. 
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Table 31 (continued) 

Depth, m. 

Urlica dioica ................ . 
Vaccinium type . . . . . ..... . ... . 
Vicia-Lalhyrus ......... .. . .. • 
Viburnum . ... . .... • ...•... .. . 
Viscum album ......... . . 
Vitis ......... . . . ..... . . . 

Azolla filiculoides') ..... . . 
Brasenia . . . . ......... . ...... . 
Ca/Ih a paluslris .. . . . . .. . .. . . . . 
Drosera .. ....... ...... . ... .. . 
Hippuris . ..... . . . .. .... ..... . 
Hydrocotyle vulgaris . .... ... .. . 
Li/lore/la uniflora ........•. • .. 
Lycopodium inundatwn . ...... . 
Lysimachia cf. vulgaris . ....... . 
Lylhrum salicaria . .. ... . .. . 
Menyanlhes lrifo/iala . ....... . . 
Myriophyllum a/lerniflorum . .. . . 

spica tum .. ..... . 
verlicil/alum ... . . 

Nuphar luteum . . . . . ......... . 
pumilum .. .. . . . .. ... . . 

Osmunda cf. cinnamomea . ... .. . 
regalis . .. ....... ... . 

Polamogelon sec t. Co /eog .. . . 
- Eupolam ... . 

Ranunculus acer type .... ..... . 
lricfwph. type . .... . 

Rubus chamaemorus ...... .... . 
The/ypleris paluslris type ...... . 
Trapa nalans ...... ......... . 
Typha latifolia . ..... . ...... . . 
Typha-Sparganium . ..... .... . . 
Valeriana dioica .... . ... .... . . 

1 . . 

1 . . 

11 15 

. . .. 
6 2 

2 
1 
1 

1 

5 

. . 
4 

Pediaslrum 3
) •• ••• ••• .••• . • • • • + + + 

1) Omitted from the pollen totals. 
') See the pollen di agram (pla te XIII) . 
•) + indicates presence in the sample. 

1 .. 

1 .. 

1 .. 
5 7 

7 

(l 

. . 

11 10 8 15 12 9 

. . 
2 1 .. 

+ + + + 

2 

1 .. 

3 3 

2 1 

1 
1 . . .. 1 . . 1 

2 3 4 2 .. 2 
2 2 2 .. 1 

1 
4 

1 .. 1 . . 

1 2 1 
10 11 2 9 (l 6 13 13 10 9 11 16 11 12 

2 2 4 .. 4 
1 .. 

+ + + + + .. + + + + + + 



.. 4 2 6 .. 

1 . . 6 

. . 1 

1 .. 

. . 1 . . 

. . 1 

1 
1 . . 3 

. . 1 

6 .. 2323 
3 2 

1 .. 
1 . . 

17 5 17 9 28 18 ll 16 10 12 11 15 9 5 3 9 5 15 11 2 10 . . t 

1 . . . . 
. . 2 .. 

+ + 

2 

+ + - T T + T + + T + + T + + + + 
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1 . . 
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-------------•) 

. . t 2 

. . 1 1 .. 

t .. 

1 . . 

2 1 . . 1 
. . 1 1 . . 2 

2 1 . . 

12 9 12 1-! 7 7 7 13 7 9 6 
.. + 

1 1 3 

+ T + + + + + + + + + 
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Table 32. Heming. BP 5 (STA), 2.95- 5.67 m. 
The Figures indicate numbers of pollen gra ins or spores. [ J probably derived. 

Tallene a ngive r anl:il af pollcnkorn og sporer. [ J sandlynligv is om lejret. 

Depth, m . 

Al/ium cf. schoenophrasum . .... . .. . 
Arctoslaphylos uva-ursi . ..... . .. .. . 
Armeria marilima . ... .. . . ....... . 
Aslragalus frigidus .... . ... . . .. . . . 
Bislor/a ............... . . .. .... . 
Bolrychium cf. lunaria . . ... . . . . .. . 
Campanula . ... . ................ . 
Ceraslillm-Slel/aria . ........ . ... . . 
Ephedra d islachya ...... . ....... . 

cf. slrobilacea . . .. . . ..... . 
Erica tetra/ix ... . .. . . . . . ........ . 
Fragaria ... . . . . . ..... . . . ... ... . 
Fraxinus . .............. ....... . 
Hedera h elix . ................ .. . 
Helianlh rmum oelandicum type . ... . 
Heracleum . . . ...... .... ... . .. . . . 
Hippophai! rhamnoides . .......... . 
Lycopodium annolinum .......... . 

alpinum-complanalum . . 
clavalum . . .. .. .. .. . . . 
selago ....... . ...... . 

Melampyrum . . .. . .... . . . . . . . . .. . 
Ophioglossum vulgalum ........ • .. 
Parnassia paluslris ... .. . . . ..... . 
Plan/ago lanceo/ala . . ........... . 
Polygonum convoluolus type. 

pcrsicaria ty pe ........ . 
Polupodium vulgare .. . .. . .. . .. . . . . 
Pleridium aquilinum . .... . . ..... . . 
Rosa ...... . .. . . ...... . . . .... . . . 
Sanguisorba o{ficina/is . ..... . . .. . . 
Scrophu/ariaceae . .............. . . 
Sedum ... . ..... .. ... .... .. . ... . 
Silene-Arenaria . ...............•. 
Trifo/ium alpeslre . .. ..... .. . . ... . 
Trollius europaeus . ... ... ........ . 

[ ! ] 
[1] 

[4] 

2 

[1] 

2 

[1] 

[1] 

[1] 

+ 

2 
Ulmus . ..... .... . .. .. .. . .. . . . .. . [1] [3] [5] [1] [2] 
Vaccinium type .. ..... . ... .. . . . . . 
Valeriana offi cina/is s. l. .. . ... . ... . 
Vicia-Lalhyrus ................. . 
Vilis ......... ... . .. . . . .. .. . .. . . [1] 

Callilriche') . ... . ...... . . . .. . . . . . 
E lisma nalans . ................. . 
Myriophyllum verlicillalum . . . . . . . . [3] [1] 
Osmunda cf. cinnamomea. . . . . . . . . . [2] [ 1] [3] [2] 

regalis .. . ... . . . . . . . .. . . 
Polamogelon sec/. Coleogelon . ..... . [1] 
Rubus chamaemo,us . .... . .. .. .. . . 
Rumex aq11alicus-hydrolapalh . . . ... . 
The /ypleris paluslris ty pe . . . . . . . . . . [12] [7] [3] [11 ] [10] 
Typha lali{o/ia . ... . ........ . .. . . 

Pediaslrum') .. . . + + + + + 

') Omitted from th e pollen to ta ls. 
') + indicates presence in the sa mple. 

[3] 

[ I] 

[7] 

+ 

[1] 

+ 

+ 

[2] 

+ 

+ 

2 

+ 
+ 

+ 

+ 

+ 

[ ' ] [+ ] 

[2] [1] 

+ + 

+ 
[1] 

+ 

[1] 

[3] 

+ 

[2] 

2 

[2] 

+ 

[ l ] 

+ 

[4] 

+ 

1 
1 
2 

2 

+ 

3 
2 
+ 

[2] 

2 

[1] [2] 

[2] [I] 

[b] 

+ 

[ ! ] 
1 

4 

+ 

[1] 
1 

[1) 

1 
1 
[3) 
1 

+ 



Table 33. N0 rb01ling. 
The F igures indica te numbers o f pollen gra ins or spores. [ ] pr obably derived. 

T allene a ngiver a ntal a r pollenk orn og s po rer. [ ] sandsyn ligvis omlejret. 

Depth , m . 

Arrneria marilima . . .. .... . . . . . . ... .. . . . .. . .. . . . .... ... . 
JJ islorln sp . . .... .. .. . . . . . .. . .. . .. . . . .. . ... . ....... . .. . 
Cham aenerium anguslifolium .. ..... . . ... . . . . .. .... . .. ... . 
Chenopodiaceae . ... ..... . ... . ... .. . . . .. . . ... .. . . . 
C ruciferae . . ... . . . . . . .... .. . .. . .... . •. • ... • . . ....... . . . 
Ephedra c f. slrobilacea . ..... . . . . . .. .. . . .... . .. .. .. . . . .. . 
Galium ty pe . . . . . . . . . . . .... . . .. . .. .. . . . . . . . .. .. .. . . ... . 
Ge um sp . .. ....... . . . . .. .. ... .. . . . . .. . . . . . . . ...... . . . . 
Gupsophila . . . . . . . . ......... . ... . . . . . .. . . . . ... .. . 
H e/ianlhemum oc/andicum type . . . . .. . . . .... . . . ... . . . . . . . . 
Ilex aquifolium ...... . .... . ...... . .. . . . . . ...... . .. . .. . . 
Lonicera x ulos leum . .... . . .. .. .. . .. .. . ... . ... . . . . . . . .. . . 
Lotus cf. cornicu/alus .. . .. . . . .. . .. .. ............... . ... . 
Linnaea borealis . .. . . . .. . . .... . .. . ........... . .... . 
Lycopodium annolinum ..... . . . . . .. . .. ....... . ... . . . . . . . 

claualum . . . .. . . . . ..... . ...... . ... . . . . .. . . . . 
Mercurio/is perennis .... . .. . ..... . . . ........ . .. . .... .. . . 
Murica gale . .. . . .... .. .. .. .. . . . . . .. . ... . ... ... ....... . 
Plan /ago marilima . .. . ... • ............. . . . ... . . . .. . .. . . 

media . .. . ... . . . .. . . .. . .. . . .. . ... . . . ..... . ... . 
Polen/ilia . . . . . . .. . . ...... . . . ... . ... .. .. .... .. . . .. . ... . 
Si/ene-A renaria type ......... . ..... . . . ... . .. . . . . . ... . 
Taxus baccala . . . .. . . . . .. . .. . . ............ . . . .. . . . .. .. . 
Tubuli f1orae . ........ . ..... . . . . . . . . ..... . .. . . .. . ..... . . 
\ 'acc in ium type ......... . .... . . . .... . ... . .. ... . . . . .. . . . 

Drosera anglica-rolundifolia . ...... . ... . . .. ........ . ..... . 
Lycopodium inunda lum ...... . ...... . ........•..... . .... 
Lusimachia lhyrsiflora .. . .. . ............ . ......•.... . 
Myriophullum allerni{Torum . . . .................. . . . . . . .. . 

spicalum .................... .. . . . ....... . 
uerlicillalum . . ...... . ... . . . ... .. ... . .. . . . . 

Osmunrla cf. cinnamom ea . ..... .. ...... . ..... .... . . .... . . 
regal is . . ... . ... ... .. . .. . ... . .. .. ... . . .. . ... . . 

Polugonum amphibium . . .. ... .. ......... ... ............ . 
Ranunculus acer type .. . .. . . ... . ..... . ........ . ... . .... . 
Tupha lalifolia .. . .... . .. . .... . •.. . .. ....... . . • ........ 
T ypha-Spargan ium type .... . ...... .. ... .. .... . . .. . . ... . 

Pediaslrum') ... . ... . .. . ... .. . . . .... ..... .. ....... . . . . . 

1 ) Omitted from the pollen totals. 
2
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IJANSK SArnlENDRAG 

VEGETATIONEN OG DENS KAR I DANMARK I TIDLIG 

WEICHSEL GLACIALTID (SIDSTE ISTID) 

I. INDLEDNING 

KNuD JESSEN og V. MILTHERS (1928) o!Tentliggjorde pollcndiagrammer fra 2 loka­
liteler fra den nrestsidsle interglacialtid og fra 13 lokaliteter, som kund e dateres ti1 den 
sidste inlerglacialtid i Vesljylland, og visle, al en lignende vegelationsudvikling karakle­
riserer aflejringer af sarnme alder i NV-Tyskland. Del vis les, al hver inlerglaciallid 
havde sin karakteristiske vegetationsudvikling, og pollenanalysen visle sig si\ledes at 
vrere el nylligt redskab for en dalering af senpleislocene pollcnforende lag. Senerc 
unders0ge1ser1) har vis!, al princippet 0111 regional parallelisme grelder for interglaciale 
pollendiagrammer fra Nordemopa, og har stollet henforelscn af Eemhavet til det 
,,Nedre Varmc-Stadium" fra Heming-profrlct. 

JESSEN og MrLTHERS (1. c.) hcnregnede ogsi\ del ,,0vre Varme-Stadium" fra Herning 
til den sidste interglaciallid. Klim asvingninger i tiden efler Eem Interglacialtiden kendes 
nu ad flere veje, men man har intetsleds kunnet pi\vise et varmestadium med en vege­
tation, der ligner den, der fandtcs i del ,,0vrc Varrne-Sladium" fra Heming (med hoje 
pollenfrekvenser for Quercus, Cory/us og Alnus, se ogsa kapitel VI). Man belragler 
derfor nu sredvanligvis kun det ,, 1edre Varme-Stadium" fra Heming som Eem Inter­
glacialtiden og henforer de derp,\ folgende stadier til den sidste islid i Nordeuropa2). 

Fravreret af el stadium, der minder om det ,,0vre Varme-Sladium" fra Herning, 
er blevet forklaret ved henvisn ing til erfaringer andetsleds fra, at en sadan horisont 
kan v::cre dannet af omlejret, inlerglacialt materiale. Her skal henYises til undersogelser 
af THOMSON (1941, 1951) i Estland og Tyskland og af REID (1896) og WEST (1956) i 
England, sorn er refereret i den engelske tekst. 

I de 30 i\r, der er forlobet siden offentliggorelsen af JESSEN og ~IrLT1mRs' arbcjde, 
har pollenanalysen v::crel i rivende udvikling, og del var givet, at disse problcmcr burde 
undersoges pi\ny i Danmark. Fremskridt af srerlig betydning i denne forbindelse er 
indforelsen af meloder, der g0r det muligt at finde tilstrrekkeligt pollen i leraflejringer, 
forsti\elsen af urtepollenets betydning, spccielt ved studiet af skovfattige lidsrum, og 
opdagelsen af, at sedimenler med stort indhold af alloklont mineralsk maleriale kan 
vrere forurenet med pollen fra reldre aflejringer (se isrer IVERS EN 1936a). Ogsi\ nye 
erfaringer med hensyn ti1 pollenanalysens muligheder for at belyse fortidens nge­
tation og dens ki\rforhold , isrer i Senglacialtiden, er af srerlig betydning for en for­
sti\else af de problerner, der behandles her (se isrer IVERSEN 1954) . 

1
) Literatur er mevnt udforligt i den engelske tekst. 

2
) "Weichsel Glacialtid" vii i <let folgende blive brugt for <let tidsrum, der adskiller 

Eem lnterglacialtiden fra Postglacialtiden, se iovrigt diskussionen i kapitel VI. 



153 

Den her omtalte unders0gelse omfatter lokalitetern e Brorup Hotel Mose, Rodeb::ck I , 
Herning og Norbolling, ved hvilke J ESS EN og MrLTII ERS (I. c.) fandt del ,,0vre Varme­
Stad ium" reprresenteret. Der er ogsa for taget boringer ved Solso. Undersogelsen af 
lagene fra Eem Interglacialtiden er ikke afsluttet, og kun de deron~r liggende allcjringer 
vii blive omtalt detailleret her. Ved Brorup Hotel Ivlose fandles en srerlig detailleret 
serie fra tidsrummet, der fulgle Ecm Interglacialticl cn . 

II. METODER 

Boreteknik. 

Den anvendte borcteknik muliggjorde udtagelse af intakte kerncprover kon-
tinuerlig r::ckkc. 

Sedimenter. 

De enkelte prol1Jcr er beskrevet i kapitel III. Bcskrivelsen af sedimcntcrn e folgc r i 
<let vresentlige de principper, som TROELS-SMITH (1955) har udarbejdet. 

Mineralinclholdc t i sedimenterne bestar i <let v::csentlige a l' s ilikater. ~'1 icngd cn a f 
indskyll et mineral sk ma teriale kan saledes bestemmes ucl fra en b estemm clsc a[ ind­
holdct a f organisk slof, som omtales nrermere i den engelske tekst. Et hojt indholcl af 
alloktonc mineralcr er karakteristisk for sedimcnter fra arktiske soer og fra soer fra 
Senglacialtiden, og en stigning i indholdet af sadann e mineraler i profilsojlerne kan 
tydc pa et koldere klima. 

Et hojt indhold af alloktont mineralsk materiale st,\ r ofte i forbindelse med tilstede­
vrerelse af omlejret pollen og sporer , som p:ivist for senglaciale sedimenter af IVERS EN 
(1936 a). 

Sedimenterne og deres indhold af planterester giver ol'te oplys ninger om vanclstancls­
svingninger i de lokale bassiner. Disse bar i de herv::crend e tilf::clde v::cret allobsl0se, 
og rnnclstanclssvingningerne skyldtes sandsynligvis i hoj grad klima::cndringer, is::cr 
::cndringer af nedbor og/eller lufttemperatur. 

Pollenanalyser. 

Resultaterne af pollenanalyserne er vist i pollendiagrammerne, som viser den rela ti rn 
hyppighed af pollen og sporer fundet i sedimenterne. Man plejer at forsoge at udelukke 
indllydelsen af fa cies ved at ud elacle pollen og sporer fra lokale planter fra b eregnin­
gerne. De forskellige identificerede kategorier af pollen og sporer (familier, sl::cgter, 
arter) kan omfatte (1) kun planter fra h0j buncl, (2) bade planter , cler kan gro pt1 hoj 
bund, og planter , der kan gro pa bund med et h0jt grundvandsspejl , og (3) kun rnnd­
planter og planter, der foretr::ckker vandmrettet bund. 

I de foreliggende pollendiagrammer er pollen og sporer, der formod es at tilhore 
gruppe (3) n ::cvnt ovenfor, udeladt fra procentberegningerne. Udeladelse af pl anter 
fra gruppe (2) , f . eks. grresser og halvgrresser, vilde utvivlsomt give et forker! billede. 
Jmidlertid ma <let huskes, at billedet kan vrere strerkt p:ivirket af lokalt pollen i de 
torvelag, der forekommer i profilerne. 

Pollenzoner. 

De vegetationshistoriske enheder er pollenzoner. Da pollenzon er i forste rrekke er 
afgrrenset ved rendringer i pollenindholdet i visse sedimenter, bor de anses for at vrere 
bio-stratigrafiske enheder (sml. HEDBERG 1954). Pollenzoner kan grelde som lids-
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enheder i begncnsede omriicler, men gramserne for pollenzonerne er ikke altid synkrone 
i et storre omriide, og krono-straligrafiske enheder bor afgrrenses pa anden made (se 
kapitel VI). 

I J ESSEN's pollenzoner for sidsle interglaciallid (JESSEN og MrLTHERS 1928) er 
pollenet fra urler og buske ikke !age! i belraglning, og <let har derfor vrere t nodvendigl 
at definere nye pollenzoner. I fremlid en vil de! vrere nylligl for overskucligheden al 
nummerere pollenzoner fra inlerglaciallider og glacialtider srerskilt. Siilecles vil det 
vrere praktisk al srelle grrensen for Eem lnlergl acialliden i vegelalionshislorien ved de! 
punk! af udYiklingen, hvor skovvegetationen forsvandl, og skovlose vegetalionstyper 
bredte sig. Nye pollenzoner for den rncrmesl derefler folgendc udvikling er beskrevet 
(zoncrne ,v 1- W 5, se den engelske lekst side 17- rn og oversiglen s. 160). 

Ill. BESTEMMELSER 

Alle de bestemte planteresler fra pollcnzonerne W 1- W 5 er visl i label 23 (s. 107- 111). 
Bcslemmelserne af makrofossiler hidrorer isrer fra KNuo J ESSEN's undersogelse (i 
JESS EN og MrLTHERS 1928) . Nye bestemmelser af makrofossiler reprresenleres af Elisma 
nalans og Larix sp. I detle kapilel omtales en rrekke beslemmelser isrer af pollen og 
sporer nrermere. lleslemmelser baseret pa statistiske undersogelser (slorrclse, porelal) 
er omtalt i et s:crligt afsnil. 

IV. BESl{RIVELSE AF LOKALITETERNE 

I clette kapitel beskrives sedimenlserierne og pollendiagrammerne fra de enkelte 
lokaliteter. Der henvises til den engelske leksl, dog skal enkelte hovedtr:ck og srerlige 
forhold omtales her. 

Ved Brorup Hotel Mose pavises del, at de lag, der svarer til <let af JESSEN og M1L THERS 
(1928) beskrevne ,,mellemlag", besti r af sedimenler med et hojt mineralindhold, og 
at de derover liggende lag har et hojl organisk indhold . I lagene med hojt mineral­
indhold forekommer lypisk interglaciale pollentyper pa en siidan made, at de ma anses 
for al vrere omlejrede fra interglaciale lag. Ogsa andrc sekundrere pollentyper fore­
kommer, men en rrekke pollenlyper, fortrinsvis reprresenlerende urteagtige landplanter 
og vandplanter, forekommer pa en siidan made, at de ma anses for at vrere primrere. 
I de ovrige, vresenlligst organiske lag, forekommer nresten inlet sekund:crpollen. For­
uden lagene fra Eem lnterglacialtiden er pollenzoneme W 1- \V 5 reprresenteret i 
profilerne. 

Ved Rod eb:ck I indeholder lagene over aflejringerne fra Eem lnterglacialtiden meget 
mineralsk m aleriale, og de har et hojt indhold af omlcjrel interglacial! pollen, med 
undtagelse af et gyljelag (lag D i JESSEN og MILTHERs' profiler), som fortrinsvis inde­
holder primrerl pollen. Gytjelaget stammer fra pollenzone W 2 (underzone c). 

Ved Herning drekkes lagene fra Eem Interglacialtiden af tykke, nresten rent mine­
ralske lag. Den ,,ovre varme-horisont" genfandtes som en horiso nl med mange lynde 
detrituslag. Bade ,,mellemlaget" og den ,,ovre nrme-horisont" indeholder inter­
glacial! pollen i hoj e frekvenser, og de fl este af de i disse lag fundne planleresler m,\ 
anses for at v:cre omlejrede. Over de nrevnle lag findes en gytjehorisont (lag F) med et 
lavt mineralindhold og lave frekvenser for omlejret pollen. Delle gytjelag svarer Iii 
den nederste del af pollenzone W 3. 

Ved Norbolling blev der ogsa fundet lag med hojl 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) indehold er fortrinsvi s prim::crt pollen. Dy-lagene tilhorer pollen­
zoncrne W 4- W 5. 

Vcd Solso find cs lag fra Eem Intcrglaciallid cn i bctydelig dybde . De overlcjrcs af 
s t::erkt min cralholdigc lag, so m repr::csenlerer W cichscl Glacialliden, og af gy tj e fra 
Postglacialtiden . E n Jille so find es cndnu , men den er nu sl::erkl reduccret vcd dr::cning. 
De min eralholdige lag indeholder omlejrel pollen i store m::cngder og ingen pollen­
<liagrammcr er udarbejdcl. 

V. VEGETATIONEN OG DENS KAR I VESTJYLLAND 

I POLLENZON ERNE vV 1- \V 5 

I del forelagle malerial e fra Brorup Hotel Mose, Rodeb::ck I , Heming og Norbolling 
"kan pal::eookologiske slulninger drages pa baggrund af sedimenlerncs sammens::elning, 
a ngivelser om Yandslands::endringer og is::er pa oplysninger om vegeta lionens sammen­
s::etning og planlernes udbredelsesforhold i nuliden. 

Man m a her gore sig klart, a t de! i reglen kun er en ringe de] af selve planlerne, der 
-er b cvarct. Imidlertid er is::er makrofossiler som frugtcr, fro og blomsterdele ofle af 
J1oj taksonomisk v::erdi . Del her omlalte m alerial e er sammenholdl med nulevende 
arlcr. Denne fremgangsmade begrundes forsl og frcmmesl med lloraens unge alder og 
med det faktum , a l HARTZ (1909) og J ESSEN (i JESSEN og M1LTHERS 1928) kunde 
idenlificere planlerester fra Eem Interglacialtiden i Danmark med en lang r ::ckke 
{132) nulcvendc nordeurop::eiske arter, mens biol lo arler nu kun find cs repr::esenlerel 
uden for Europa. 

Eksislensen a f fysiologiske racer (b iolyper, okoly per, provenienser) og mulighederne 
for ::endringer i arlcrnes indhold a f dissc rcpr::escnlcr er cl problem fo r pal::cookologien. 
Pleislocentid cns n cdisningcr k a n have fremkalcll ::cnclringer i visse tcrmofiJe arlers 
fodhold af racer, men som n::ermerc begrundet i den cngcls kc lcksl, h ehover sadanne 
::endringcr ikke al have v::erel un iverselle. Hcliofy lcr h a r sikkcrl ha ft vanskeligheder 
ved a l ovcrl evc skovens frcmlr::cngen i Poslglacialticlen , og dercs pop ulalio ner er i dag 
ofle st::erkl reduccrede. Pal::eokologiske slutninger b or helst slolles pa enslyclige angi­
velser fra en r::ekke a rler. 

Oplysninger 0111 planlcrnes nuv::crende krav Iii karene pa vokseslcdel kan hcntes 
fra lileraluren, m en dissc krav kcndes langlfra allid i clelailler. Is::er er de! ofte rnnske­
ligt a l bedomme arlerncs krav Iii klim aet. Arlernes udbrcdelse kan b es temmes af hele 
arets lcmperaturer, men oplysninger 0111 temperaturen for den varmeste og den koldeste 
manecl kan v::ere tilstr::ckkelige for at afgramse en arts termosf::ere (se is::er IVERSEN 
1944). Des,·::erre er oplysninger om vintertemperaluren sj ::eldne i de! foss ile materiale, 
og sko n af so mmertemperaturen ma clerfor v::ere ret grove. IVERS EN (1954) grupperede 
plantearlerne eftcr aftagende v::erdi som temperaturindikalorer saledes: (1) tr::eer og 
buske, (2) rnndplanlcr , (3) skyggetalende urler og clv::ergbuske, ( 4) heliofile urter og 
dv::ergbuske. De planter , der kr::ever mest a f voksestedet, anses for a l v::ere de mest 
upalidelige temperaturind ika torer. Vandplan lernes h oje v::erdi som temperaturinclika­
lorer fremh ::cvedes a f IVERSEN i overensslcmmclse m ed GL UCK ( 1927), SAMUELSSON 
(1934) og SzAFER (1946, 1954), men i mods::elning Iii W ESENBERG-L UND (1909). 

Ud trykkene ,,subarklisk " og ,,subalpin" vii blive anvend l for del omrade, der 
findes mellem nalclr::esgr::ense n (Picea abies og Pinus si/vestris) og b irkeskovsgr::ensen 
(Betula lorluosa) i Skandin avicn. 

En overs igl over forskcllige mere vigtige planters hyppighed i de forskcllige pollen­
zoner er visl pa lavle XV (bascrel p :1 pollenanalyserne fra Brorup Hotel Mose, for 
zone W 1- W 3, og Norbolling, for zone W 4- W 5). 
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Zone W 1. 

Afslutningen af Eem Interglacialtiden m arkeres ved en nedgang af th ermofilc 
pla nters pollen og ved en udbredclse af skovlos vegetation. Sam tidig skcte der abenbarl 
en Yands tandsstigning i de lokalc bassiner. 

Pinus silveslris, Picea abies, Belu/a pubescens og Popu/us lremu/a fo rekom rnuligvis 
rned sprecl tc inclivicler . Buske var fremherskencle ( isrer Belula nana, Juniperns com­
nwnis, Calluna vulgaris, Empelrnm nigrwn, E. hermaphrodilum og Arcloslaphylos uva­
ursi), og vegetalioncn minder dcrvcd om den nulidige vegeta tion i del subarkti ske­
subalpine b relte i Nordcuropa, clog med den forskel a t Belula lorluosa abenbart mang­
lecle. Urleagtige plan ter var ogsa alminclelige. Vandplantelloraen minder ogsa om den , 
cler findcs i det subarktiske-subalpine brelte i Nordeuropa i dag. Klimaet kan derfor 
karakteriseres som subarktisk, og det var formoclentlig ret oceanisk. 

Vegelat ionens sammensretning viser, a t nedboren har vreret rigelig bade om som­
meren og om vinleren. 

Den udbredte forekomst af hedeagtig vegetation og sjreldenheden af basifile planter 
tycler pa, a t en fa ttig jordbund med et surt humuslag har vrere t fremherskende . Da 
unclerlage t er kalkholdig morrene fra den sidste nedisning fo r Eem lnlerglacialtiden, 
ma denne sure jordbund sikkert ses som resultatet af en fremadskr idende udvaskn ing 
i Interglacialtiden. Vandplantefloraen karakteriseres af arter, som fortrinsvis fincl es i 
soer med fattig vanclplantevegelation og neutralt vancl (Myriophyllum allerniflornm, 
Jsoi!les echinospora, I . lacuslris). I Eem Interglacialtiden var soernes flora uclprrege t 
basifil, og fattiggorelsen skyldes ulvivlsomt den fremadskridencle jorclbundsuclvaskning. 

Zone W 2. 

Denne pollenzone er inclclelt i 5 underzoner , a, b, c, cl og e. U nclerzo nern e a, c og e 
forekommer ret gunstige klimalisk set, mens b og cl var vresenlligt kolclere. 

Seclimenterne i soerne domineres ganske af alloktonl mineralsk inclholcl, isrer i 
unclerzonerne b og cl. I lobet af clenne zone blcv bassinet i Roclebrek I uclfylclt med 
seclimen ler , m ens cler ved slutningen af zonen stacl ig fancltes soer i Brorup Hotel Mose, 
Herning, Norbolling og Solso. Alie anclre moser eller soer fra Eem lnlerglacialticlen 
kenclt i Vestjyllancl ma vrere blevet uclfylclt allerecle pa et tidligt ticlspunkl i zone W 2. 
I hvert falcl har erosion og tilforsel af alloktont mineralsk materiale til soerne i clenne 
zone vreret strerk . Aclskillige forholcl tycler p a, at solifluktion har vreret meclvirkendc 
til at transportere clet alloktone materiale ned til soerne. Der anfores grunde til al tro, 
at den fremherskende form for solifluktion p a detle tidspunkt var af den amorfe type. 
Denne solifluktionstype, hvor en udiiferentieret masse bevreger sig nedacl pa selv 
svagt hreldende skraninger, kan vrere uafhrengig af pergelisol, idet den kan forekomme, 
hvor rigelig fugtigh ed er til stede i overfladelagene. Den karakteriserer isrer omrader 
med oceanisk klima i arktiske eller subarktiske omrader. 

Trreer manglede muligvis hell, eller de var i hvert fald sj reldne. Af buske fandt es 
Salix-arter, Belula nana, Juniperns communis, mens Ericales var sj reldne. Urteagtige 
planter var fremherskende, og forekomsten af en rrekke heliofyter karakteriserer zonen 
(se s. 88 og kurvc A pa tavle XV). Heliofyterne var srerlig talrige i underzone c; 
men clisse planter er sikkert upalidelige som temperaturinclik a torer. Va ndplanter fore­
kommer pa en karakterislisk made. De var abenbart hy ppige i underzonerne a, c og e, 
mens soerne var nrermest sterile i und erzonern e b og d . Del antycles, a t klimaet i 
unclerzonerne a og e var subarktisk. Del samme var tilfreldet for uncl erzone c, som 
adskiller de to kold e ticlsrurn , underzon erne b og cl, hvor klim aet sikkert var arktisk . 

Den ringc hyppighecl af Ericales tyder pa, at solilluktionen oclclagcl e den udvaskecl e 
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landoverJlad e og bragte fri sk jordbund op lil overJl aden . En lignende proces kan iagl­
lages i dag i arkliske eller subarktisk e ornrader. Denne antagclse stolles af fo rekomsten 
a [ en nckkc neulro-basifilc a rter (se s. 91 og kurvc l3 pa tavlc XV). I clet hele lagc l 
k arak leriseres h eliofytnoraen vecl forckornslen af planter af pionerlype, so m i dag kan 
find es p[1 uslabil jordbund und er en nckk e forskellige forholcl. Del h em.:crkes, a l d isse 
p ionerplanl cr visle en Yis fo rk :crlighed for undcrzonerne a, c og e, is;cr underzonc c. 
Delle skyldtcs m f1ske mindre sned;ckke og torrere jordh uncl i disse und erzo ner. Ornn'lder 
med vii.cl Jl yclejord h .:c rer o fle n;cstcn ingen vegetation, og delle forhold forklarer mu­
ligvis vegelalionens slorre fa ltigdorn i underzonern e h og d. 

Vanclplan lefloraerne fra unclerzo nerne a, e og e pr::cges af inclifTerente, n culro-basifile 
og basifile a rler. Delle viser , a l vanclet i socrne ikkc kan have v;cr el surl , men clet var 
snarere neulralt cller svagt basisk, og isrer i llrorup Hotel l'>'lose herskecle der ahenhart 
en ret r ig vandplan levegetation. Denne rendring fra forholclene i zone ,v 1 skylclles 
muligvis, at clet vand, soerne modtog fra omgivelserne, indeholdt karbona ter igen so m 
et r esultat af solilluktionen. 

Zone W3. 

Hele zonen findes ]dart udYiklel i Brorup Hotel Mose. Den er dell i und erzonerne 
a, h, c, cl og e, hvoraf underzonern e h og d er lidl mindre gunslige. Sedimenlerne an­
tyd er en almindelig srenkning af vandspejlet med svage vanclstanclsstigningcr i under­
zone rn e b og d. 

Be/11/a pubescens var fremherskencl e, men skoven var ikke rnork, h vilket Yi ses af den 
hyppige fo rekornst af de lyskrrevende Popu/us tremu/a, Betu/a nana og Juniperus 
comnwnis, og af clet r ct hyppige urlepollen . Andre p ,\viste Lr:cer ell cr buske er Prunus 
c f. padus, Frangula a/nus, Lonicera :r·y/osteum og Larix. Der fondl es en rel rig fl ora af 
skyggelftlencle, urteagtige plan ter, lworaf nogle er r et sycllige i Skanclinavien i clag 
(So /anum dulcamara , Pteridium aqui/inum, Merwlia/is p erennis) . I vancl- og sum p­
planlefloraen fa ndtes en r;ckke ar ler, som ikke oversliger niileskovsgrmnsen i dag 
(Elisma natans, Lillore/la uni/Tora, Lobelia dortmanna, Lysimachia thyrsiflora, Nuplwr 
/uteum , Typha /atifolia, Valeriana dioica). Alt i alt er Jloraen thermofi l. I underzon erne 
b og d srenk ecles sommerlemperaturen noget. Den lokale vegetat ion an lyd er ligesom 
seclimenterne en almindelig lav vandstand med svage vandstandss tigninger i und er­
zonern e b og d. 

Nedboren har sikkert vaoret rigelig. 
En r rekke planter anlyder en gunstig hurnusholdig skovbund. En del neutro-basifile 

arter forekom stadig; men acidofile planter forekom med tiltagende hyppighed. I de 
lokale vand- og sumpplantefloraer fremherskede neutro-acidofile arler. Elisma natans 
var almindelig i Brorup Hotel Mose og forekom ogsa i Heming og Norbolling. Denne 
vandplante bar en ejendommehg plelvis udbredelse I Vesteuropa i dag. 

Zone W 4. 

Zonen findcs udviklet i Brorup Hotel Mose og ismr i N0rholling. I Brorup voksede 
s0en til med sumpt0rv og skovtor v, m en i Norbolling er sedimentet stadig en s0aJlejring. 
Betula pubescens, Pinus silveslris , Picea og Larix fremhcrsked e i skovvegetationen. Picea 
abies var forst til sled e alene, senere indva ndrecle Picea omoricoides, som er n a)rt be­
sl;cgtet m ed den nulevend e P. omorica, d er i clag find es i smii reliklforekomster i Ju­
goslavien . Skoven var iibenbart t:cllere end i den foregaende zone W 3, sikkert pa 
grund af indvandringen af mere skyggegivende tr;cer . Af buskc kan nrevnes Frangula 
a/nus, der var meget almind clig, Myrica gale, Erica tetra/ix og Lonicera x ylosteum, der 
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alle er ret sydlige i Skandinavien i dag. Blandt de ret skyggetalende urteagtige planter 
b0r nrevnes Pleridium, Merwrialis, Linnaea borea/is og Symphylum. Symphy/um er i 
dag sikkert ikke spontan i Skandinavien, men den er muligvis spontan i Cenlral­
europa. Klimaet var sikkert lige sa varmt som i zone W 3. 

Tilstedevrerelsen af atlantiske arter tyder muligvis pa ret milde vintre og rigelig 
nedb0r. 

Floraen er tydeligt prreget af surbundsplanter, og neutro-basifile arler er rel sjreldne. 
Delle tyder pa fremadskridende udvaskning og dannelse af sur humus. De lokale 
flora er er ogsa prreget af surbundsplanter. 

Zone W 5. 

Skovens sammensmtning mindede om den forudgaende zone, men Picea og Be/u/a 
gik noget tilbage. Frangula og Calhma var meget udbredte. I Brorup Hotel Mose frem­
herskede en hojmoseagtig vegetation . Visse rendringer i pollenkurverne tyder muligvis 
pa en lokal vandstandsstigning (svarende til underzone b). 

Vegetationens sarnmensretning tyder pa en fremadskridende dannelse af sur humus 
og rnuligvis en alrnindelig udbredelse af h0jmoser. De lokale Jloraer er ogsa prreget 
af surbundsplanter. 

Zone W x. 

Den ovre t0rveseri e i Brorup Hotel Mose afbrydes af en erosionsdiskordans. Der­
over findes et sandet Ierlag, som indeholder rneget ornlejret pollen. Dog anlydes det, 
at en subarktisk vegetation fremhersk ede. Serien afsluttes af solifluktionslag, sikkert 
fra Weichsel Glacialtidens koldeste de!. 

Floralisten. 

En lisle over hoj ere planter bestemt pa grundlag af makrofossiler eller pollen og 
sporer fra pollenzonern e W 1- W 5 er vist i label 23 (side 107- 111). 180 taxa er besternt 
til slregt, arlsgruppe eller art, men 44 af disse er kun reprresenteret af omlejrede planle­
rester eller af fj ernlransporteret pollen. 56 arlsbestemmelser er baseret pa bestemrnelscr 
af makrofossiler af J ESS EN (i JESSEN og M1LTHERS 1928). Dateringen af fund cne til 
pollenzonerne W 1- W 5 er omtalt i kapitel IV. Makrofossiler omtalt af J ESSEN er 
kun medtaget , forsavidl de har kunnet dateres i pollenzonerne med en vis sikkerhed. 

Listen over bestemmelser er sammenlignet med den tilsvarend e lisle fra Senglacial­
tiden publiceret af IVERSEN (1954). Af de 136 slregter, artsgrupper eller arter, som anses 
for primrere, genfindes 88 i den senglaciale lisle. 4 af de planter , der mangler i listen 
fra Senglacialtiden, naede ikke til Danmark efter Weichsel Glacialtiden (Larix, Picea 
abies, P. omoricoides, Symphylum). 16 acidofile arter mangler der. Dette skyldes sand­
synligvis, at hede- og h0jmosevegetation var udbredt i pollenzonerne W 1 og VV 4- 5, 
mens istidsafl ejringerne i Scnglacialtidcn ikke var udvasket, og sur jordbund stmrkt 
begrrenset. En rrekke basifile arter kendt fra Senglacialtiden er ikke r eprresenteret i 
zone Vl7 2 med primxre fund . Delle kan tyde pa, at den mineralske jordbund, der 
blev frembragt ved solifluktionen i zone W 2, var noget fattigcre pa kalk end det ufor­
vitrede morreneler i Senglacialtiden. Ligeledes var l soeles echinospora, I . lawslris og 
Myriophyllum a//erni(lorum almindclige i pollenzonerne \ ,V 1- W 3, men manglcde hell 
eller var sjreldne i Scnglacialtiden, sikkert pa grund af konkurrence fra mere krmvende 
og hurtigt voksende vandplanter. 

50 slregter eller arter af heliofyter og planter Ira [ibne voksesteder forekomm er i dct 
nmrvrerende materiale, og 40 af <lisse genfindes i den senglaciale lisle. Delle antycl er, 
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al pioncrfloraernc fra lidlig og sen Weichsel Glacialtid var cnsartede. Dercs beslregtel­
hed med nutidige vegetat ionstyper pa ustabil jordbund er fremlucvel af IVERSEN (1954) 
og ovenfor. 

VJ. KLIMA OG J{HONOLOGI I TIDLIG \VEICHSEL GU,CIALTID 

I VESTJYLLAND 

Geologiske iagttagelser fra Pleistocrenet kan ofle sammenlignes med iagttagelser fra 
nutiden ret direkte, og klimasvingninger kan ofte pavises med stor sikkerhed. Strati­
grafiske inddelinger stottes smdvanligv is ikke pa slutninger om palreoklimaet (se 
HEDBERG 1954, THOELSEN og SoRGENFREI 1956). Geologiske iagttagelser fra Pleisto­
cmnet af mor.:enestadier, flodlerrassesystemer, lossprofiler, huleaflejr inger, strandlinier, 
vertebral og invertebrat pal.:eonlologi, og vegetationshistorie fremviser stor Yariation 
og begrunder en rmkke inddelinger af lilho-stratigrafisk eller bio-stra tigrafisk natur, 
men dissc inddelinger er ofte fragmentariske. 

Vegeta tionshistorien kan vmre s.:erlig nyttig for en slratigrafisk inddeling af Pleisto­
cmnet, men det ma huskes, at den s stad ier er bio-stratigrafiske enheder, og deres gr.:cnser 
kan ikke altid anses for at v.:ere samtidige i el storre omrii.dc. 

Flere forfa ttere (se literatur i den engelske teksl) har da ogs[1 foretrukket at afgr.:ense 
tidsenheder i Plcistocrenel pa grundlag af klimasvingninger. Interglacialer og glacialer 
repr.:csen terer Pleistoc.:enets hovedtidsenheder efter denne opfattelse. De inlerglaciale 
stadier karakteriseres ved langvarige fremadskridendc vcgetationssucccssioner. De af­
grrenses af storre klimarendringer og adskilles af glaciale stadier. lnterstadialer og 
stadialer anses for underafdelinger af de glaciale stadier. Et inlerstadial udgor saledes 
en mindre varme-tid inden for en glacialtid. 

Is.:cr efler hollandske forfattere (ZAGWIJN 1957 a, 1960, VAN DER VLERK 1957, 1959, 
ZONNEVELD 1957) kan for liden folgende hovedstadier adskill es i Nordeuropa: 

vVeichselian Glacial 
Eemian Interglacial 

Saalian Glacial 
Hoxnian Interglacial 

Elslerian Glacial 
Cromerian Interglacial 

Mcnapian Glacial 
\\7 aalian Interglacial 

Eburonian Glacial 
Tiglian Interglacial 

Prc-Tiglian Glacial 

Kun de yngstc af disse stadier er reprresenteret her i landet. 
\Veichscl Glacialtiden kan afgr.:enses som det tidsrum, dcr adskilte Eem Interglacial­

liden fra Postglacialtiden. Adskillige forfattere (se den engelske tekst) henregn er nu 
Senglacialtiden til 'vVeichsel Glacialtiden, hvis ovre gr.:ense s,iledes er den fini-glaciale 
temperaturstigning, som SYarer til afslutningen af det sidstc storre fremslod af den 
skandinaviske indlandsis. I den nordeuropreiske vcgeta tionshistorie svarer denn e 
gr.:cnse lil overgangen pollenzone III- IV i Skandinavien og Holland. Pa clette tids­
punkt blev skoven clominerende og Po tglacialticlcns langvarige, fremadskriclencle 
skovsuccession begynclte. Zonegr.:ensen er sikkert noget yngrc encl selvc temperatur­
stigningen, dens alder er efter C-14 bestemmelser ea. 10 300 for nu. 

Weichsel Glacialtidens neclre gr.:cnse og en incldeling af dens mldste del er omlalt i 
clct folgende. 
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Bio-s trat igrafi Loka l kronologi 
Juli Lok al 

I 
J ordbund 

temp. vandstand nder-
Vegeta tion sta clicr 

I Belula p ubescens?, B. nana, Juniperus, I J or d_b unds- I 10- 12° Stigencle vand-
I 

urter , eros io n I stand (B) 

Hia tus 
13- 15° Lav vandstand 

ea . 13°? L icit h0j ere 
Skov af Pinus, Picea, Belu/a pubescens, Surt humuslag 

va nds tand (B) 
Larix, Frangula. Ca lluna, Empelrum fremherskende 

13- 15° La v vandsta nd 
( 13 , N) 

Sk ov a f Belu/a pubescens, Picea , Larix, Surt h um uslag 13- 15° Lav vandsta nd 
Frangula. Pinus tiltager tiltagende ( B) 

Skov af Belu/a pubescens, Populus, Tiltagende 1:l- 15° Lav va nclsta nd 
Brerup 

Larix , Frangula. B. nana, J un iper-us dannelse a f surt (B) 
In ter -

og urter almindclige. Ca/lun a t iltager hum us lag 
s tad ia! 

Tr::cvegeta tionen mer e aa ben Svag erosion ea . 12° Stigning a f 
va ndsta nclcn ( 13) 

Skov a f B elula pubescens, Populus. Stabilisering. 13- 15° L av va ndsta nd 
B. nana , Ju niperns og urter a lmindelige Humus da nnes ( B) 

Tn:evegeta li onen mere aben Svag erosion ea. 12° Stigning af 
vandsta nclen 
( B, H) 

Skov af Betula pubescens, Populus. Stabil iser ing. ea. 13° Lav vands ta nd 
Belula n ana og urter almind elige H umus dannes (B, H) 

Belula nana og urtevegeta tion frem - Stab ilisering. Stigende 
herskende. B . pubescens og Populus Iii Fr isk j ordbu ncl ea . 12° 
stede H 0j vandsla ncl 

Nogne solifluktionsomrader u dbr ed te Erosio n < 10° 
Belula nana, Juniperus og ur tevegeta- Sta bilisering. L av vandsta nd Rodeb rek 
lion fremhersk ende Frisk jordbun cl 10- 12° (R) Inter-

stadi a! 
----

Nogne solifluktionsomrader udbr ed te Erosio n < 10° 
Belula n ana , Juniperus og urtevef_eta- Eros ion tillager 10- 12° Hoj vandsta nd 
li on frcmh erskende 

Spredte indi vider af Pinus, Picea, Belula Suri hu m uslag Ai'la- S tigencle vancl-
pubescens. Hede mecl Juniperus, B . nana, og podsolering gencle sta nd (B, R) 
Cal/una, Empelrum . Urter alm. fremhersker 10- 12° ----
Skov clo mi neret a f Picea, Pinus, Betula Aft a - Lav va ndsta ncl 
pubescens. A/Jws ret almindelig gende ( 13 , R) 

Temperatur. 

En oversigt over vegetationshistorie og klimaudvikling i Vestjyll and i tidcn, der 
fulgte umiddclbart eftcr Ecm Interglacialtiden, er vist overfor (sml. table 24, s. 11 5, 
og kap itel V) . 

Som omtalt s. 155 er de t onskeligt a t kende temperaturen for hele :\rct. Vinter­
temperaturer kund e ikke bestcmrnes n0je, men klirnaet i almindelighcd bar sand­
synligvis vreret ret occanisk, og vegeta tionsperiodens lrengde har sikkert varieret 
parallel! mcd temperaturen for den varmeste maned . Mens rendringer i sommer­
temperaturcn ofte kan afslores rned ret stor sikkerhed, kan absolutte gennemsnits­
temperaturcr kun skonnes ud fra de biologiske data. 

En st0rre nedgang i sommcrtemperaturcn begyndte i en sen del af Eem Interglacial-

I 
Hovcd-
stacl icr 

W eichsel 
Glacia l-
lid 

Eem 
Inter -
glaciallid 
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tiden . Den fortsalle ved overgangcn underzone \V 2 a- b, og et mm1mum niiedes i 
underzone \V 2b. Sommertempcraturen aftog sandsynligvis med l0°C eller mere. 
Vegetationsudviklingen i underzonc \V 2c viser en afg0rende temperaturstigning, men 
et nyt temperaturminimum niiedes i undcrzone \V 2d. I underzone \N 2e og zone \V 3 
afspejler vcgetationsudviklingen en ny stigning i sommcrlcmperaturen, muligvis pa 
6°C cller mere. Sommertemperaluren forblev ret hoj i zone \V 3, \V 4 og W 5, muligvis 
13- 15°C i Juli, ellcr mere, med en svag aftagcn i underzoncrnc W 3b og d. Udviklingen 
efter zone \V 5 kendes ikke i detailler, men en sencrc ncdga ng i sommcrtemperaturen 
er antydet, og den yngste del af serien vcd Brorup er d::ckkel af solifiuktionslag (se 
ogsii fig. 12, s. 133). 

Luftfugtighed. 

Del pal::cobotaniskc matcriale oplyser ikke meget om ncdboren, men denne var 
ulvivlsomt rigclig. 

Oplysninger orn mindre ::cndringcr i luftfugtighed kan fas fra angivclser af lokale 
vandstands::cndringcr (sml. kapitel II) . Saledes angiver en rendring ar den lokale 
hydroscre lil vadere forhold tydcligt en sligning af vandspejlet. Siidanne sligninger er 
opforl pa side 116 (sc ogsii side 160), hvor del kan ses, al hvcr stigning af rnndspcjlct 
svaredc til en aflagc n af so mmerlcrnperaturen. 

Pa den anden side kan en s::cnkning af den lokale vandstand vanskeligt skelncs 
fr a den fremadskridcndc hydroscrc i vegetationsudviklingen. Som det fremgiir af 
listen pa side 117 (sml. ogsii side 160), rnodsvares irnidlcrtid hver stigning af sornm er­
temperaturen af en rendring til cl mere tort vcgelalionssladium ved minds! en af loka­
liteterne. Delle kan nreppe v::cre Lilfa!ldigt, og det antydes salcdes, at en stigning i sommer­
lernperaturen svarede Lil en srenkning af vandspejlcl. 

Del ser altsii ud til , at der var en intim sammenhreng rn ellem sommertemperalurcns 
rendringer og svingninger i vandspcjlel. Delle skyldcs sikkcrt sommerternperaturens 
indflydelse pa fordampningen. 

Kronologi. Rodebrek Interstadialet og Brorup lnterstadialet. 

Del kan scs af det ovenstaende, at rendringer af sornmcrtcmpcraturen udgjorde de 
vigtigste klima::endringer i de her sluderedc lidsrum. Folgendc ::cndringcr kan anses 
for nytlige for en afgnensn ing af krono-slratigrafiske enheder: 

(1) lcmperalurnedgangcn zone h- W 2 b 
(2) lcrnperalursvingningen zone W 2b- c- d 
(3) lcm peratursligningen zone W 2d- 3 a 
(4) lemperalursYigningerne zone W 3a- b- c- d- c 

(1) Tempcralurncdgangen zone h- W 2b afbrod vegctalionssuccessioncn i Ecm 
Inlerglacialcl. Den for!trsagede udbredelsc af skovlos vegetation pa cl Yisl tidspunkl 
under lernpcralurs::cnkningcn, og solifluklion fremh erskede i zone \V 2b. Tempcralur­
nedgangen har ulvivl somt give! sig udslag udenfor Danmark, i vegetationsudviklingc n, 
udbrcdelse af indlandsis, forckomst af periglaciale frenomener og ::endringcr i havcts 
niveau. Denne klima::cndring danncr salcdcs en passcnde grrense mellem Eem lnler­
glacialtideu og Weichsel Glaciallidcn. 

(2) Rod ebre k Int e r s tadial c l. Temperatursvingningen zone W 2b- c-d ud­
gjordes af en vresentlig stigning og s::cnkning af sornmertemperalureu. Del varrne Lids­
rum bor derfor anscs for et inlersladial, lokall Rodebcek lnlersladialet. Del fulgtes af 
temperaturminimet i uudcrzone W 2d, hvo r solifiuktion var udbredt igen . 

11 
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(3) Brn rup Int er s tad i a l et. Temperalursligningen afspejlet i vegetationsudvik­
lingen zone W 2d- w · 3a var vresentlig, muligvis 6- 8°C eller mere, og sommertempera­
turen forblev hoj i zonerne W 3- W 5. Vegetalionen reagerede ret langsomt, de forste 
rendringer kan spores ved overgangen W 2d- e, birkeskoven blev fremherskende ved 
overgangen W 2 e- W 3 a; men Larix , Pinus og Picea arterne indvandrede forst betydelig 
senere, og de lempererede lovlrreer naede ikke Lil landet. Denne temperalursligning har 
sikkert ogsa sat sig spor i et vidt omrade (sml. ovenfor). Del gunstige lidsrum afslul­
tedes tydeligvis af en betydelig lemperaturnedgang, som dog ikke er kendl i delailler . 
Del varme tidsrum bor anses for et storre intersladial i ,veichsel Glacialtiden, Br@rup 
Inlerstadialel . 

(4) Temperalursvingningerne i zone W 3 var sa ubelydelige, at de bor anses fo r 
sma oscillali oner indenfor Brnrup Interstadialet. 

Del ses saledes, al den ovre grrense for Eem Inlerglacial tiden, og lo in lerslad ialer 
fra lidlig Weichsel Glaciallid, Rodebrek Interstadialel og Brorup Inlersladialcl, kan 
udskilles p,\ grundlag af de i nrervrerende arbejde paviste temperalursvingninger . 

Den kronologiskc inddeling, som er foreslael her, er sammenlignet med JESSEN og 
MrLTHERs' inddeling fra 1928 nedenfor (sml. table 25, s. 11 9). Det kan ses, at disse 
forfalleres Stadium II med den ,,nedre tempererede fl ora" svarcr Li! Eem Inlerglacial­
tiden. Alle de yngre slad ier henregnes Iii Weichsel Glacial tidcn. Rodebrek Intersladiale t 
blev ikke udskill af JESSEN og MrLTHERS. Som omlalt i kapilel IV beslar J ESSEN og 
MrLTHERS' Stadium IV med den ,,ovre lempererede flora" fra Heming og andre 
lokalileler af omlejret interglacial! maleriale og sva.rer Lil et koldt lidsrmn. Stadium V 
med den ,,ovre subarkliske flora" svarer lil del varme Brorup Interstadial. 

JESSEN og MILTHERS 1928 (oversat) N::erv::erende unders0gelse 

Sidste Koldt understadium 
nedisning 

V. 0vre subarktiske fl ora Br0ru p Interstadial vVeichsel 

IV. 0vre tempererede fl ora Koldt understadium Glacialtid 

Rodeb::ek Interstadial 
Sidste III. Subarktisk fl ora Koldt understadium 
Interglacial 

II. Nedre tempererede fl ora Eem Inter-
glacialtid 

I. Nedre subarktiske og Saale 
arktiske fl ora Glacialtid 

Intel Isfremstod fra Weichsel Glacialtiden kan korreleres direkle med den her be­
skrevne serie fr a Vesljylland. Ved nedisningens maksimum naede den skandinaviske 
indlandsis omlrent til Brorup Hotel Mose. 

VII. BEMiERKNINGER OM VEGETATIONEN I NV-EUROPA 

I 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 ZAGWIJN, og en frelles kronologi 
opstilledes af ANDERSEN, DE VRIES og ZAGWIJN (1960). En oversigt over vcgelalions­
udviklingens hovedtnck i de lo omrader er visl nedenfor (sml. table 26, s. 121). 
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Bio-stratigraft Krono-stratigraft 

Danmark (ANDERSEN) Holl and (ZAGWIJ N) Alm. Kronologi 

Pollen 

I 
Vegetation Pollen 

I 
Vegetation Under-

zoner zoncr stadier 

W5 Skov af Pinus, Belula og Picea C Pinus, Betu/a, Picea, A/nus 
skov 

- Brorup 
W4 Skov af Betula , Pinus og Picea EWIV b Piceo, Pinus, Betula og Alnus 

skov Inter-

W3 Skov af Betula pubescem stadia! 

Betula nana, B. pubescens, a Aben skov af Pinus og Betula, 
e Populus, urtcr Picea tiltager 

·- -- -
SoliOuktion fremherskende Subarktisk parklandskab mcd d EW III Belula og Pinus 

-

I-~ Pinus-Belula skov 
EW II Amcrs-

W2 Belula skov foort 
C Betula nana, Juniperus, urter 

Aben skov og parklandsk::ib , lnler-
b stadia! meget Sa /ix 

-
b SoliOuktion fremh erskende EWI -
a Belula nana, Juniperus urter Subarklisk parldandskab mecl a 

Wl Subarktisk hede med spreclte hede. Pinus, Betula 
lra!Cr 
Tempereret skov Tempereret skov 

Klimakurver for de to omr:i.der sarnmenstilledes og navnene Amersfoort Interstadial 
og Brorup Interstadial er foresl:i.et brugt i en almindelig kronologi for de lo varme under­
stadier (svarer til Rodebrek Interstadialet og Brorup Inlersladialet i Danmark). Klima­
kurverne er gengivet i fig. 12, s. 133. 

Del formodes at skovens forsvinden og udbredelsen af skovl0se vegelalionstyper ved 
slutningen af Eem Interglacialtiden var temmelig samlidig i Nordeuropa. En hede­
vegetation betinget af sur jordbund fremherskede ,1benbart i Nordeuropa, formen LJig 
pa grund af en fremadskridende jordbundsudvaskning i Eem Interglacialliden. I de 
koldeste tidsrum i zone W 2 (underzonerne b og d) har der sikkert vreret isfremst0d i 
Skandinavien, og solifluktion fremherskede :i.benbart ogs:i. syd for Danmark. Tncfallig 
vegetation fremherskede i Holland. 

Under Amersfoort (Rodebrek) Intersladialet var Danmark skovlost, men syd for 
Danmark fondles sikkert skov af nordlig type med Pinus og Belula, som det var til­
freldet i Holland. 

Under Brorup Inlersladialet fremherskede skov af Belula, 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, Belula og Alnus fore­
kom i Holland. 

Ved Amersfoort overlejres aflejringerne fra Brorup Interstadialet af afiejringer fra 
middel og sen Weichsel Glacialtid. 

Under den st0rsle udbredelse af den skandinaviske is i Weichsel Glacialtiden n:i.ede 
denne orntrent til Brorup, og reldre israndsstadier blev sikkert odelagt; men inter­
stadiale lag kan trenkes bevaret i det nedisede omrade. I de folgende sider gives en 
oversigt over sadanne kendte afiejringer og over lagserier fra nabolandene mod syd 
og deres mulige korrelation med de ovenfor beskrevne undersladier. 
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De fra Skrerumhedcserien kendle planlerester (JESSEN, MrLTHERS, NORDMAN, HARTZ 
og HESSELBOE 1910) an lyder, at den marine scrie er interglacial. Det ,,gule sand" fra 
Ristinge Klint (MADSEN, NORDMAN og HARTZ 1908) kan ifolge WENNBERG (1949) mulig­
vis tilh0re et inlersladial; men de fundn e planleresler er for sparsomme til al muligg0re 
en sammenligning med Brorup Inlersladialet. 

Som det i0vrigl vil fremg:.i af den givne oversigt (sc den engelske tekst) kendes inler­
stadiale lag, der med sikkerhed er yngre end Eem Interglacialtiden, ogsa i Tyskland 
og Polen. De intersladiale lag ved Loopsledl og Harksheide kan med sandsynlighed 
henfores Lil Brorup Intcrsladialet. Andre af de omtalte planleforende afiej ringer kan 
ikke daleres, men visse af dem (se den engelske lcksl s. 129) lilh0rer muligvis Brorup 
Intersladialet. 

vrn. c14 DATERINGER 

Man har i den senere lid , isrer i Holland (DE VRIES), fors0g l al dalere prover reldre 
end 30- 40 000 ar med C14 metoden. Den oprindelige radioaklivilet i sadanne pr0ver 
er ringe, og resultalcrnc pavirkes derfor let af forskellig forurening. C14 daleringer i 
dette aldersomradc ma dcrfor betragtes med forsiglighed. 

Pr0ver fra del her beskrevne materiale er s0gt dateret ved dcnne melode. Aflcjringcrne 
har vrerel drekkct af stiJieslaende grundvand, og roddcr af ung dalo kan n reppe have 
forekommel. Derimod kan lilstedevrerelse af infiltreret recent humus ikke udelukkes. 
Prnvcr, hvor humus-indholdet ikke var fjern et, viste en aktivitet, som kan skyldcs lil­
sledevrerelse af infiltrerct recent humus (TAUBER og DE VRIES 1958). Delle grelder 
ogsa en prnve daterel i U.S.A. (Y-257, sc nedenfor). Prnver fra Brnrup Hotel Mose, 
hvor humus-indholdel var fjernet (GR0-1264, 1263, K-526, GR0-1256, 1466, se listen 
nedenfor) , vislc ingen akti vilel, der kundc males med den anvendte metode, og de er 
saledes reldre l'nd 40- 50 000 ar. 

Nye og sl0rre prnver (fra BP 1 a og BP 2) er blevet unders0gt af DE VRIES ved bc­
rigelsesmetoden. Denne metode muligg0r datcring af prover, der har for lidt radio­
aktivitet til direkte maling med de eksisterendc midler. Radioaktiviteten af prnverne 
beriges ved passage gennem lange di1Iusionss0jler, indtil den er tilstrrekkelig stor Iii 
maling, og da berigelscsgraden ogsa kan males, kan prnvens oprindelige aktivitet og 
dens sandsynlige alder beregnes. Denne metode udvikledes af HARING, DE VRIES og 
DE VRIES (1958), og den g0r det muligl at dalere prover af en alder op til ea. 70 000 ar; 
men den er srerdeles langvarig og besvrerlig, og kun cl ringe antal dateringer foreligger. 
Resultaterne b0r derfor indtil videre betragles afventende. Dateringcrne GR0-1729 
og GR0-1470 nedenfor er malt pa berigede prnvcr. 

Folgcnde C14 dateringer er opnaet (i ar for nu): 

Heming: 
BP 5 Pollenzone W 3 a (4.62- 4.73 m.) Y-257 

Pollcnzone W 2 e (5.05- 5.12 m.) Y-258-3 
Rodebrek I: 

BP 57 m. Poll en zone W 2 c (2.99- 3.10 m.) Y-259-1 

Se BARENDSEN, DEEVEY og GRALENSKY (1957). 

Brorup Hotel Bog: 
BP 1 Pollenzonc W 3d- e (2.85- 2.90 m.) 

Pollcnzone W 3c- d (3.37- 3.48 m.) 
Pollenzone W 3 b (3.96- 4.08 m.) 
Pollenzone W 2a (6.81- 6.91 m .) 

Se TAUBER og DE VRIES (1958). 

GR0-1264 
GR0-1263 
K-526 
GR0-1256 

19 580 ± 730 
> 30 000 

> 30 000 

> 50 000 
> 50 000 
> 40 000 
>50 000 



BP l a 
BP 2 

Pollenzone W 3 c 
Pollenzone W 5b- c (2.64- 2.70 rn .) 
Pollenzone v,r 4 (3.22- 3.30 m .) 

GRO-1729 
GRO-1 466 
GRO-1470 

Se ANDERSEN, DE VRIES og ZAGWIJ N (1960). 

165 

58 740 ± 1000 
> 50 000 

59 430 ± 1000 

De opnaede dateringer af de berigede prover (GRO-1 729 og GRO-1 470) er sa n::cr 
hinanden, at de i betragtning af fejlkilderne er ens. I virkeligheden er prnven GRO-
1729 (pollenzone W 3e) ::cldre end GRO-1470 (poll enzone W 4); men aldersforskellen 
mellem de lo prover kan have v::cret ganske ringe. 

Pollenzonerne 'vV 3 e og Vv 4 tilhorer Brorup lnlerstadiaJet, og dateringern e viser 
derfor at dette lnsterstadial sandsynligvis skal dateres Iii ea. 59 000 a r for nu. Den 
meste dal.cring fra Weichsel Glacialtiden i Danmark er fra Allerod Intcrstad ialct, 
11 880 ± 340 ii r for nu (K-106, AN DERSON, LEVI og TAUBER 1953, IVERSEN 1953) . 
Bolling I nlerstadiaJet Jigger forud for Allerod lnterstadialet, det er i Holland dateret 
Iii ea. 12 300 ar for nu (DE VRI ES, BARENDSEN og W ATERBOLK 1958). Der forlob sa­
ledes form entlig 50 000 ii r mellem Brorup Interstadialet og Bolling lnlerstadialet. Om 
dette tidsrum i Danmark ved vi kun, at det indeholdt 'vVeiehselnedi sningens maksimum . 

Pal::colemperaturkurver for Weichsel Glacialtiden i Danmark og Holland er vist i 
fig. 12 (s. 133) .I Holland er Amersfoort (Rodeb::ck) Interstadialet dateret til 64 000 ± 
1000 ar for nu (GRO-1 397, beriget prove, ANDERSEN, DE VRIES og ZAGWIJN 1. c.). Del 
anlydes saledes, at det kolde understadie mellem Amersfoort og Brorup Interstadialct 
varede omkring 3000 ar. L::cngden af det kolde understadie, der adskilte Amersfoort 
Interstadialet fra Eem Interglacialtiden er ukendt ; men det kan anslas, at Eem lnter­
glacialtiden muligvis sluttede for ea. 70 000 i\r siden. Weichsel Glacialtiden varede 
saledes formentlig omkring 60 000 ar. 

Fra Mousterien-fundpladsen ved Lebenstedt i Nordlyskland foreligger en C14 

datering til 48 300 ± 2000 ar for nu (DE VRIES 1958). Den daterede prove stammer fra 
en kuldeperiode, og hvis dateringen er rigtig, viser den, at Brorup lnterstadialet af­
sluttedes for dette tidspunkt. 

E n vedprove fra aflejringen ved Chelford, England (se s. 128), er af DE VRIES dateret 
til 57 000 ar for nu (beriget prove, SIMPSON og W EST 1958). Denne datering stemmer 
med en korrelation af ailejringen med Brorup InterstadiaJet (s. 129) . 

F ra Agro Pontino ved Rom kendes en inleressant datering af en stamme af Abies alba 
til 65 000 ii r for nu (beriget prove, BLANC 1958). Abies-stammen fan d tes over en strand­
allejring fra den tyrrhenske transgression og markerer en temperaturs::enkning, som 
formentlig svarer Iii Weichsel Glacialtidens forste kolde lidsrum . 

EMILIANI (1958) fremstillede en kurve for temperaturvari alioner i overll adeYand et 
i Nordatlanten i Pleisloc::entiden. Temperaturrendringerne er dateret ved C1 4 be­
stemmelser 20 000 a r tilbage; men ii rstaJ derudover er fund et ved ckstrapolalion , og 
er derfor noget usikre. E~nLIANI (I. c.) korrelerede en r::ckke temperaturminimer rnellem 
- 10 000 og - 70 000 a r med sidste glacialtid. Hvis denne korrelation er korrekl , 
srnrer temperaturminimct mellem - 60 000 og - 70 000 ar (EMILIANI's stadium 4) 
abenbart til det kolde lidsrum, dcr adskilte Brorup Interstadialct fra Eem Interglacial­
liden. Amersfoort (Rodeb::ck) Intcrstadialet var abcnbart for kortvar igt til at bli ve 
markerct pa kurven. 
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Plate I. 

1. Larix sp., leaf epidermis with stomata, 500 x (see description 
on p. 22) . Pollen zone W 4. Br0rup Hotel Bog. 

2. Larix sp., pollen grain, 500 x (see description on p. 22). 
Pollen zone W 4. Br0rup Hotel Bog. 

3- 5. Elisma nalans, achenes, 20 x (see descripti on on p . 23) . 
Pollen zone W 3. Brorup Hotel Bog. 

6- 8. Elisma nalans, pollen grains, 1000 x (sec description on 
p . 23). Pollen zone W 3b. Brorup Hotel Bog. 

6: focu s 2 (phase contrast, note : indistinct annuli, muri with 
densely crowded columellae). 7: focus 1 (no te: indistinct a nnuli) 
8: focus - 1 (no te: coarse microcchini). 
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Plate II. 

1- 2. Scleranlhus perennis, pollen gra in , 1000 x (sec desc ription 
on p . 24) . Pollen zone W 2c. Brorup Hotel Bog. 

1: focus O ( note : p erforations seen in negative as small black 
do ts). 2 : foc us 2 (no te: coa rse columellae, annuli). 

3- 4. As/raga/us danicus, pollen grain , 1000 X (sec descri ption on 
p. 26). Pollen zone \V 2c. Brorup Hole] Bog. 

3 : focus 1 (note sculp ture). 4 : focus 5 (no te: pore configuration). 

5- 8. Swerl ia pereI1I1is, pollen grain, 1000 X (sec description on 
p. 25). Pollen zone \V 2a. Brorup Hotel Bog. 

5: focus O ( note: irregular striation, perfora tions seen in n egati ve 
as dark dots). 6: focus 1 (note: per forat ions seen as wh ite clo ts). 
7: focus 2. 8: foc us 5. 
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Plate III. 

1- 2. Teucrium monlwwm, poll en grain , 1000 x (sec description 
on p . 25). 

1: foc us 2 (note : colurnellac, rni crocchini) . 2 : focus 5 (note : 
tecturn thi ckened near the poles). 

3- -1 . Linum auslriacum type, fragm ent ol' a pollen grain , 1000 x 
(see description on p. 27). Pollen zone \V 2d. Ilrorup Hotel 
Bog. 

3 : focus 2 (note: transect of verru cae) . 4: f'oc 5 ( note: fl a t-lopped 
verrucae) . 

4- 8. Plan /ago lanceolala , pollen grain , 1000 x (see description 
on p . 42) . Pollen zo ne \V 2e. Herning. 

5: focus 1 (note : microcchini ). 6: focus 3 (no te: a nnuli) . 7 : focus 
1 ( ph ase contrast, no te: rnicrocchini) . 8 : focus 2 ( phase conh·ast, 
note: columcllac, operculurn). 
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Plate IV. 

1- 2. Plan/ago marilima, pollen grain, 1000 x (non-annulate type, 
see description on p. 42). Pollen zone W 3a. Heming. 

1: focus 1 (note: microechini, granula te pore). 2: foe 5 ( note : 
non-annulate pores). 

3- 7. Plan/ago marilima, pollen grain, 1000 x (annulate type, see 
description on p. 42). Pollen zone W 2c. Rodeh~k I. 

3: focus 1 ( note: microechini, annuli ). 4 : focus 5 ( note : annuli) . 
5: focu s - 1 (no le: gr:rnu l::ite pores). 6: focus 1 (ph ase co nlrast, 
nole : microechini). 7: focu s 2 (phase conlrasl, note: columell::ie) . 

8. Symphylum sp. , pollen grain, 1000 X (sec description on 
p . 23) . Zone W 4. Brorup Hotel Bog. 
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PLATE V 

[IT] S h - Substantia humosa (humous substance) 

vvvvvv 
vvvvvvv 
vvvvvv 

m 

L L L l 
L L L 

L L L L 

T 14 - Turfa lignosa (tree roots, stumps, etc., strongly decomposed) 

T h4 - Turfa herbacea (herbaceous roots, etc. strongly decom­
posed) 

T h2 - Turfa herbacea (herbaceous roots, etc., slightly decom­
posed) 

D h - Detritus herbosus (herbaceous plant fragments) 

D g - Detritus granosus (coarse-detritus) 

L d 3 - Limus humosus c. detritu (fine-detritus + much humous 
substance) 

L d2 - Limus humoso-detrituosus (fine-detritus + some humous 
substance) 

A - Argilla (mineral particles, < 0.06 mm. , clay and silt) 

Ga + s- Grana arenosa + saburralia (mineral particles, 2.0-
0.06 mm. , sand) 

~ G g - 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). 



' 
Plate VI. 

P ollen diagram, .Brorup Hotel Bog. BP l (STA). 

For dcla ils, sec pp. 15-Hi. A. Total diagra m. B. Curves for "non­
local" pollen a nd spore types (groups (1) and (2), p. 15). C. Curves 
for "!oral" pollen and spore types (group (3), p. 15), omitted from 
the pollen tot:11s. Black silhouettes indicate percentages, white 
silhouettes percentages exaggerated by 10 x . Striation of the hlat:k 
silhoueltes, and punctuation of the curves indiL:atc 11ml the pollen 
or the spores of the said plant, or the main part of it, is considered 
to be rebccldcd (sec lhc text, p. 60- 55). 

For dctaillc r se s. 15- lG og s . 153. A. T otaldiHgram. B. Kun·cr 
for >iikkc Iokale,< pollen og spore typcr (gruppc (1) og (2), s. 
153). C. Kurver for )>loki1le<< pollen og spore typer (gru()pC (3), 
s. 153), udelad t fra pollcnsummen. Sor te silhuc tler a ngivcr p ro­
ccnlcr, llVide silhuetter procenler overdrc,·ct 10 x. Strilming af 
de sortc silhuetler og stihling af kurYerne angiver at vedkom ­
men<le pollen eller sporcr ansi:s for al vaere omlejr el (se s. 50- 55 
og s. 154). 

Pollen totals: 2.G9 m : 10G8. 2.71 m: !)68. 2. 7i m: 1188. 2.8:3 mm: 997. 
2.9i> m: 1192.3.06 m: 1092. 3.:w rn: 951. 3.35 m: 1053.3.30 m: 1007. 
;J.70 m: 1130. 3.82 m: 1090. 3.88 m: 94~). 3.91 m: 967. 3.97 m: 1128. 
4.03 m: 1183. 4. 12 m: 904. 4.19 m: 1070. 4.22 m : 1220. 4.25 m: 897. 
4.28 m: 956. 4.:l1 m: 987. 4.37 m: 1021. 4.50 m: 1030. 4.72 m: 1022. 
5.00 m: 1043. 5.21 m : 1138. 5.40 m: 910. 5.59 m : 1015. 5.81 m: 1009. 
f1.88 m: 1083. 5.92 rn: lOM. fi.96 m: 10or,. 6.02 m: 1001.6.19 m: 1051. 
6.38 m: 974. 6.50 m : 1106. 6.59 rn: J 002. 6. 70 m: 107G. 6.82 m: 1176. 
(U)O rn : 9\JJ. 7.00 rn: 1059. 7.20 m: 104:~. 7.29 m: 1013. 7.36 m: 940. 
7.39 rn: 968. 7.42 m: 922. 7.45 rn: 927. 7.51 m: 1036. 7.54 m: 1012. 
7.fi8m: 1137. 7.6\J m: 1059. 7.79 m: ()\)l _ 
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Plate VII. 

Pollen diagram. Brorup Hotel Bog. BP 2 (STA). 

Sec explanation to Plate VI. The pollen content of layer D is 
eontarninatcd with rcbedded pollen (p. 61). 

Se plate VI. Poll enindholdet i Jag D er blandet m cd omlejret 
pollen. 

Pollen totals: 2.5 1 m: 1212. 2.59 m : 1078. 2.61 m : 940. 2.65 m: 1024. 
2.67 m: 958. 2.6\J m: 1055. 2.72 m: 1024. 2.74 m : 1085. :U\J m : 1117. 
2.85 m: 1061. 2.92 m: 1060. 3.00 m : 1003. 3.04 m : 923. 3.06 m : 990. 
3.10 m: 1023.3.14 m: 1070.3.21 m: 1111.3.26 m: 902 . 3.29 m: 1165. 
3.33 m: 1005. 3.39 m: 1109. 
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Plate VIII. 

Section. Rodebrek I. 
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Plate X. 

Profiles at BP 1-5 (STA). Heming. 

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. Heming BP 1 (ST A). 

Sec explanation to plate VI. The pollen content of most of the 
layers is contaminated with rebedded pollen (sec p. 70) . 

Se forklaringen Iii plate n . Pollenindholdet i de fieste lag er 
blandel med omlejret pollen . 

Pollen totals : 1.20 m: 4 13. 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: 3 71. 6.00 m: 522 . 6.50 m: 997. 6.77 m: 1050. 
6.90 m: 920. 7.10 m: 1059. 7.15 m: 11 51.7 .3 1 m: 1030. 
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Plate XII. 

Pollen diagram. Heming BP 3 (ST A). 

See explanation to plate VI. The pollen content of most of the 
layers is contaminated with rebedded pollen (see p . 70) . 

Se forklaringen Iii plate VI. Pollenindholdet i de fleste lag 
er blandet med omlejret pollen . 

Pollen totals : 1.98 m : 522. 2.02 m: 532. 2.11 m: 591. 2.33 m: 554. 
2.7 5 m: 543. 3.13 m: 608. 3.20 m: 458. 4.25 m: 544. 4.60 m: 491. 
5.01 m: 434. 5.35 m: 576. 5.65 m: 505. 5.65 m 400. 5.80 m: 443. 6.00 m: 
545. 6.50 m: 617. 7.10 m: 400. 7.60 m: 431. 8.00 m: 559. 8.25 m: 954. 
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 s (STA) Diagrnm 1 

2,00 A B C 2,m 
cent -----c>- Per cent (black) 
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Plate XIII. 

6,iJO 6,oo 
Pollen diagram . Herning BP 5 (STA) Diagram 1. 

See explanation lo plate VI. Most of the layers are contaminated 0 

with rebedded pollen (see p. 70). The frequ encies for .E »th ermo -
philous trees and shrubs« should read as follows, 2.95 m : 3.7 '.1/0 . 8,oo d d 8,00 

3.02 m: 4.9 %. 3.14 m : 7.0 % (black silhouette instead of the 
white one). 0 

Se forklaringen til plate VI. De fles te a[ lagene indeholder 
omlejret pollen. 10,oo 0 
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Plate XV. 

Average frequencies for pollen and spore types. 

Genncmsnitsfrek\·enser for poll en og spore typer. 

See the explanation on p . 81. The fi gures in brackets indicate 
the number of pollen grains or spores of th e said plant. In group 
III, the white silhouettes in zone W 2 and " ' 3 indicate th at the 
pollen or spores are considered rebedded from interglacial layers, 
according to the discussion on pp. 50- 55. 

Se forkla ringen s. 81 og s. 155 . T all ene i parentes ,·iser an­
tallet af pollenkorn eller sporer af den pii.greldcnd c plante. I 
gruppe III vi scr de hvide silhouetter i zone W 2 og V,7 3 at 
pollenet eller sporerne anses for omlejrede fra interglac iale lag 
ifolgc diskuss ionen pa s. 50- 55. 

PoJlen totals: Zo ne W 1: 4055. Zone \V 2a: 4247, b : 3\!06, c: 2::1 1 7, 
d: 3152, e: 2434. Zone W 3a : 2869, b : 5 153 , c: 5152 , d: 4288, e: 2185. 
Zone vV 4: 3330. Zone W 5: 32 16 ( the pollen a nalys is from zone W 3a 
\\" US supplem ented wi th a n extra count to b r ing the pollen total on an 
equal with th e other zones a nd suhzones). 
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