PLEISTOCENE STRATIGRAPHY AND
GLACIAL HISTORY OF THE CENTRAL

PART OF

Michael Houmark-Nielsen

DGF

R

1 Pleistocene stratigraphy

DENMARK

Houmark-Nielsen, M.: Pleistocene stratigraphy and glacial history of the central part of Denmark. Bull.
geol. Soc. Denmark, vol. 36, pp. 1-189. Printed 9-10-1987. https://doi.org/10.37570/bgsd-1988-36-01

The Pleistocene deposits of Denmark are largely composed of two major facies that interfinger with each
other: 1) tills, and 2) waterlaid outwash material. The two facies are occasionally interbedded with inter-
glacial or interstadial deposits. .

By applying lithostratigraphy combined with structural analysis in open exposures, a glacial stratigraphy
of the Pleistocene has been established, and the glacial history interpreted. Only till units are classified
lithostratifically because of their high regional consistency compared to waterlaid outwash deposits. Cor-
relation of till units is based on three basic properties: lithology, stratigraphic position and associated gla-
ciotectonic boundaries.

Lithic characteristics, some of which have local value whilst others indicate regional properties, include
data onlocal glacier flow directions from fabric analyses and the contents of provenance dependent com-
positional features, the latter may provide information on the long range path of glaciers. Fine gravel ana-
lyses and stone counts demonstrate, that distinct stratigraphical relationships exist between tills rich and
poor in quartz as well as between tills of Fennoscandian and Baltic provenance primarily indicated by the
quantities of Paleozoic limestone clasts. The contests of re-deposited Quaternary foraminifera primarily
serve as lithic characteristica and secondly as a guide line to estimate the possible age of a till unit.

Bounding relations between till units are studied with special emphasis on glaciotectonic unconfor-
maties. They not only serve as supreme marker horizons on a regional scale, but they also supply high
rank information on the local direction of glacier movement. Analysis of glaciotectonic structures often
constitutes the implement by which the stratigraphy of a dislocated glacial sequence can be recognized.

Using a combined set of glacial-stratigraphic methods, about 200 selected localities in the central part of
Denmark have been investigated over the past ten years.

Studies at eight principal localities and two key localities, some of which are classical exposures, provide
the foundation for a litho-stratigraphic model for the till units.

The Elsterian glaciaiton is represented by three till units (SONDER VISSING TILL, PALSGARD
TILL, SNOGHQIJ TILL) of Norwegian, Middle Swedish and Baltic provenance respectively. The Saalian
comprise three till units (TRELDE NS TILL, ASHOVED TILL, LILLEBZELT TILL), the two former
are of Fennoscandian provenance and the latter of Baltic provenance; deposited in the above mentioned
order by icesheets from the north, the northeast and from the east respectively. The Weichselian is build
up of six till units, the oldest of which (RISTINGE KLINT TILL) was most probably deposited later than
36800 BP. This Baltic till isfollowed by three tills of Fennoscandian provenance (KATTEGAT TILL, MID
DANISH TILL, NORTH SJELLAND TILL) deposited respectively from the north, the northeast, and
the east. The two youngest Weichselian till units are of Baltic provenance (EAST JYLLAND TILL,
BZALTHAV TILL) and they were deposited from south-easterly directions before 13500 BP. ~

Till beds are erected into formal lithostratigraphic units of Formation rank and they are extended to
cover extraregional till units, correlation is based on stratigraphic position, lithology and boundaries.

The following glacial history can be outlined.

During the Elsterian the Sgnder Vissing till, the Palsgird till and the Snoghgj till were deposited by
three glacial advances probably in the chronological order as mentioned above. During the Holsteinian in-
terglacial, marl and diatomite were deposited in lake basins in the central part of the region.

The Saalian glaciation was initiated with the deposition of outwash material by southerly to southwest-
erly directed meltwater streams and succeeded by an ice-stream from southern Norway, which deposited
the Trelde Nas Till. After deposition of this till, interstadial conditions prevailed, and outwash material
was deposited by westward flowing meltwater streams. This interstadial phase was followed by the second
Saalian glacial advance during which the Ashoved Till was laid down by an ice-sheet from Middle Sweden.
Prior to the last Saalian glacial phase, outwash material was deposited by generally westward flowing melt-
water streams, that probably emerged from the Palaeobaltic ice. This latter deposited the Lillebalt Till
and invaded the country from the western part of the Baltic.

During the Eemian, lake sediments were formed in kettle bogs on the surface of the Lilleblt Till, while
at the same time, marine sediments were deposits in the southern and northern part of the examined re-
gion.

Tundra vegetation developed in a dry polar climate characterize the Early- and the larger part of the
Middle Weichselian. Interstadial deposits with an age of about 36800 BP were formed on Sejerd — prob-
ably prior to the Old Baltic ice advance, which in the southern and eastern part of the region deposited



the Ristinge Klint Till from the Baltic. The Old Baltic advance was succeeded by the Norwegian advance
which came from southern Norway crossing the Kattegat depression and deposited the Kattegat Till in the
northern part of the region. After deposition of the previouslymentioned two till units, interstadial condi-
tions re-occurred and meltwater streams transported outwash material northward into the Kattegat basin.

A change in meltwater palacocurrent direction towards the west indicates the approach of the Main
Weichselian advance. This advance crossed Middle Sweden and deposited the Mid Danish Till, and it
probably reached its maximum extension along the Main Stationary Line at around 20000 BP. A read-
vance during the general retreat of the Main Weichselian icestream crossed Fyn from the NE, and outwash
streams were generally directed towards the north until a younger re-advance from easterly directions de-
posited the North Sjzlland Till in the eastern part of Denmark. This re-advance may have occupied the
northeastern part of Denmark and Kattegat before giving way to the transgression of the Younger Yoldia
Sea, which was initiated about 15000 BP in Vendsyssel. Whilst this transgression was progressing the Main
Weichselian ice sheet retreated to a probable position along the Swedish west coast. Northward flowing
meltwater streams prevailed, at this time, in the central Danish region, until the Young Baltic icesheet ad-
vanced from the Baltic depression and deposited the East Jylland Till. This advance formed the East Jyl-
land ice border line, probably around 14000 BP. During the East Jylland advance, northward directed
drainage patternsprevailed in the northern part of the region, whereas outwash material was deposited by
westward flowing streams in southern Jylland. '

The East Jylland ice sheet retreated to a position south-east of the examined region before the Bzlthav
re-advance deposited the Bzlthav Till. Still supplied from the Baltic this readvance reached the classical
QOdsherred ice marginal zone of Northwest Sjzlland and gave rise to the final molding of the ice marginal
hills of North Sams¢ and the archshaped shoals in Storebzlt.

During the Weichselian, the Saalian, and probably also the Elsterian, the direction of the majority of ice
sheet advance that invaded Denmark changed in a “clockwise” manner. During each glacial, an initial ad-
vance from the north was succeeded by one from northeast ending up with one from the east and south-
east. The change in direction of advance is accompanied by a corresponding change in the provenance de-
pendent elements of the till units. Hence, the “clockwise” pattern established for the Danish region can
reflect a fundamental trend in the dynamic evolution of consecutive Scandinavian ice sheets. The present
study therefore, may provide important guide lines for future attempts to establish more detailed the-
oretical glaciological models for the dynamics of these former Scandinavian ice sheets.

Houmark — Nielsen, Michael. Institut of General Geology, University of Copenhagen, {stervoldgade 10,
DK-1350 Kpbenhavn K., Denmark. June 16th 1987.
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1. INTRODUCTION

Denmark is part of the North European mid-
latitude lowlands (fig. 1), which suffered re-
peated glaciations during the Pleistocene. Gla-
ciers originating in the Scandinavian highlands in-

5

vaded the country from northerly, northeasterly
and southeasterly directions. The mixing during
glacial transport of erratics respectively from
southern Norway, middle Sweden and the Baltic
Sea with more locally derived rocks and fine
grained material eventually led to the successive
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deposition of tills and outwash sediments. The re-
sultant glacial sequences are found throughout
Denmark and are occasionally interbedded with
interglacial/interstadial deposits.

Owing to the erosive power of glaciers, expo-
sures show local as well as regional “gaps”. In ad-
dition, glaciotectonic deformation often caused a
complex structural setting of the sequences now
exposed. Thus, a structural chronology is added
to the depositional succession and it is recog-
nized, that the more tectonically composite expo-
sures are, the more units can often be studied
along cliff sites or excavations of restricted size.

The central Danish region has been subjected
to intense glaciostratigraphic studies during the
last century. One object of the present investi-
gation was to test out and to continue devel-
opment of classical as well as modern glacial-
stratigraphic methods within a kinetostrati-
graphic framework as presented by Houmark-
Nielsen & Berthelsen (1981), and Houmark-Niel-
sen (1983b). Another object was to identify and
give a formal classification of lithostratigraphic
till units and to map their distribution within the
examined region. A historical presentation of
previous works is followed by the establishment
of a lithostratigraphical model from studies of ten
principal, key localities. This model is tested out
and adjusted accordingly by examination of a
dense network of 190 localities in the examined
region before a lithostratigraphic classification of
12 till formations is errected. Thirdly, these stud-
ies have led to an increased knowledge of the gla-
cial history of Denmark in general and the exam-
ined region in particular.

It is recognized that the Pleistocene of Den-
mark consists of an interfingering system of two
major facies. 1) diamicton facies of glacial origin
deposited as till; and 2) waterlaid facies compris-
ing gravel, sand and mud mainly deposited by
glacial outwash. The two facies are occasionally
interconnected by transitional facies types (Hou-
mark-Nielsen 1983a), but usually the facies
boundaries are non-gradational and erosive on
both a local and a regional scale. Biogenic, inter-
glacial/interstadial deposits have been preserved
locally and serve as important marker beds.

The concept of kineto-stratigraphy (Berthelsen
1973, 1978), which has been applied by several
Danish geologists over the past decade (cf. Hou-
mark-Nielsen & Berthelsen 1981), pays special

attention to the directional elements of tills and
to glacier-induced deformations. A basic require-
ment in the use of kineto-stratigraphy and one
which has been subsequently confirmed (cf. Ber-
thelsen 1978, Petersen 1978, Sjgrring 1981), is
that each of the Pleistocene glaciers which
reached Denmark possessed a characteristic and
regular pattern of ice flow. The main emphasis in
correlation of kineto-stratigraphic till units is

- therefore based on similarities in the kinetic pat-

tern. However, if the direction of movement of a
given ice sheet changes during the advance or re-
treat of the glacier, or the glacier splits up into
lobes of independent directions of movement, or
successive advances show similar directional pat-
terns in the area of observation, difficulties arise
in defining the individual till stratigraphic units
on the basis of kinetics alone. In such cases the
lithic characteristics of till, such as provenance
dependent compositional features, may consti-
tute the only valuable data for correlation.

By employing kineto-stratigraphy (Houmark-
Nielsen 1976a,b,c, 1980, 1981, Houmark-Nielsen
& Berthelsen 1981) and other sedimentary as
well as morphological methods (Houmark-Niel-
sen 1983a, 1983b, 1983c, Houmark-Nielsen &
Kolstrup 1981, Clemmensen & Houmark-Nielsen
1981) in the study of glacial deposits in the Cen-
tral Danish region, a more conclusive stage has
been reached where a formal lithostratigraphy of
till units from the Pleistocene of Denmark can be
established. The lithostratigraphic classification
thus applied is founded on the North American
Stratigraphic Code (North American Commis-
sion on Stratigraphic Nomenclature 1983), which
is regarded as an up to date, readily accessible
and more schematic presentation of the rec-
ommendations laid down in the International
Stratigraphic Guide (International Subcommis-
sion on Stratigraphic Classification 1976). Lithos-
tratigraphic classification combined with structu-
ral analyses on the deposits of former ice sheets
provides information of the same character as a
kineto-stratigraphic approach; and moreover it
facilitates correlation with till units that have not
been or can not be classified kineto-stratigraph-
ically. It should however be mentioned, that a ki-
neto-stratigraphic evaluation is given as well for a
number of tills.

It has not been regarded advantageous to fol-
low the North American Commission on Strat-
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ume.

igraphic Nomenclature (1983) in applying an al-
lostratigraphic classification as supplementary to
the established kinetostratigraphy of glacigenetic
deposits in Denmark. Allostratigraphic units are
defined and identified on the basis of bounding
discontinuities alone,. thus internal characters,
which play no role in allostratigraphic classifica-
tion, may vary greatly both laterally and ver-
tically throughout a unit.

As stated in the above mentioned stratigraphic
codes, glacial deposits such as tills and outwash
sediments may constitute valid lithostratigraphic
units. Such deposits conform to the law of super-
position and they can be classified according to
lithic characters and stratigraphic position.

As a natural and readily applied substitute for
the more formally correct and neutral term “di-
amicton”, the word “till” is used to name diamict
units, even though such a term would imply some
genetic properties. This is considered to be justi-
fied because the diamict units classified lithostra-
tigraphically in the present paper show a wide
range of glacially imprinted characteristics which
distinguishes them from diamictons deposited in
environments not influenced by glaciation. To all
appearances, the definition given by Francis
{1975), that till is a diamicton deposited directly
from or by glacier ice without intervention of run-
ning water, can be applied in the present classi-
fication. Therefore the word till is used here as a
term for glacigenetic diamictons without any
preference to mode of deposition such as lodging,
basal meltout etc.

In the present study till units form the basic fra-
mework in glacial stratigraphy. They are deposi-
ted by large inland glaciers of high regional uni-
formity, whereas the waterlaid deposits often
show local distribution, they hold inconsistant
lithic characters and their paleocurrent patterns
are governed by local topography.

The till-stratigraphic framework thus erected in
the central part of Denmark is built up of 12 for-
mations (fig. 2). Three older, Elsterian till units:
Sgnder Vissing till, Palsgard till and Snoghgj till
underlie the Saalian Trelde Nas Till, Ashoved
Till and Lillebzlt Till. These are in turn overlain
by six younger Weichselian formations compris-
ing Ristinge Klint Till, Kattegat Till, Mid Danish
Till, North Sjzlland Till, East Jylland Till and
Belthav Till.

The signatures for individual till-formations
shown in fig. 2 are used as a leitmotif of the pres-
ent thesis. The formations they represent appear
throughout the central part of Denmark, but they
can readily be extended to cover the whole of the
country.



2. PREVIOUS INVESTIGATIONS

This section is a historical review of glaciostra-
tigraphic- and glaciomorphological studies in
Denmark, with special attention upon the two
fundamentally different lines of thinking, that is,
the monoglacial and polyglacial models for the
course of events during individual glacial stages.
For geographical location of sites, regions and ge-
ological features mentioned in the text see fig. 3.

Previous investigations of regional significance
for stratigraphic studies in the central Danish re-
gion was initiated by the publication of map
sheets by the Geological Survey of Denmark at
the end of the last century.

Contrary to the view of Rgrdam (1893) who fa-
voured a polyglacial model for the Pleistocene it
was Ussing’s (1899) opinion, that a stratigraphic
sequence of two till beds separated by water laid
deposits was simply the product of oscillations of
the same ice sheet and not evidence of two inde-
pendent glacial phases. It was Ussing (1899) who
gave the first meaningfull explanation of the main
features of the Danish glacial landscape; his start-
ing point was the glaciation model presented by
Torell (1872, 1873) and DeGeer (1884). The
great contribution of Ussing (1903, 1907) was to
outline the Main Stationary Line (Hovedophold-
slinien) through central Jylland. The course of
this line was defined as the junction between the
sand and gravel planes in the west and hilly coun-
try with boulder clay deposits towards the east.
Ussing interpreted this morphological dividing
line as being formed during a stationary period of
a large inland ice sheet, which had previously
covered the whole of Jylland. This ice sheet con-
sisted of merging ice streams from Norway, Swe-
den and the Baltic, and during this stationary
period northern and eastern Jylland, the Kattegat
region and the Danish Islands were covered sim-
ultaneously by ice from the north, north-east and
the east respectively. At this state the large
sandur plains of western Jylland were formed. At
a later stage the ice cap melted north-eastwards
forcing the outwash to follow more northerly di-
rected routes, through the western Limfjord re-
gion.

In a later edition Ussing (1913) implied that the
East Jylland Ice-border line, described by Harder
(1908) and the terminal moraines of Northwest-
ern Sjzlland (Odsherred buerne) described by

Milttiers (1900), were younger features devel-
oped during halts in the general retreat of the
joint ice cap, that previously had its position
along the Main Stationary Line.

In contradiction to Ussing, Harder (1908)
stated that the East Jylland Ice-border line repre-
sented the maximum extension of a younger and
independent ice advance and he argued that the
larger part of the previously ice covered Jylland
was ice-free (except for isolated, dead ice masses)
before the advance of the East Jylland ice. Melt-
water streams from this ice advance were direc-
ted into the Kattegat depression, indicating that
the larger parts of northern Denmark had be-
come ice free. The pronounced difference in clast
composition between the till deposited during the
Main stationary state (characterized by Norwe-
gian and other Fennoscandian indicators) and the
till of the East Jylland advance (dominated by
rock fragments of the Baltic) would, according to
Harder, indicate that direction of glacier move-
ment and region of provenance had shifted away
from the Fennoscandian Shield towards a unified
supply from the Baltic depression during the East
Jylland advance.

Rgrdam (1893, 1899) and Rgrdam & Milthers
(1900) were the first to recognize two individual
till beds separated by waterlaid deposits covering
the larger part of North Sjzlland. Rgrdam de-
scribed a lower till characterized by Norwegian
indicators and re-deposited molluscan fragments
derived from the Older Yoldia clay of Vendsys-
sel, as distinct from an upper till dominated by
Baltic and Dala indicators. The waterlaid depos-
its, with amber and twig bearing sands and re-
deposited molluscan fragments similar to those
found in the lower till was, in R@rdams opinion,
of interglacial origin.

Supplemented by information from published
mapsheets (Jessen 1899, 1907, Madsen 1897,
1900, Milthers 1908, Ussing & Madsen 1897) and
descriptions of marine (Madsen et al. 1908) and
limnic (Hartz & @strup 1899) deposits, Rgrdam
(1909) outlined the Quaternary stratigraphy of '
Denmark stating that tills from three glacials
were separated by deposits of two interglacials.

According to Rgrdam (1909) an Older Baltic
ice age was succeeded by the First Interglacial,
during which the Older Yoldia clay of Vendsyssel
could have been deposited. During “the Great
Ice age” an icesheet coming from the north



FREDERIKSHAVN
*
NORTH SEA SKERUMHEDE
BULBJERG VENDSYSSEL CL £508
0 50 100km
ANHOLT
HATTEGAT
RANDERS
HOLLERUP ® DJURSLAND
D
p JYLLAN\D ™/
Sl‘lKEBORG HUS\H({V)ED DRAGSTRUP KANE
HARRESKOV 'sauosrgwssm SIALLANDS ODDE -ESRUM
BRANQE o o E HALSN;‘ES GRIBSKOV,
S Horsens ) SEJERg 00 HE R v
ﬂL.GOD SAMSH VEN
ASHOVED U Rasmas m:eeauv
T
oxseaL RANDS. TEENRS KALUNDBO!G KBBENHAVN
ESBJERG  BRORUP 8';01 ”G} oRgole” o HOLMST';UPOSE ~
EISTRUP MIDDELFART =
KN KsRSgRELLAND
L]
9 .wm{‘évsf ? K
0 SﬂNDERB ANDEGARD
smsavusmur erNSTRUP
PR/!!ST@
EMMERLEV \ 6
Eeeausuﬁis = BALTIC
DE}STENSJGMOSE%T;%E - SEA
A IU FALSTER
GERMANY F

Fig. 3: Location map of Denmark with names mentioned in the text. Icemargins compiled after Madsen et al. (1928) and Ussing

(1913) (C: Main Stationary Line, D: East Jylland Stage, E: B=lt Stag
nas Margin).

(whose extension is equivalent with that of the
largest Saalian icesheet; Rgrdam 1909, vol. 1, p..
337), led to the deposition of the so called lower
till, which was dominated by Norwegian indica-
tors, in North Sjzlland and Eastern Jylland. The
Great Ice age was succeeded by the Second Inter-
glacial, during which marine Cyprina clay (re-
ferred to as Eemian clay), was deposited in the

¢, F: Langeland-@resund Stage, O: Odsherred Margin, R: Rgs-

southern part of the country, while at the same
time interglacial, freshwater -deposits around
Brgrup and Kolding and other areas in Jylland
were formed in lake basins.

The third glacial was termed the Younger Bal-
tic ice age during which the inland ice had its
maximum extension along the Main Stationary
Line (Rgrdam 1909, vol. 2, p. 154) and a Baltic
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till was deposited in eastern Denmark. During
the deglaciation major recessional advances gave
rise to the formation of the East Jylland Ice-
border line, the Odsherred terminal moraines
and the recessional lines southwards through
Storebzlt towards Langeland.

V.Milthers (1909) extended the chronology of
ice sheets from the three glaciations by making
extensive use of counts of indicator erratics. Ap-
art from a possible ice advance before the first in-
terglacial, the “Great Ice age” was divided into
two individual advances. First an advance from
the north that gave rise to outwash deposits
dominated by Norwegian indicators in western
Jylland. The Norwegian outwash was covered by
a Baltic till during the following advance, which
covered the whole of Jylland. This Baltic till
forms the substratum of the interglacial bogs of
Eemian age around Brgrup and Kolding.

The third (last) glaciation, the maximum exten-
sion of which was placed along the Main Station-
ary Line or at times was lying slightly beyond it,
was initiated by a Norwegian ice sheet in the
northern part of the country, and may have ad-
vanced south of the E-W lying part of the Main
Stationary Line. The Norwegian advance was
gradually succeeded by a Baltic advance, which
reached the N-S lying section of the Main Sta-
tionary Line or slightly more westward. A clock-
wise rotation in the overall direction of move-
ment of the ice cap was recorded in the age rela-
tions of glacial striations on bedrock and the
intermixture of indicator erratics with Norwe-
gian, Middle Swedish and Baltic provenance.
During deglaciation, icestreams of purely Baltic
origin prevailed forming the East Jylland- and
Odsherred Ice-border lines.

After two decades of intense stratigraphic
study of the Pleistocene deposits, Rgrdam’s “tri-
ple-glacial” model could be amended, and a strat-
igraphical model combining all new information
was presented by Madsen et al. (1928).

The first glacial was divided into an early Nor-
wegian and a younger Baltic stage (Milthers
1909, 1913, Nordmann et al. 1923). Tills of these
stages (termed till A) overlie Tertiary deposits at
Rggle Klint and in the Esbjerg area, and are in
turn overlain by the Tellina clay at Rggle and the
Older Yoldia clay in Esbjerg (Jessen 1922).

The first interglacial is represented by the arc-
tic to boreo-lucitanic Older Yoldia clay of Esbj-

erg (Jessen 1922). This marine clay in the Esbjerg
area is overlain by till deposits which are in turn
overlain by undisturbed marine Eemian clay
(Nordmann 1922, 1928) indicating that deposi-
tion of the Esbjerg Yoldia clay took place during
the first interglacial. Limnic deposits were as-
cribed to the same interglacial on the indirect
stratigraphic evidence of a specific floral evo-
lution (Jessen & Milthers 1928).

The second glaciation deposited the surface
tills of western Jylland and the “lower” till of
eastern Denmark overlying the previously men-
tioned interglacial deposits. The till of the second
glaciation is termed till B. From data obtained at
Rggle Klint and according to Jessen (1922, 1925)
and Milthers (1925) till B has a rather complex
clast:and granulometric composition; it ranges
from a sandy till dominated by Norwegian indica-
tors (B1) to a chalk rich clayey till of Baltic com-
position (B2). With the works of Milthers (1909),
Jessen et al. (1910) and Jessen & Milthers (1928)
in mind, Madsen et al. (1928) concluded, that the
second glaciation was initiated by a Norwegian
advance and succeeded by a Baltic advance both
of which covered the whole of Jylland. A later
Norwegian advance which covered at least the
northern part of the country ends this glaciation.

During the second interglacial, boreo-lucitanic
marine clay, the so called Cyprina Clay, (Madsen
et al. 1908, Nordmann 1928) was deposited in the
southern part of the country. The lower (boreal)
part of the Skzrumhede sequence (Jessen et al.
1910) was deposited simultaneously in northern
Jylland, where it rests upon the Baltic facies of till
B. Floral, faunal and stratigraphical descriptions
and zonation of limnic deposits from western Jyl-
land which rest upon till B were published by Jes-
sen & Milthers (1928).

During the third glaciation the upper boreo-
artic to high-artic Older Yoldia clay of Vendsyssel
(Jessen et al. 1910) was deposited. A subsequent
ice advance to the Main Stationary Line dislo-
cated these deposits from northerly directions
(Jessen 1918). According to Madsen et al. (1928)
it had become clear that the Main Stationary Line
marked the limit of the last glaciation. Qutside
(west and south of) this line sketched by Ussing
the undisturbed bogs of the previous (Eemian)
interglacial were only covered by solifluction and
outwash material (Jessen et al. 1918), whereas
east of the line bogs were disturbed by glacial ac-



tivity and often covered by till deposits (Jessen &
Milthers 1928). Also the pronounced morpholog-
ical differences either side of the line (cf. Madsen
1921) was a strong argument in the discussion,
and the idea of the Main Stationary Line marking
the outer limit (with minor oscillations, Milthers
1925) of the ice cover of the last glaciation was
generally accepted. Recently Marcussen & @s-
tergaard (1977, 1978) have questioned this ac-
cepted model of Danish glacial geology, but their
views have been strongly rejected by Humlum et
al. (1978).

The traditional concept of the retreat of the ice
sheet from the Main Stationary Line as sketched
by Ussing (1913) and Rgrdam (1909) was
adapted and extended by Madsen et al. with the
modification that, between the major readvan-
ces, relatively ice free conditions prevailed over
large parts of at least the central Danish regions
as had already been proposed by Harder (1908).

Stratigraphic studies of key localities like Rist-
inge Klint (Madsen 1916) and Rggle Klint, sup-
plemented with clast petrographic evidence from
published mapsheets, enabled Madsen et al.
(1928) to correlate individual till units on the ba-
sis of the flint quotient (Flint/Crystalline rela-
tionship). They set up a till stratigraphy for the
last glaciation, where tills termed C, D, E and F
were ascribed to glacial phases reaching the Main
Stationary Line, the East Jylland Ice-border, the
Belt stage and the Langeland stage respectively
(fig. 3). The flint quotient method of correlating
till units was objected to by Jessen (1930) and
Andersen (1945) and subsequently by Madsen &
Nordmann (1940) and Nordmann (1958).

Once this general Pleistocene stratigraphy was
established, attention was focussed on the degla-
ciation pattern of the last glaciation.

V.Milthers (1932) used morphological observa-
tions and studies of indicator boulder erratics,
mainly along the coasts of the central, Danish re-
gions, to outline the glaciation pattern and par-
ticularly to focus on the retreat of the ice sheet
from the East Jylland Ice-border line. V.Milthers
saw the marked contrasts in morphology and in-
dicator boulder content between the central parts
and coastal areas of Fyn as the result of an older
“Meridian” ice dominated by Norwegian indica-
tors being succeeded by a Baltic ice sheet reach-
ing the East Jylland Ice-border. Before reaching
the stage of stagnation, which led to the creation
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of the central Fyn dead ice landscape, the East
Jylland stage ice sheet would locally incorporate
large amounts of material from the former “Me-
ridian” ice. The Dala-Baltic ice sheet was still ac-
tive in coastal areas, but upstream it had changed
its direction of movement. This resulted in a
change of erratic content in the till supposedly
deposited by the East Jylland ice, from originally
being dominated by red Baltic quartz porphyry it
became dominated by brown quartz porphyry in
southerly and coastal areas. V.Milthers extended
the East Jylland Ice-border line south of Vejle
and sketched recessional lines across South Jyl-
land and Fyn using the ice border lines of Nor-
dmann (1927). The recessional lines drawn
through Storebzlt were in strong opposition to
those outlined by Rgrdam (1909), Andersen
(1927) and Madsen et al. (1928). This was es-
pecially true for the Rgsnas line, which Ander-
sen (1927) on morphological grounds had shown
to be the result of a glacier lying south of the pen-
insula, and which was in Milthers opinion
moulded by a glacier lying north of Rgsnes.
Milthers’ result here was based on changes in the
indicator erratic content of beach gravels.
K.Milthers (1942) used indicator boulder
counts combined with morphological observa-
tions to outline the chronology of Pleistocene ice
sheets over Denmark. With minor adjustments
K.Milthers referred to V.Madsen et al. (1928),
and V.Milthers (1909) in describing the course of
events during the early glaciations, and much of
V.Milthers’ (1932) work forms the foundation of
K.Milthers’ interpretation of the last (Weichse-
lian)\\glaciation. The interpretation divides this
glacial period into three major phases. The oldest
phase is a Norwegian ice sheet reaching the E-W
lying part of the Main Stationary Line and pos-
sibly somewhat beyond it in the eastern part of
Jylland. This ice sheet apparently never reached
the northern coast of Sjzlland. The second gla-
cial phase of the last glaciation was a Dala-Baltic
ice advancing from an easterly direction, which
joined the older (Norwegian) ice sheet along the
N-S lying part of the Main Stationary Line. Dur-
ing deglaciation of this icesheet large dead ice
masses were left on central Fyn. Hereafter a
younger Dala-Baltic ice sheet reached the East
Jylland Ice-border line without covering the dead
ice massses of central Fyn. The third glacial phase
was the Baltic ice sheet, which advanced along
|
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either side of the dead ice masses of Fyn to the
Mols area, along the east coast of Jylland. Based
on marked differences in quantities of red and
brown - Baltic quartz porphyry, K.Milthers
sketched the same recessional phase as V.Milth-
ers (1932) along the East Jylland coast to
Horsens, eastwards over Tung and South Samsg
and further on to Sejerg and Sjazlland. The split-
ting up into two independent ice lobes (one on
Sjzlland and another in the Balt area) of the Bal-
tic icesheet was initiated at its outermost position
on Mols and retained during deglaciation over
Samsg, Kalundborg Fjord, Amosen and the Susi
area almost to Preastg in southern Sjzlland.

Even though K.Milthers mentions the exist-
ence of waterlaid deposits between tills of the in-
dividual advances of the last glaciation, he could
only explain these sediments as the product of
subglacial meltwater deposition, even though
their large lateral distribution seemed quite trou-
blesome (K.Milthers 1942, p. 110). In the view of
his opponents the existence of the waterlaid de-
posits between the tills is the key to the argu-
ment, that relatively ice free conditions with sub-
aerial sedimentation of outwash material pre-
vailed between the major ice advances of the last
glaciation.

G.Wennberg (1943, 1949) who shared K.Milth-
ers’ views on the inter-till, waterlaid sediments,
explained the changing indicator boulder content
in the South Swedish and Danish glacial deposits
as the result of differential movements in the pe-
riphery of the icesheet during deglaciation.
Wennberg (1949) correlates the Danish till strat-
igraphy with that of Skéne and northern Ger-
many mainly on the basis of indicator pebble
counts. Wennberg suggests, that till C is equival-
ent to the north German Warthe stage and the so
called Old Baltic till of Skéne, and that this till is
younger than the Eemian and older than the cold
part of the Skarumhede sequence. After the de-
position of this sequence an ice sheet from the N
and NE invaded the country and found its outer
limits along the Main Stationary Line. This ice
sheet is referred to as the Meridian ice, and
should be correlated with till D. The Meridian ice
is succeeded by the Smaland ice, which reached
the East Jylland Ice-border and formed reces-
sional ice-pushed ridges along Mols, Sjzllands
Odde, Samsg and Rgsnzs. During the retreat of
the Sméland ice a Baltic ice sheet took over first

in the western part of the country, but later also
covering the eastern part. However, this ice sheet
was not able to transgress the dead ice masses of
central Fyn left by the Meridian ice.

Andersen (1945) strongly opposed the method
of indicator counts from secondary accumula-
tions combined with morphological interpreta-
tion as used by V. and K.Milthers to outline the
chronology of ice sheets during the last glacia-
tion. By the combined application of stratigraph-
ical methods, observations of glacially striated
boulder pavements and Pre-Quaternary bedrock,
glaciotectonic pressure directions observed in dis-
located sequences and pronounced morpholog-
ical features Andersen (1933, 1945, 1950, 1957)
outlined a (de)glaciation pattern, which radically
differed from the one developed by Ussing, V.,
K.Milthers and Wennberg. According to Ander-
sen the tills of the last glaciation can be grouped
into three individual units separated by meltwa-
ter deposits supposedly deposited during ice free
conditions between advances.

The oldest till is the so called Old Baltic till (of
Baltic clast composition), which overlies the ma-
rine Eemian beds of Ristinge Klint, and was de-
posited by an ice sheet that covered the south-
eastern parts of the country. The next advance
reached the Main Stationary Line generally from
north-easterly directions (Andersen 1933, p. 143,
1957, p. 234) and deposited the so called NE-till.
This is characterized by southwest Swedish in-
dicators and its low content of Palaeozoic (and
other Baltic) rock fragments. The NE-till overlies
the earlier Old Baltic till and is in turn overlain by
the Young Baltic till. The third (Young Baltic) ice
sheet of the last glaciation invaded the country
generally from south-easterly directions (Ander-
sen 1933, p. 182, 1957, p. 234). It found its maxi-
mum extension along the East Jylland Ice-border
line, and recessional advances formed the ice-
border lines southward through Storebzlt, in Od-
sherred and possibly also on north-eastern Sjel-
land. The Young Baltic till is characterized by
large quantities of Palacozoic rock fragments and
Baltic indicator erratics. With reference to Mad-
sen et al. (1928) Andersen (1933) points out that
the presence of beds with limnic interstadial ma-
terial between the NE-till and the Young Baltic
till in eastern Jylland is a clear indication of a cli-
matic amelioration during the time between the
two ice advances. Andersen (1957) also proposed



a connection between the drainage pattern of
meltwater merging from the two icestreams. He
indicated, that the NE-ice produced west to south
moving meltwater streams and that the Young
Baltic ice had given rise to west and north moving
outwash streams. :

K.Milthers (1952) recognized Andersen’s crit-
icism, and he allowed more influence of the NE-
icestream than previously accepted.

Hansen (1965) in his detailed account of the
Quaternary of Denmark correlated the main cli-
matic phases of the Pleistocene of Denmark with
those of the internationally accepted terminology
and stratigraphy of Woldstedt (1954). Hansen
collected new data on the glacial and interglacial
stratigraphy and presented them after the scheme
outlined by Madsen et al. (1928) and K.Milthers
(1942). He also related the younger stratigraphic
units to morphological features sketched by
V.Milthers (1948). The iceborder-lines C, D and
E sketched by Madsen et al. (1928) were related
to the Brandenburg-, Frankfurt- and Pomeranian
stages of northern Germany.

This very comprehensive outline was almost
predictably opposed by Andersen (1966), who
saw his theories, especially regarding the Weich-
selian glaciation, somewhat neglected and misin-
terpreted. The major contrast in opinion came to
be as follows. On one side Hansen recognized
only one Weichselian ice sheet as having reached
the Main Stationary Line before it withdrew from
this line with major recessional halts along the
East Jylland Ice-border line and other more or
less pronounced morphological ridges interpre-
ted as ice border lines (Hansen 1965, p. 41). On
the other side Andersen’s more dynamic ap-
proach allowed three individual ice advances,
each having special patterns of movement and
characteristic clast petrographic compositions. In
contradistinction to Hansen (1965) Andersen
(1966, p. 220) related these three glacial phases
to the above mentioned North German terminal
moraines. The Old Baltic advance, which might
have reached slightly farther west than the Main
Stationary Line in southern Jylland, was suc-
ceeded by the North-east ice, which reached the
Main Stationary Line. During its deglaciation the
North-east ice left large dead ice masses on Fyn
and possibly other areas. The Young Baltic ad-
vance reached the East Jylland Ice border line
and during deglaciation the remarkable ice
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pushed terminal moraines in Odsherred and Rgs-
nzs were built up. The three advances were sep-
arated in time by “interstadial” climatic condi-
tions during which large sheets of waterlaid out-
wash sediments were deposited in a relatively
icefree environment.

In the beginning of the last decade renewed
glacial stratigraphic investigations have taken
place (Berthelsen 1971, 1974, Larsen et al. 1972,
Petersen 1973, Petersen & Buch 1974, Petersen
& Konradi 1974, Rasmussen 1973, Sjgrring 1973,
1974, Thamdrup 1970). These investigations have
directly or indirectly confirmed Andersens (1933,
1945, 1950, 1957, 1966) stratigraphical concept
and glaciation pattern of the Weichselian. That
is, with the addition of Rgrdams (1909) lower till
of NE-Sj=lland (the Norwegian till) with a some-
what similar stratigraphical position in NE-Sj=l-
land as the Old Baltic till has in the southern
parts of the country. Advancing the works of An-
dersen, Berthelsen (1973) formulated the prin-
ciple of kineto-stratigraphy in an attempt to in-
troduce modern glacio-stratigraphic working
methods and a primarily structural line of think-
ing into the study of Pleistocene deposits in Den-
mark. Berthelsen (1978, 1979) sums up the
Weichselian till stratigraphy developed during
the seventies, amongst many others making use
of contributions by Berthelsen et al. (1977), Hou-
mark-Nielsen (1976a, b), Frederiksen (1975,
1976), Jacobsen (19796), Jensen (1977), Petersen
(1978), Rasmussen (1975), Sjgrring (1977). It is
indicated that four major glacial phases (the Nor-
wegian adv. from the N; the Old Baltic from the
SE; the Main Weichselian advance from the NE;
the Young Baltic adv. from the SE) separated by
“interstadials” during which deglaciation at least
partly took place, occurred between 25000 and
13000 years BP.

Based on stratigraphical observations and fine
gravel analyses Sjgrring & Frederiksen (1980)
and Sjgrring (1981a) recognized three till types of
pre-Weichselian age in the south-western part of
Jylland. The younger and older Saalian tills of the
“Warthe” and “Drenthe” types are characterized
respectively by small quantities of quartz, large
amounts of flint and erratics of Baltic proven-
ance, and equal amounts of quartz and flint and
erratics of Fennoscandian provenance. An El-
sterian till type was characterized as having about
twice as much quartz as flint.
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Houmark-Nielsen (1980, 1983) presented re-
sults of glaciostratigraphic studies in the northern
Bzlthav region and related the inferred strat-
igraphy to works of other authors in the part of
the country lying east of the Main Stationary Line
(Houmark-Nielsen 1981). The so called Paleobal-
tic till (late Saalian) deposited by an ice sheet
from south-easterly directions is overlain by ma-
rine Eemian deposits. The Norwegian till is pro-
posed as the oldest Weichselian till, it was deposi-
ted by an ice sheet from the north and succeeded
by the Main Weichselian advance from the north-
east. Between these advances run off outwash
patterns were first directed northward (from a
proposed Old Baltic ice sheet lying south of the
region) and later were forced westward in front
of the advancing NE-ice. The age of interstadial
deposits from Sejerg indicated that at least the
NE-ice transgressed the area after 36800 BP
(Houmark-Nielsen & Kolstrup 1981). During the
deglaciation of the NE-ice, readvances from the
NE caused the formation of push moraines on
Mols, North Samsg and possibly Sjzllands Odde.
As the active ice border vanished north-east-
wards, meltwater was directed northward into
the Kattegat depression before and during the
Young Baltic advance. This can be divided into
two phases. The first phase (the East Jylland
adv.) reached the East Jylland Ice border Line at
Mols from the southeast and in a more upstream
position over north Sjzlland, showed directions
of movement from due east. The second phase of
the Young Baltic glaciation (Bzlthav adv.)
reached the ice border lines of Odsherred and its
margin covered Sejerg and South Samsg invading
the eastern part of the region from southwestern
to southeastern directions. According to Hou-
mark-Nielsen (1981) the Balthav advance could
correspond to the Balt phase (E-phase) -de-
scribed by Madsen et al. (1928).

Sjerring (1983) briefly presents the glacial his-
tory of Denmark making use of the newest strat-
igraphic sources as well as the classical ones.
Kronborg (1983) finds a complex glacial strat-
igraphy in the Randers-Arhus-Silkeborg area
(northern middle and eastern Jylland) and, using
slightly different methods than in the present in-
vestigations, a stratigraphy supposedly covering
the Menapian, the Elsterian, the Saalian and the
Weichselian is presented.

3. METHODS OF STUDY
LITHOSTRATIGRAPHY

During the last decade several attempts have
been made in neighouring regions to describe the
lithostratigraphy of the glacial deposits.

Larsen et al. (1977) treated units from both a
litho and a kinetostratigraphic point of view.
Thus outwash material was given the status of
formations whereas till units obtained kinetostra-
tigraphic classification. Lagerlund (1980) erected
informal, till stratigraphic units and glaciofluvial
deposits into common members. Adrielsson
(1983) informally applied member rank to indi-
vidual till- and waterlaid units respectively, and
Kronborg (1983) reports of the grouping into a
similar hierachy, which groups members into for-
mations.

Even though informal descriptions are quite
useful, the need for a formal lithostratigraphic
classification is now strongly advocated. In the
present case this need has led to the establish-
ment of formal lithostratigraphic till units with
rank of formations, where as waterlaid deposits
because of their reduced ability of correlation are
for the time being left unclassified. Formation
rank is attributed because tills form the basic fra-
mework used to describe the Pleistocene geology
of former glaciated lowlands like the central Dan-
ish region, which for the largest part is build up of
non-fossiliferous, clastic deposits. Till units show
a reasonably high degree of lithic uniformity, and
even though not directly mappable, till units can
after simple laboratory treatment, be recognized
in a large number of exposures also reaching
beyond the examined region. Consequently addi-
tional and more thorough examinations may
cause the separation of Formations into till units
of a lower rank including members and beds.

3.1 UNIT DESCRIPTIONS

Till units are described in terms of lithic charac-
teristics with emphasis placed on those features
which express the direction of glacier flow to-
gether with provenance-dependent, composi-
tional features. The bounding relations are exam-
ined with special attention to glaciotectonic un-
conformities, because the study of glaciotectonic
structures not only serve as indicators of a given
glacier transgression, but also provide valuable
information on the direction of active glacier
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movements. Even if a till unit deposited by a gla-
cier can not be recognized at all localities, glacio-
tectonic unconformities related to the ice sheet
which deposited the till may serve as excellent
marker horizons in the stratigraphic record.

3.2 LITHIC CHARACTERISTICS

The lithic characteristics of tills obtained in the
field include colour (usually brown, grey to
blackish), granulometric characteristics (discrimi-
nation between sandy and clayey tills), and sedi-
mentary - as well as glaciodynamic structures
(massive, stratified or banded tills).

3.3 TEXTURAL PROPERTIES

The textural properties include macro fabric
analysis of tills that may provide information on
the local direction of glacier flow, as already
pointed out by Richter (1933) and Holmes
(1941). Theoretical considerations of the orienta-
tion of clasts in a fluid medium or glacier ice
(Glenn et al. 1957, Lindsay 1970) have improved
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the method of interpreting till fabric diagrams in
terms of possible glacier movement. Nielsen &
Houmark-Nielsen (1983) summing up the Danish
experience in till fabric studies point out that the
most common fabric type is one in which the long
axes of clasts are alligned parallel to and plunge
gently upstream to the flow direction. It was also
stressed that fabric data should not be uncritically
interpretted in terms of glacier movement, since
post-depositional, glaciotectonic deformation,
glacier induced reorientation or gravitational re-
mobilization may strongly influence clast orienta-
tion.

The fabric analyses from till units of individual
sites presented here are based on at least 50 clasts
with axial ratios approaching 3:2:1 and, accord-
ing to the recommendation given by Kriiger
(1970), long axes that plunge more than 50 de-
grees from the horizontal have been omitted. Till
fabric analyses are performed only in subhori-
zontally oriented till beds that are envisaged not
to have been laid down by gravitational flow- or
drop- and dump processes, but rather are thought
to have been deposited directly from a glacier.
Individual measurements are plotted according
to Rasmussen (1974) in equal area nets as minute
circles. Clast fabrics of flow till and related de-
posits or fabrics not showing any prefered orien-
tation are omitted from the data presentation
(less than 30 out of a total of 145 clast fabrics).

3.4 PROVENANCE DEPENDENT
COMPOSITIONAL ELEMENTS

The use of readily apparent petrographic charac-
teristics of clasts in tills has proved to be a valu-
able tool in distinguishing individual till units in
Denmark (Andersen 1945, Berthelsen et al.
1977, Houmark-Nielsen 1980, 1983b, Houmark-
Nielsen & Berthelsen 1981, Jacobsen 1976, 1981,
Jensen & Knudsen 1984, Jessen 1930, Madsen
1916, Madsen & Nordmann 1940, Nielsen 1980,
Petersen 1973, Petersen & Konradi 1974, Pe-
tersen & Buch 1974, Rgrdam 1893, Sjgrring
1977, Sjerring & Frederiksen 1980). However ex-
amples of the contrary have also been published
(Aber 1979, Rasmussen 1975). It is assumed that
provenance dependent compositional elements
may provide information about the long range
path of glacial transport towards and within the
Danish region. For further discussion and histori-
cal review see Bahnson (1973), Holm (1981),
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Houmark-Nielsen and Marcussen
(1974).

According to Holm (1981) two categories of
provenance dependent compositional elements
are considered: 1) Exotic rock fragments includ-
ing crystalline rocks (mostly Precambrian) de-
rived from the Fennoscandian basement and Pal-
aeozoic (abridged: Pal.) sandstone and lime-
stones which cover the basement in the southern
Baltic area, 2) local rock sources such as quartz
(mainly from Tertiary deposits), flint and lime-
stone (Cretaceous-Paleocene) - and other sedi-
mentary rocks. The exotic rock fragments (fig. 4)
are counted in the fraction 6-60 mm in order to
compare the results with the stone counts made
after the method of Ussing and Madsen (1897).
Houmark-Nielsen (1976a, 1980, 1983b) distin-
guished empirically between two compositional
groups of exotic rock fragments: one group poor
in Palaeozoic material (Fennoscandian proven-
ance) basically transported from northerly and
northeasterly directions, and another group rich
in Palaeozoic materal (Baltic provenance) mainly
transported from southeasterly directions. In the
present investigation 378 samples (table 1, fig.
139) of exotic clast material were counted (fig. 4)
and the division of Fennoscandian (group 1) and
Baltic (group 2) provenance is shown in fig. 5.

Fine gravel counts after the Dutch method are,
in the present investigation, used for comparison
with other authors (cf. Ehlers 1979, Jacobsen

(1983b)

1981, Jensen & Knudsen 1984, Sjgrring & Frede-
riksen 1980, Sjgrring et al. 1982) working mostly
in the southern and western parts of the country.
Clasts of quartz, flint, crystalline rocks and chalk-
free sediments are considered together with Pal-
acozoic and Cretaceous-Paleogene limestones.

Sjerring and Frederiksen (1980) examined till
samples from south-western Jylland using the
method of fine gravel counts applied by Ehlers
(1978). They roughly divided the Pre-Weichselian
tills into two groups: one poor in quartz and rich
in flint, referred to as having a “Warthe” spec-
trum, and one group with either equal amounts
of quartz and flint or with a greater quartz con-
tent than flint, which they respectively refered to
as the “Drenthe” and “Elster” spectra.

In the present case 383 samples (table 1, fig.
139) have been subjected to fine gravel analysis
(figs 4 & 5) in the fraction 2,80-4,75 mm (3-5 mm
approx.) and the two compositional groups of
Sjgrring and Frederiksen are recognized in the
examined regions. In the present investigations
the groups rich and poor in quartz are termed A
and B respectively.

In a few cases indicator erratic boulders
(V.Milthers 1909, K.Milthers 1942) have been
found in situ in tills, and indicators from the Oslo
region and south central Sweden have been no-
ticed in quantities worth mentioning. The classi-
cal Baltic indicator erratics and other rock frag-
ments whose provenance and distribution are less
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Fig. 6: Distribution of the number of redeposited Quaternary
foraminifera in till samples.

well defined have also been considered. Special
interest was shown in Palaecozoic limestone and
sandstone fragments from the southern Baltic,
the so-called “Katholm erratics” (Baartman &
Christensen 1975) which presumably come from
along the Fennoscandian Border zone east of An-
holt in the Kattegat, and the “Flintconglomerate”
described by @dum (1968) apparently from the
Skagerrak Sea. Fragments of cemented, ash-
bearing diatomite (Fur Formation, Petersen &
Surlyk 1983), also named Moler from the north-
western Limfjord area, have also been noted in
reasonable quantities.

3.5 MATRIX INVESTIGATIONS

The matrix of tills has been investigated with re-
gard to re-deposited Quaternary foraminifera. A
total of 184 samples of 400 g dry weight have
been analysed (fig. 6). The Quaternary forami-
nifera can be divided into four main groups or ac-
cumulations. The most common is one containing
quantities too small (less than 15 individuals pr
100 g sample) for identification and correlation
with faunas of known primary marine deposits.
However, this group contains quantities of pre-
Quaternary foraminifera large enough to have
survived decalcification. The three other accumu-
lations are after Lykke-Andersen (1974) termed
X, Y & Z and correspond to X) Eemian-Middle
Weichselian Skzrumhede sequence (Older Yol-
dia clay) which indicates a northerly to northeast-
Danish provenance, Y) Southern Danish Eemian
deposits (Cyprina clay) indicating a southerly to
central Danish provenance, and Z) Holsteinian
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deposits of the western Baltic, the North Sea
coast, north Jylland and Kattegat (Knudsen
1986).

Modern descriptions of primary foraminifera
faunas in the Danish Quaternary are given by
Bahnson et al. (1974), Buch (1955), Feyling-
Hanssen & Knudsen (1979), Knudsen & Feyling-
Hanssen (1976), Konradi (1976), Petersen &
Buch (1974), Petersen & Konradi (1974) and the
re-deposited accumulations mentioned above are
described by A-L.Lykke-Andersen (1979) and
Frederiksen (1982). According to Frederiksen,
the X-accumulation is dominated by Elphidium
excavatum, Cassidulina reniforme and Bulimina
marginata ranging in order of number of individ-
vals. Other characteristic species are Elphidium
groenlandicum, Islandiella helenae, Islandiella
norcrossi and Nonion labradoricum. The Y-accu-
mulation is dominated by either Elphidium exca-
vatum, Nonion orbiculare or Elphidium albium-
bilicatum. Other characteristic species are Bu-
cella frigida and occasionally Ammonia batavus.
Finally the Z-accumulation is almost totally
dominated by Elphidium excavatum supported
by minor quantities of Nonion orbiculare, Elphi-
dium subarticum and Ammonia batavus. The for-
aminiferal accumulations found in connection
with the present investigation are presented in
table 2 (fig. 140) and will appear as letters X, Y,
Z and 0 in the stratigraphical columns.

Previous stratigraphical investigations (for a
review see Frederiksen 1982) have applied the
method under the assumption that the tills con-
taining X or Y accumulations are ascribed to the
Weichselian glaciation. This assumption is prob-
ably valid for most of the investigations, but pres-
ent knowledge about the distribution of pre-Ee-
mian marine deposits containing faunas corre-
sponding to X and Y accumulations is still very
restricted. Lykke-Andersen and Knudsen (1982)
have published new results of faunal analyses
from pre-Eemian marine beds in the Skaerum-
hede I boring. In this case foraminiferal faunas of
supposed Saalian interstadial origin could not be
distinguished from the Early to Middle Weichse-
lian foraminifera faunas of the upper Skarum-
hede sequence. The Saalian deposits, however,
seem to have a rather restricted lateral and ver-
tical distribution in comparison with the upper
part of the Skzrumhede sequence.

In some cases re-deposited molluscan frag-
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ments, strongly resembling the fauna characteris-
tic of the south Danish Eemian deposits, have
been reported from the till underlying the classi-
cal Eemian bogs at Brgrup, central Jylland
(V.Milthers 1925, p. 19). Equally it should be
mentioned that at only one single locality out of a
large number of localities (cf. Lykke-Andersen
1974, Frederiksen 1975, Houmark-Nielsen 1980,
Sjerring & Frederiksen 1980, Kronborg 1983),
supposed Saalian tills have been reported to con-
tain re-deposited foraminifera resembling the X
& Y. accumulations (Lykke-Andersen 1974).
Most often these tills are either extremely poor in
Quaternary species or contain a Z-accumulation.

In the light of this background the contents of
re-deposited foraminifera found in the present in-
vestigation will serve as 1) a legitimate lithic char-
acter of individual tills, 2) as a provenance-de-
pendent element and 3) as a guideline to propose
a possible maximum age in connection with other
stratigraphical data.

3.6 BOUNDING RELATIONS

The recognition of boundaries between units is of
prime importance in lithostratigraphic classifica-
tion, because boundaries are placed between de-
posits of contrasting lithology. In the present
study special emphasis has been placed upon the
study of glaciotectonic unconformities because
these also give information on the direction of ice
transgression as well as the structural chronology
of a given body of deformed strata.

Studies of glaciotectonic structures have a long
history in Danish geological investigations (cf.
Jessen 1918, 1930, Madsen 1897, 1916, Madsen &
Nordmann 1940). It was, Gry (1940) however,
who initiated detailed structural. analyses to de-
scribe the nature of the so-called dislocated cliffs.
Gry explained folds and thrust faults in the Pre-
Quaternary as well as Quaternary deposits as the
result of active glacier movement, and estimates
were made on the direction of glacial pressure.

In central Denmark the method of structural
analysis of glaciotectonic features has systemat-
ically been applied to stratigraphic investigations
for more than a decade (cf. Aber 1979, Ber-
thelsen 1974, 1975, Berthelsen et al. 1977, Frede-
riksen 1976, Houmark-Nielsen 1976a,b,c, 1980,
Houmark-Nielsen & Berthelsen 1981, Houmark-
Nielsen & Kolstrup 1981, Jacobsen 1976, 1981,
Jensen 1977, Kronborg 1983, Larsen et al. 1972,

Nielsen 1980, Petersen 1973, 1978, Rasmussen
1973, 1974, 1975, Rasmussen & Petersen 1980,
Sjgrring 1974, 1977, 1981, Thamdrup 1970).

Provided a sequence has undergone glaciotec-
tonic deformation, the nature and orientation of
structures is either measured or constructed and
the vergence of folds and the dip of thrust planes
are used as indicators of the direction of ice ad-
vance.

Glaciotectonic unconformities are indicated in
the data presentation at the stratigraphic level be-
neath which strata were affected by deformation
from a certain direction, and the nature of struc-
tures are indicated in stereographic projections.

3.7 AGE

The inferred age is of course of ultimate import-
ance in stratigraphic studies of glacial and inter-
glacial / interstadial deposits. It must be stressed,
though, that the possible age of a unit is not part
of the lithostratigraphic classification. However,
age is an important object to study for a given
unit, even though data from the present investi-
gation are very sparse. It has been possible, in
fact, to give certain interglacial / interstadial sam-
ples absolute dates. Individual samples of respec-
tively limnic Holsteinian and limnic Eemian and
one of presumed late Elsterian marine derivation
have been dated by thermoluminiscence (Kron-
borg 1983, pers.comm.) and a single sample of
Pleniglacial origin has been radiocarbon dated
(Houmark-Nielsen & Kolstrup 1981). The sam-
ples of Eemian and Pleniglacial age and several
others have undergone palynological analysis and
have been classified biostratigraphically.

NAMES

For practical purposes lithostratigraphic till for-
mations are named according to the geographical
area of distribution. Only if a unit is confined to
one of few localities within a relatively restricted
area, the name of the type section is used. In
most cases, however, units are observed in many
localities over large areas, thus names of more re-
gional significance are favoured. The names cho-
sen for the till units found in the present study are
shown in fig. 2.
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Fig. 7: Examined region (framed) with selected principal and key localities from the central part of Denmark.

3.8 PRESENTATION OF DATA

Primary data from selected cliff sections of the
principal localities include sketched cross-sec-
tions of cliff sites.

Stratigraphical and structural data from com-
posite principal localities (where more than one
exposure is studied) or from individual areas
(most often containing 9 exposures) are pre-
sented in condensed stratigraphical columns.

Data illustrating the combined stratigraphical
and tectonic setting of principal localities or the
total, representative stratigraphy from each area
are shown in glaciostratigraphic data charts, built
up after the scheme proposed by Houmark-Niel-
sen and Berthelsen (1981). The charts contain in-
formation on general lithology flanked by special
indications of kineto-stratigraphic classification
and compositional characteristics of till units by
lettering. The range, nature and chronology of
glaciotectonic unconformities are indicated in
stereographic projections inserted on “deforma-
tional logs” that jump “en bayonette” for each
generation of deformation. This should not be
confused with the delineation of Houmark-Niel-

2*

sen and Berthelsen (1981), where the same jumps
in the deformational logs indicate a change from
domainal to extradomainal deformation. Arrows
on the rim of the stereographic projections show
the inferred direction of the deformational force
refered to as ice-deformation. Till fabric analyses
are pictured in equal area nets with open arrows
indicating the deduced ice flow direction. The ex-
otic clast composition is represented by dial dia-
grams with indication of the total number of sam-
ples counted from each unit. Fine gravel analyses
are presented in the same manner as Ehlers
(1978) and Sjerring and Frederiksen (1980).
Sample numbers referring to the table 1 (fig. 139)
are indicated. The contents of re-deposited Qua-
ternary foraminifera are indicated by letters re-
ferring to specific foraminiferal accumulations
(fig. 140).
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Fig. 8: Selected cliff section: Trelde Nas (loc. 1). No exaggeration of vertical scale.
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4. GLACIAL STRATIGRAPHY OF
PRINCIPAL LOCALITIES

The following paragraph is a presentation of gla-
cialstratigraphic investigations of 8 principal lo-
calities (fig. 7) and two key localities within the
examined region. These studies eventually led to
the establishment of a lithostratigraphic model.

4.1 LOC. 1: TRELDE NAS

Loc. 1 is situated on the south coast of Vejle
Fjord at Trelde Nes (fig. 7). The cliff section con-
sists of two tills intercalated with interglacial beds
and sandy to pebbly waterlaid deposits folded
and overthrusted from a northern and northwest-
ern direction. Fine grained waterlaid material
and an upper till disconformably overlie the ice-
deformed sequence.

PREVIOUS INVESTIGATIONS

An upper- and a lower till interbedded with inter-
glacial lake marl and diatomite was recognized by
Hartz and @strup (1899). They described the
flora and fauna of the interglacial deposits and
correlated these deposits with the interglacial di-
atomite of Eemian age found at Hollerup. Mad-
sen & Nordmann (1928) and Nordmann (1958)
stated, that the lower till and the interglacial se-
quence at Trelde Neas was strongly displaced by
ice-deformation from a western direction and
overlain by one possibly two discordant tills.
S.Th. Andersen (1965) made palynological stud-
ies of interglacial diatomite deposits at Vejlby in
Rands Fjord 10 km SW of Trelde Nas. Andersen
concluded that the diatomite at Vejlby was de-
posited during the Holsteinian interglacial, and
he suggests a similar age for the interglacial di-
atomite at Trelde. Andersen (pers.comm.) con-
firms this assumption by referring to non pub-
lished pollen analyses. Sjorring and Frederiksen
(1980) correlate on the basis of fine gravel analy-
sis the lower till at Trelde with a supposed Elster-
ian till from western Jylland.

DESCRIPTION

More than 800 m of the well exposed cliff face
previously described by Nordmann has been ex-
amined, and a section of the site is shown in fig.
8. In the central-western part of the exposure
(fig. 9) the Lower till and the interglacial deposits
are overlain by a fine sandy to pebbly, coarsen-

Fig. 9: Lower till (L) Palsgird Till covered by Holsteinian lake
marl (H) and finegrained meltwater material (F) recumbently
folded by ice transgression from the north and disconformably
overlain by the Middle till (M) Trelde Nas Till, pt. 200 m,
Trelde Nas.

ing-upwards sequence. The whole sequence
forms a large, cylindrical fold with roughly E-W
trending axis generated by ice-deformation from
a northerly direction. The Middle till, resting un-
conformably upon the folded series are, together
with this and the underlying Tertiary clay, cut by
NW-ward dipping thrust faults and piled up and
intensely sheared into floes due to ice-deforma-
tion from the NW. The thrust faults and asso-
ciated drag folds structurally dominate the cliff
section. The thrust faults and bedding planes
along with numerous shear bands are more stee-
ply inclined in the western part of the section,
while to the east the dip approaches sub-hori-
zontal values. This suggests, that the thrusting
took place in the SW-NE trending marginal zone
of a glacier lying at, or immediately northwest of,
Trelde Nas. In the eastern part of the section the
more gently dipping thrusted deposits (mostly the
Middle till) are overlain by the upper. fine-
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Fig. 10: Glacialstratigraphic data chart, loc. 1: Trelde Nas. Lower till (L) Palsgard till, Middle till (M) Trelde Nas Till, Upper till (U)

East Jylland Till.

grained, meltwater deposits. The Upper till
forms a thin cover across the surface of most of
the cliff site.

STRATIGRAPHY (fig. 10)

THE LOWER TILL (L) crops out beneath the
interglacial deposits on the lower flank of the ol-
der, coast-parallel fold. It is a more than 2 m
thick, massive greyish clayey / sandy till. Fine
gravel analysis shows a large amount (25%) of
quartz, less flint (15%) and the original calcium
carbonate content of the till has been washed out.
The lower till is an A-compositional till type.

THE INTERGLACIAL DEPOSITS (fig. 11)
overlying the Lower till consist of laminated lake
marl overlain by diatomite with a combined
thickness of more than 5 m. Thermoluminis-
cence-dating of a selected sample of the lake marl
(Kronborg 1983) revealed an age of 245000 TL-
years, thus suggesting deposition during the Hol-
steinian.

THE LOWER SANDY-PEBBLY DEPOSITS
overlying the diatomite, are built up of a more
than 5 m thick coarsening upwards sequence with
laminated silt and planar cross-bedded sand and
fine gravel showing a gradual increase in gravel
content towards the top. The cross-bedding in the



Fig. 11: Folded and thrusted Holsteinian lake marl (L) and di-
atomite overlain by the Middle Till (M: Trelde Nees Till) pt. 425
m. loc. 1, Trelde Nas.

sandy material and imbrication of pebbles indi-
cate palacocurrents directed towards the W and
SW.

THE MIDDLE TILL (M): Trelde Neas Till
which unconformably overlies the coarsening up-
wards sequence. is a sandy. strongly banded, to
massive till. It is dark-brown to blackish and
more than 4 m thick (fig. 109) with a strong im-
print of incorporated Tertiary deposits (quartz
sand, lignite and clay) and older till-material es-
pecially in sheared condition. Clast orientation
measurements made in the eastern part of the
cliff section revealed a NNW-dipping, longitudi-
nal fabric, indicating ice-movement from the
NNW, partly derived englacially partly reorien-
ted during the younger deformational phase. In
most places the original limestone content has
been washed out, but in one sample the amount
of Pal.limestone from stone counts of exotic ma-
teral was 7% suggesting Fennoscandian proven-
ance. A few Oslo erratics were found in situ. The
finc gravel analysis shows an average ol nearly
equal amounts of quartz and flint (20% and 18%
respectively), even though values approaching
the Lower till appears. This is probably due to
mixing with older till material. The Middle till
can be characterized as a NNW-till of Al com-
position.

THE UPPER WATERLAID DEPOSITS con-
sist of a sandy, silty and clayey sequence less than
5 m thick, with most fine material concentrated in

the middle section. The individual beds of sand
and clay which are about 1 cm thick, often show
normal grading, characteristic of varves. Sets of
beds are seen slump-folded in the central part
and on the slopes of the less than 200 m wide ba-
sin which is filled by the upper stratified drift.

THE UPPER TILL (U): East Jylland Till
forms a thin, discordant cover in the top part of
the cliff section. The till is brown, clayey and
massive. Measurements of clast orientation show
a SE-dipping longitudinal fabric indicating ice-
movement from the SE. The Upper till is free of
limestone and the fine gravel analysis shows small
amounts of quartz (5%) and large amounts of
flint (25% ). The Upper till is a SE-till of B com-
position.

CONCLUSION

An ice-stream, the direction of movement and
provenance of which are unknown, deposited a
(Lower) till of A composition with about twice as
much quartz as flint. During the Holsteinian in-
terglacial marl and diatomite was deposited in a
lake-basin. The lake-basin was filled up and was
covered by fluviatile sediments of increasing
grainsize transported by SW- to W-ward moving
meltwater streams probably emerging from an
advancing ice-sheet. This ice-sheet dislocated the
underlying deposits from a northern direction,
and deposited the middle Trelde Nas Till with
fabric indicating ice-movement from the NNW
and with Oslo erratics and an Al composition of
Fennoscandian provenance. During the retreat of
this ice-sheet a readvance caused deformation
from the NW. The deposition of varved sedi-
ments in a (ice-dammed?) basin was probably
controlled by the melting of this readvance. A
younger ice-stream deposited a (Upper) till East
Jylland Till with fabrics indicating movement
from the SE and a B composition with little
quartz and much flint.

4.2 LOC. 2: ASHOVED

Loc. 2 is situated on the eastern-most point of
the area between Horsens fjord and Vejle fjord
(fig. 7). The cliff consists of 4 tills interbedded
with sandy and gravely waterlaid deposits. The
Lower till and the overlying sand and gravel have
been subjected to claciotectonic displacement
from a northerly direction.




PREVIOUS INVESTIGATIONS
V.Madsen (1900) mentions two tills from Ash-
oved. An upper limestone free till is suggested to
be of Baltic origin. The dark, sandy lower till,
having limited amounts of Pal.limestone, is
claimed to be of Norwegian origin due to large
numbers of Oslo-district indicator erratics found
in beach gravels where the lower till crops out.
V.Milthers (1932) describes the almost total
domination of Oslo indicator erratics among
beach gravels at Ashoved. K. Milthers (1942)
suggests, that the till material, rich in Norwegian
indicator erratics, belongs either to the northern
fan of the Main Weichselian ice-stream or a late
Saalian, Norwegian ice-advance. According to
K.Milthers the young Baltic ice-advance of the
Weichselian does not seem to have had any effect
on the indicator erratic counts from this locality.

DESCRIPTION

Only limited portions of the eastern-most part of
the cliff at Ashoved have been accessible for
study over the last 3 years; a section of about 100
m in length was satisfactorily exposed (fig. 12). In
the southern half of the section the lower till and
overlying sand and gravel is over-thrusted and
folded from a northerly direction. These deposits
are unconformably overlain by a Middle till and
an Upper till. In the northern part of the section
the Uppermost till constitutes the youngest gla-
cial deposit.

STRATIGRAPHY (fig. 13)

THE LOWER TILL (L): Palsgard Till is a dark
blue-greyish, clayey and sandy till more than 2 m
thick, massive in the lower parts and banded to-
wards the top. It rests upon Tertiary clay. Stone
counts show limited amounts (15%) of Pal.lime-
stone, whilst fine gravel analysis shows large
amounts of quartz (20%) and small amounts of
flint (10%). Several in situ indicator boulders of
kinnekulle-diabase were observed. No re-deposi-
ted Quaternary foraminifera were found in the
samples taken. The lower till has an Al-0 com-
position.

THE LOWER WATERLAID BEDS consist
of about 5 m of pebbly and gravelly stratified
sand. This deposit is, together with the under-
lying till, dislocated by ice-pressure from the
north (fig. 14).
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THE MIDDLE TILL (M): Trelde Nzs Till un-
conformably overlies the dislocated deposits. It is
less than 3 m thick, greyish black, banded and
rather sandy with some clay content. Measure-
ments of clast orientations revealed a northward
dipping, longitudinal fabric with some transverse
positions indicating ice-movement from the
north. Apart from several readily observable
Oslo indicator erratics rock fragments of the Fur
Formation (cemented ash bearing diatomite) and
Flint conglomerates are associated with this unit.
The stone counts show restricted quantities of
Pal.limestone (15%) and fine gravel analyses
show equal amounts of quartz and flint (15%).
The Middle till contains very limited amounts of
re-deposited Quaternary foraminifera. The Mid-
dle till can be characterized as a N-till of Al-0
composition.

THE UPPER SANDY GRAVEL BEDS con-
sist of lenticular bodies of tabular cross-bedded
sand and fine gravel, interveined by imbricated
pebbles and gravel. The orientation of primary
sedimentary structures indicate westerly palae-
oflow.

THE UPPER TILL (U): Ashoved Till is mas-
sive brown to grey, sandy to clayey and more
than 2 m thick (fig. 112). Long axis measure-
ments show a blurred, weakly NE-dipping longi-
tudinal fabric indicating ice-movement from the
NE. Stone counts show little Pal.limestone
(14%), fine gravel analysis shows almost equal
amounts of quartz and flint (17%) and more than
10 indicator erratics of kinne-diabase were found
in situ along the 100 m long cliffsite. The Upper
till does not contain notable amounts of re-depos-
ited Quaternary foraminifera. The Upper till can
be characterized as a NE-till of Al-0 composition.

THE UPPERMOST TILL (Um): Mid Danish
Till is separated from the Upper till by smaller
lenses and smears of sand and gravel. The till is
brown massive, clayey and less than 2 m thick.
The results of the stone counts give a limited per-
centage of Pal.limestone content (13%) and the
fine gravel analysis shows small amounts of
quartz (6%) and large amounts of flint (24-30%).
The Uppermost till can be characterized as a Bl
till.
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The sequence at Ashoved is related to four major
ice-streams. The oldest advance deposited a till
(Palsgard Till) of Fennoscandian provenance
containing Middle Swedish indicator erratics and
with high quartz values compared to the flint con-
tent. This till was probably deposited by the same
ice sheet which deposited the pre-Holsteinian till
at Trelde Nes.

The oldest advance was succeeded by an ad-
vance from the north depositing a N-till of Fen-
noscandian provenance with equal amounts of
quartz and flint and with a characteristic content
of Oslo indicator erratics and other rocks of
northerly derivation (Trelde News Till). The gla-
ciotectonic deformation from the north followed
by the deposition of a N-till corresponds to what
came to pass at Trelde Neas. Deposition of melt-
water deposits by westward moving streams sep-
arate the N-till from the NE-till of Fennoscandian
provenance (The Ashoved Till). It contains equal
amounts of quartz and flint and notable amounts
of kinne-diabase. The Upper till was deposited
by an ice-sheet which advanced from a north-
casterly direction. The Uppermost till has a Fen-
noscandian provenance and low quartz content.
Due to the lack of Baltic indicator erratics at
Ashoved the Uppermost till is thought to be asso-
ciated with a younger ice-sheet advancing prob-
ably from north-easterly directions.

Rggle klint is situated on the Lillebalt coast of
western Fyn 8 km ENE of Middelfart (fig. 7).
The cliff section consists of 3 dislocated tills inter-
stratified by glaciofluviatile material and rests
upon Tertiary clay and sand. The two older tills
are supposedly also separated by interstadial,
marine silt and clay (Tellina Clay). In places a dis-
cordant till covers the sequence which has been
dislocated from the ENE. Only a minor stretch
(500 m) of the main cliff site has been accessible
for study over the past 3 years.

Fig. 14: Palsgard till (P) overlain by waterluid outwash deposits,
thrusted by ice-deformation from the North and unconformably
overlain by the Trelde Nas Till (T), loc. 2, Ashoved.
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Fig. 15: Selected cliff section, Regle Klint (loc. 3).

PREVIOUS INVESTIGATIONS
Prior to the publication of structural and strat-
igraphical studies at Rggle Klint (Madsen & Nor-
dmann 1940), a prolonged discussion on the na-
ture of the Quaternary deposits at Rggle and
their tectonic setting had taken place. Madsen &
Nordmann (1940) sum up this discussion before
presenting the data of their investigations, which
resulted in the following glacial stratigraphy: 1)
till A underlying, 2) the Tellina Clay character-
ized by a sparse boreoartic molluscan fauna over-
lain by 3) till B and 4) till C. 5) A discordant till D
covers the surface of the cliff. The above men-
tioned stratigraphical units (1-5) are separated by
stratified, waterlaid drift, some of which contain
re-deposited clasts of Tellina Clay (sand and
gravel separating tills A and B) or marine mol-
luscan fragments of Eemian age (separating tills
C and D). Madsen and Nordmann repeat the gla-
cial chronology of deposits described by Madsen
et al. (1928) which are as follows: Till A is of El-
sterian age followed by the Tellina Clay deposited
during the early Holsteinian interglacial. Till B is
of Saalian age and tills C and D belong to the
Main Weichselian and the East Jylland advances
respectively. The direction of dislocation of the
sequence beneath till D is from the ENE. Despite
the evidence from other localities (cf. Gry 1940,
Jessen 1930, 1931) it is the opinion of Madsen
and Nordmann, that the dislocation was caused
by deep-seated tectonism, and not glaciotectonic
deformation.

Madsen and Nordmann used clast petrographic
‘studies based on the proportion between flint and

crystalline rocks (flint quotient) to describe the
four major till units, and to sub-divide tills B and
C into 2 sub-units.

Lykke-Andersen (1974) proposed the Tellina
Clay to be of Early Weichselian age (Brgrup?) on
the basis of foraminiferal studies of the tills at
Rggle. Lykke-Andersen found that till B is char-
acterized by a re-admixed, diluted foraminiferal
assemblage of Skzrumhede type (X-"fauna”)
and that till C contains a re-deposited Eemian
foraminiferal assemblage (Y-"fauna”). However,
this information has not been published, and nei-
ther the exact location of samples nor the size of
samples is therefore known.

Sjerring and Frederiksen (1980) suggests an
Elsterian age for till A based on fine gravel analy-
sis.

DESCRIPTION

The main section of the cliff site examined by
Madsen and Nordmann (1940) is still accessible
for study (Madsens & Nordmanns parts IX-V)
even though the degree of exposure has been
rather limited, Also, a minor section of Madsen
and Nordmann’s section (part I) at the very
southwesterly end of the cliff has been studied.
Unfortunately the degree of exposure prevents a
full investigation of the glaciotectonic and the
stratigraphic setting of the cliff section, for which
reason the structural model and the glacial strat-
igraphy proposed by Madsen and Nordmann is
still favoured, even though further studies might
possibly led to a reinterpretation (fig. 15).
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From the WSW the Tellina Clay, with its un-
der- and overlying sandy to gravelly waterlaid de-
posits, has been folded by ice-pressure from the
ENE. Towards the ENE the younger of the sand
and gravel deposits is overlain by the Middle till
(= B) and the Upper till (= C). The tills are sep-
arated by smears and lenses of sand and gravel.
The upper part of the above mentioned sequence
has been thrust-over upon itself from the ENE
giving rise to a repetition of the sequence in the
middle part of the cliff site. Further eastwards an
intricate intermixture of the two tills (Middle and
Upper tills) and waterlaid deposits apparently
confuse the simple structural setting. However,
the deposits are, at this location, situated in the
centre of a large synclinal fold in which the gla-
ciotectonic deformation could have caused the
squeezing and intermixing of the deposits. On the
left flank of the synclinal fold the Middle till over-
lies a coarsening upwards sequence of waterlaid
sand and pebbles of great thickness resting upon
the Lower till. This sequence, in which a 1/2 m
size lens of Tellina Clay (described by Madsen &
Nordmann 1940) still can be observed, has under-
gone intese isoclinal folding obscuring the true
thickness and most primary sedimentary struc-
tures of the deposits.

STRATIGRAPHY (fig. 16)

THE LOWER TILL (L) is a dark, greyish
brown, sandy banded till more than 5 m thick,
resting on intensly folded sand (fig. 17). It con-
tains limited amounts of Pal.limestone (11-18%)
and roughly equal amounts of quartz and flint

(14%). The till contains hardly any Quaternary
foraminifera. The lower till can be characterized
as an A1-0 till.

THE LOWER WATERLAID BEDS are more
than 15 m in thickness and consist of a sequence
gradually fining upwards from gravel to hetero-
lithic silty sand and clay in the western part of the
cliff section where it underlies the Tellina Clay.
According to Madsen and Nordmann it is as-
sumed to rest upon the Lower till even though
not exposed in this part of the cliff section. In the
eastern part of the section, the lower half of the
sandy stratified drift separating the Lower and
the Middle tills is supposed also by Madsen and
Nordmann (1940) to be part of the lower strat-
ified drift.

THE TELLINA CLAY is a dark brown lami-
nated marine clay of at least 10 m in thickness
and with a strong imprint of re-deposited Tertiary
clay and fine sand. Towards the southwest the
lower waterlaid beds changes gradually upwards
into the Tellina Clay. This is characterized by a
sparse artic to boreoartic molluscan fauna domi-
nated by Macoma (Tellina) calcarea and Saxicava
rugosa (Madsen & Nordmann 1940). Two sam-
ples of the Tellina Clay were thermoluminiscence
dated and the results obtained showed ages be-
tween 600.000 and 300.000 TL-years (Kronborg
pers.comm.).

THE UPPER WATERLAID DEPOSITS, in
the western part of the section, consist of a coar-
sening upwards sequence more than 10 m thick
with a gradual transition from the underlying
Tellina Clay. In the eastern part of the section,
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Fig. 16: Glacial |straligraphic data chart, loc. 3. Rggle Klint. Lower till (L) Palsgard till, Lower Middle till (LM) Trelde Nes Till, Up-
per Middle till (UM) Ashoved Till, Upper till (U) Lillebelt Till, Uppermost till (Um) Mid Danish Till.

the sandy drift containing clasts of Tellina Clay
coarses upwards into coarse gravel with minor
lenses of flow-till immediately beneath the Mid-
dle till. ‘

THE MIDDLE TILL (M): Trelde Nzs Till -
Ashoved Till is banded and blackish in the lower

parts (fig. 18) and it appears brown, and massive
in the upper parts. The till unit is sandy and more
than 5 m in thickness. The clast composition
shows small amounts of Pal.limestone (9%) and
roughly equal amounts of quartz and flint (20%).
However, the samples taken in the eastern part
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Fig. 17: Lower till (L) at pt. 500 m overlying intensily floded
meltwater sand (S) with a strong imprint of Tertiary material,
loc. 3. Rogle Klint.

of the section, presumably in the lower part of
the till, show somewhat higher values of quartz
(25%). On similar grounds Madsen and Nor-
dmann mentiones a bipartiation of till B from this
section of the cliff. One lower part (B1) is rich in
crystalline rocks and poor in chalk and flint and
an upper part (B2) rich in chalk and flint and
poorer in crystalline material. The Middle till
contains very limited amounts of Quaternary for-

Fig. 18: Middle till (lower part = Trelde Nees Till) a pr. 400 m,
loc. 3, Regle Klint.

- . o

Fig. 19: Upper part: Lillebaelt Till overlain by stratified, water-
laid sand and gravel at the extreme southern end of Ragle
Klint. Lower part: detail of the Lillebeelt Till (Upper till).

aminifera. In accordance with its composition the
Middle till is classified as an A1-0 till,

THE UPPER TILL (U): Lillebelt Till is separ-
ated from the Middle till by lenses and smears of
sand and gravel. The till is grey, clayey, massive
and about 4 m in thickness and it can also be ob-
served outside the main profile at Madsen and
Nordmann’s part 1 (fig. 19). It contains about
26% Pal. limestone, small amount of quartz (6%)
and much flint (22%) and the content of re-de-
posited Quaternary foraminifera is insignificant.
The Upper limestone rich till is compositionally
characterized as a B2-0 till.
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Fig. 20: Uppermost till (Mid Danish Till) unconformably over-
lying fine grained waterlaid material, pt. 450, loc. 3, Rogle
Klint.

THE UPPERMOST STRATIFIED DRIFT
consists of more than 5 m of plane- or tabular-
and trough crossbedded sand, interbedded with
decimetre thick sheets of gravel overlying the
Upper Till (fig. 19). Palacocurrents were directed
westward. The stratified drift contains numerous
shell-fragments of re-deposited Eemian marine
molluscs (Madsen & Nordmann 1940).

THE UPPERMOST TILL (Um): Mid Danish
Till lying unconformably upon the dislocated se-
quence, is brown massive, clayey and less than 2
m in thickness (fig. 20). Long axis measurements
of clasts revealed a north-eastward dipping longi-
tudinal fabric, indicating icemovement from the
NE. It contains roughly 16% Pal.limestone,
about 6% quartz, and little less than 25% flint,
and it does not contain noteworthy amounts of
Quaternary foraminifera. The Uppermost till is
characterized as a NE-till of B1-0 composition.

DISCUSSION

When Madsen et al. (1928) desceribed tills of the
previous 3 glaciations (Elsterian, Saalian and
Weichselian) they used the flint quotient to corre-
late individual tills over considerable distances
(more than 100 km). As Regle Klint played a ma-
jor role in these correlations, it should be men-
tioned, that till C is clearly of Baltic provenance
(cf. Madsen & Nordmann 1940) and therefore
unlikely to have been deposited by the Main
Weichselian (NE) ice sheet as suggested by them.

Equally till D with Fennoscandian provenance
was most probably not deposited by the East Jyl-
land advance.

The results of Lykke-Andersen’s (1974) exam-
ination of re-deposited Quaternary foraminifera
in the tills of Rggle Klint are not confirmed by
foraminifera analysis carried out in connection
with the present investigation. In the present case
10 samples, taken chiefly from the Middle and
Upper tills (B & C), contained quantities of re-
deposited Quaternary foraminifera that were too
small for faunal comparison, i.e. less than 15 pr
100 g.

CONCLUSION AND CORRELATION

The TL-datings of the marine, interstadial clay
suggests, that an age higher than the Holsteinian
interglacial is to be expected for the till appar-
ently underlying the Tellina Clay. The boreoartic
clay itself could have been deposited during the
late Elsterian glaciation as proposed by Madsen
et al. (1928) an assumption recently favoured by
Knudsen (1986). Consequently the lower till (till
A) must be grouped together with other presum-
ably pre-Holsteinian tills in the region. The Mid-
dle till could correspond to either one of the post-
Holsteinian, quartz rich tills previously described
(Trelde Nes Till, Ashoved Till). However, a divi-
sion of the Middle till-unit related to both post-
Holsteinian, quartz rich tills is suggested at pres-
ent partly on the basis of Madsen and Nor-
dmann’s stone counts.

The Upper till and the Uppermost NE-till be-
long to the quartz poor group (B-group). The up-
per till is rich in Pal. limestone but the uppermost
till is not. Due to differences in quartz content
and stratigraphic position, the NE-tills of Ash-
oved and Reggle can not be correlated with one
another, and therefore presumably belong to dif-
ferent NE-ice-streams, separated in time, at least
by the deposition of the Upper (Baltic) till and
the Uppermost waterlaid deposits. The younger
quartz rich tills (Middle till) could have been de-
posited by two individual ice sheets presumably
after the Holsteinian interglacial. The Upper,
Baltic till (Lillebeelt Till) is younger than the
quartz rich tills and older than the deformation
from NE. Moreover, the Upper till is overlain by
stratified drift containing re-deposited, marine
Eemian shell fragments, indicating a Weichselian
age for the Uppermost NE-till. The youngest re-
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corded ice sheet depositéd the Uppermost NE-till
of Fennoscandian provenance (Mid Danish Till).

4.4 LOC. 4: EBELQO

/ZEbelg is an island less than 3 km? in size lying ap-
proximately 5 km north of the island of Fyn (fig.
7). Three cliff sites (A, B & C) on the island have
been investigated. As a whole the glacial se-
quence at the three sites consists of four tills,
some of which are separated by stratified sand
and gravel, glaciotectonically folded and over-
thrusted from northeasterly directions and over-
lain by a discordant till.

PREVIOUS INVESTIGATIONS
V.Madsen (1900) mentions the complicated
structural conditions in the cliffs of Fbelg, where
Tertiary clay and glacial deposits are exposed in
“a somewhat disorderly fashion” (translated from
Madsen 1900). Because of the change in the de-
gree of exposure Madsen’s glacial stratigraphic
units cannot be demonstrated, at present. He re-
cognized two tills however, one rich and one ex-
tremely poor in Pal. limestone. No clear indica-
tion was given regarding the relative age of the
tills, only that they are older than the youngest
till cropping out on the island’s surface.
V.Milthers (1932) conducted indicator erratic

3 Pleistocene stratigraphy

counts on the beach gravels on the north coast of
Abelg, and the dominance of Norwegian over
Baltic indicators is ascribed by K.Milthers (1942)
to the presence of an older Norwegian till the in-
dicator erratic content of which has not been dim-
med by younger Baltic tills.

DESCRIPTION
Three main sites have been chosen for glacial
stratigraphic studies. Site A (Badehavn) (fig. 21)
is situated around, and to the northeast of, the
landing-stage on the SW side of the island. It is
built up of the Middle till folded by ice pressure
from the NE, unconformably overlain by the Up-
per till which in turn is overlain by a generally
sandy, fining upwards sequence. These deposits
have undergone glaciotectonic deformation from
the NE. A discordant till (Uppermost till) rests
unconformably upon the dislocated deposits.

Site B (Tjgrnehule) is a cliff section more than
400 m long in the central part of the SE coast of
the island (figs 21, 22). Site B consists of Tertiary
clay, the Lower till, the Middle till, and is over-
lain by the fining upwards sequence. This series
of strata has been overthrusted and folded by ice-
deformation from north-easterly directions (fig.
25).

Site C (figs 21, 23) is situated on the north-
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Fig. 22: Selected cliff section, Tjgrnehule, loc. 4, Abelg.

western tip of AEbelg (Nordrebrad) and consists
of the Lowermost till, overlain by fine grained
waterlaid deposits and the lower till. The Middle
and the Upper tills have been thrusted upon this
vertically inclined sequence from a north-easterly
direction. The glacial sequences from the three
sites are correlated with each other and illus-
trated in the data-chart (fig. 24).

STRATIGRAPHY

THE LOWERMOST TILL (Lm): Trelde Nas
Till is a sandy, banded, dark brown to blackish
till of less than 3 m in thickness. Clast com-
position shows little Pal.limestone (12%) and
roughly equal amounts of quartz and flint (16%).
The lowermost till is an Al-till.

THE LOWER TILL (L): Ashoved Till is dark
brown to blackish, sandy and massive. It is more
than 3 m thick and contains small amounts of Pal.
limestone (10-16%) and equal amounts of quartz
and flint (15%). The content of re-deposited
Quaternary foraminifera is low except for one

sample which contains a rich (Z) accumulation of
foraminifera resembling the fauna of the marine
Holsteinian. The lower till is characterized as an
Al-Z till,

THE MIDDLE TILL (M): Lillebelt Till is sep-
arated from older tills by lenses of fine grained
sand. The Middle till is more than 3 m in thick-
ness, grey, massive and clayey. It contains large
amounts of - Pal.limestone (20-40%), small
amounts of quartz (4%) and large quantities of
flint (30%). The Middle till does not contain
noteworthy amounts of re-deposited Quaternary
foraminifera. The Middle till is characterized as a
B2-0 till.

THE UPPER TILL (U): Mid Danish Till un-
conformably overlies the Middle till and Tertiary
deposits at site A. Here its substratum has been
folded from the north-east. The Upper till is a
grey, clayey, massive till and clast long axes dip
gently towards the NE giving a longitudinal fab-
ric, indicating ice-movement from the NE. The
Upper till is poor in Pal.limestone (8-13%) and

E v, ® ®

Fig. 23: Selected cliff section, Nordrebrad, loé. 4, Ebelg.
Further explation fig. 22.
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Fig. 24: Glacial stratigraphic data chart loc. 4, ZEbelg. Lowermost till (Lm) Trelde Nes Till, Lower till (L) Ashoved Till, Middle till
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quartz (4%). Apart from numerous kinnekulle-
diabase erratics the till is also characterized by
many of the so-called Katholm erratics, which are
indicators of ice movement from the NE as de-
scribed by Baartman and Christensen (1975).
The upper till also contains a re-deposited for-
aminiferal accumulation, resembling the Sk-
rumhede fauna (X) and suggesting a Weichselian
age. The Upper till can be characterized as a NE-
till of B1-X composition.

THE WATERLAID, FINING UPWARDS
SEQUENCE is deposited upon the Upper till at
site A but it overlies the Middle till at site B, and
it apparently overlies the Lower till at site C. It is
a sequence, more than 10 m thick, fining upwards
and characterized by imbricated pebble and
gravel sheets interbedded with plane-bedded and
tabular cross-bedded sand. Higher up in the se-
quence climbing ripples laminated sand and silt
dominate, ending with varved silt and clay. The
current-bedding indicates palacocurrents moving
west- and south-westward. This sequence and un-
derlying deposits have been subjected to glacio-
tectonic deformation from the NE (fig. 25).

THE UPPERMOST TILL (Um): East Jylland
Till is found at site A, where it unconformably
overlies the top of the fining upwards sequence

- - T L aiwiy 1
Fig. 25: SW-NE oriented section showing the Lower till (L) Ashoved Till overlain by the Middle till (M) Lillebzelt Till and waterlaid
outwash thrusted from the NE, pt. 350 m, Tjernchule, loc. 4, Abelg.

which is folded from the NE. The Uppermost till
is less than 2 m thick, massive clayey and brown.
It contains rather large amounts of Pal.limestone
(20-24%) and little quartz (3%), and very limited
amounts of re-deposited Quaternary foraminif-
era. The Uppermost till is characterized as a B2-0
till.

CORRELATION AND CONCLUSION

The Lowermost and the Lower tills (Trelde Nzs
Till, Ashoved Till), are both characterized by
equal amounts of quartz and flint and with Fen-
noscandian provenance, and in the Lower till, a
content of re-deposited Holsteinian foraminifera,
They are correlated with the two older. post-
Holsteinian from Trelde Nas and Ashoved and
they assumingly correspond to the middle till
from Rggle with similar clast composition. The
Middle till at Ebels (Lillebaelt Till) is character-
ized by small quantities of quartz and has a Baltic
provenance and is correlated with the Upper,
Baltic till at Regle which possesses similar com-
positional properties. Both tills are glaciotecton-
ically disturbed from the NE, and their relation-
ship in age will be further examined in the de-
scription of the next locality. The Upper till (Mid




Fig. 26: Limestone rich, Baltic till (L) Lillebzlt Till underlying
limnic, Eemian deposits (E) and solifluction material (S), loc.
90, Ejstrup (scale 20 ¢cm interval).

Danish Till) is correlated with the Uppermost till
at Regle, they are both NE-tills with low quartz
contents and of Fennoscandian provenance.
Readmixed quaternary foraminifera of X asso-
ciation at Abelg suggests a Weichselian age for
the till. The Uppermost till (East Jylland Till) is
of Baltic provenance and has a low quartz con-
tent. It was most probably deposited by the youn-
gest Weichselian icestream that covered Zbela.

4.5 LOC 90: EJSTRUP

Even though this site (fig. 7) is not characterized
as a principal locality. it is the only locality in the
region where a Baltic, probably late Saalian till,
is found overlain by limnic deposits from the Ee-
mian Interglacial. The description of this locality
will appear together with the other localities of
arca 9, but a few principal features concerning
the glacial stratigraphy of the whole region are
connected with this locality at Ejstrup as well as
the classical localities at Brorup 20 km west of the
region examined.
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PREVIOUS INVESTIGATIONS

Hartz (1909) described the flora and fauna of in-
terglacial beds overlying meltwater deposits and
till at Ejstrup Station about 1 km east of the pres-
ent locality. Hartz concluded that the Ejstrup bog
could be correlated with other interglacial bogs at
Brgrup and he estimated them to belong to the
Eemian Interglacial.

V.Milthers (1925) described the substratum of
the Eemian bogs in the Ejstrup-Brgrup area and
indicated that this substratum mainly consists of a
clayey till, rich in limestones, occasionally over-
lain by meltwater clay. The limnic deposits are
situated in numerous hollows (kettles) the origin
of which may be found in the dead-ice masses of
the late Saalian ice-sheet which deposited the
limestone-rich till. According to petrographic
stone counts made by Milthers in the till under-
lying the “kettle bogs™ at Brgrup, the clast com-
position is of Baltic provenance (22-23% Pal.
limestone in the exotic components). V.Milthers
concluded on the basis of indicator erratic counts,
that the limestone-rich till underlying the Eemian
bogs at Brerup makes up large parts of the sur-
face deposits in the pre-Weichselian glacial land-
scape west of the Main Stationary Line and that
this till was deposited by a Baltic ice sheet prob-
ably in the later part of the Saalian.

Regarding the content of re-deposited, marine
shells at Brarup, V.Milthers (1925) referred to
the samples collected by Hartz from the till un-
derlying the Eemian bogs and found that the till
is characterized by re-deposited and fragmented,
marine molluscans dominated by boreal species
but also containing shell fragments of arctic deri-
vation. The content of shell material had in
V.Milther’s opinion, its origin in the well de-
scribed marine Eemian beds from the southern
part of Denmark (Madsen et al. 1908).

DESCRIPTION

The present site is a gravel pit situated on the
northern rim of the Kolding A valley at Ejstrup.
Beneath more than 8 m of sandy and gravely, wa-
terlaid outwash deposits a “floor™ of grey, cal-
careous, clayey till is present. A trench about m
wide was dug into this floor in an attempt to find
more gravel beneath the till. Fortunately, the
place chosen revealed a depression in the till-
surface, where interglacial, limnic gyttja and peat
deposited upon the till and overlain by solifluc-
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Fig. 27: Glacial stratigraphic data chart, loc. 5, S@ndervilstrup Strand. Lowermost till (Lm) Lillebzlt Till, Lower till (L) Ristinge Klint
Till, Middle till (M) Mid Danish Till, Upper till (U) East Jylland Till.

tion material was found (fig. 26). The combined
thickness is more than 2 m. This sequence be-
neath the meltwater deposits has been folded
around an axis trending roughly N-S with a west-
ern vergence.

STRATIGRAPHY
THE TILL: Lillebelt Till is grey, massive, clayey
and more than 2 m in thickness and it rests upon
sand and gravel beds. It is rich in Pal.limestone
(21-26%) and poor in quartz (5%). It contains in-
significant amounts of re-deposited Quaternary
foraminifera, and it is, on compositional grounds,
characterized as a B2-0 till. .

THE INTERGLACIAL LIMNIC DEPOSITS

. consist of sandy gyttja deposited upon the till and

overlain by peat, and has a combined thickness of
about 1 m. Overlying the peat more than 1 m of
re-deposited gyttja, peat and till make up a sol-
ifluction deposit filling the former lake-depres-
sion. A palynological analysis of a sample of the
undisturbed peat revealed a pollen spectrum
characteristic of Eemian pollen zone 4 as defined
by S.Th.Andersen (1961). In the same peat-bed a
thermoluminiscence dating was undertaken, the
result of which gave an age of 93100 TL-years
(Kronborg 1983).

THE UPPER WATERLAID BEDS consist of
more than 8 m of trough-, tabular cross-bedded
and plane bedded sand and pebbles interveined



Fig. 28: Precipitated ironoxides on the surface of the lowermost
till (Lm) Lillebaelt Till and in a cover of meltwater sand (S). The
Middle till (M) Mid Danish Till overlies this presumably Ee-
mian paleosol. Sendervilstrup Strand, loc. 5.

by imbricated sheets of coarse gravel. The sedi-
mentary structures indicate westward moving
palacocurrents. The Upper stratified drift has a
characteristic content of re-deposited Eemian
floral and faunal fragments described by Nord-
mann (1958).

DISCUSSION AND CONCLUSION

From a comparison of the data presented by
Hartz (1909) and V.Milthers (1925), it is highly
probable that the till underlying the Eemian bogs
at Brarup is identical with the till underlying the
Eemian bog at Ejstrup. The till is poor in quartz
and of Baltic provenance and also rich in Creta-
ceous-Paleocene limestone and a chalk. The sam-
ples treated in connection with this investigation
have revealed small, but insignificant amounts of
re-deposited Quaternary foraminifera. The 1ill at
Ejstrup (Lillebelt Till) is correlated with the Bal-
tic till at Regle, both of which are overlain by gla-
ciofluvatile deposits contaning re-deposited bio-
genetic fragments of Eemian derivation. The
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contents of re-deposited Quaternary foraminifera
resembling the Y-foraminiferal assemblage re-
ported from the Upper till at Rggle (Lykke-An-
dersen 1973) could in fact have the same origin as
the molluscan fragments from Brgrup. This
would suggest that marine deposits of pre-Ee-
mian age, strongly resembling the marine Ee-
mian faunas is present in Saalian tills, but appar-
ently in a much more diluted state than is found
in Weichselian tills with re-deposited Eemian and
Early Weichselian material. The dislocation of
the sequence (till, the Eemian deposits and the
solifluction material) from an eastern direction
could suggest correspondance to the NE-dislo-
cations from /AEbelg and Rggle, but it could also
have originated during an earlier glacial phase of
the Weichselian.

4.6 LOC 5: SONDERVILSTRUP STRAND
Loc. 5 is a cliff section more than 5 km long, with
a varying degree of exposure, situated on the Lil-
lebalt coast 10 km SE of Haderslev (fig. 7). In
the cliff section 4 tills interbedded with stratified
sand and gravel can be observed. Glaciotectonic
structures at the base of the Middle till indicate
ice-deformation from north-easterly directions.

PREVIOUS INVESTIGATIONS

Jessen (1935) mentions the presence of 3 tills in-
terbedded with glaciofluviatile material, all as-
sumed to be of Weichselian age. Frederiksen’s
(1975, 1976) investigations show that the upper
till has a fabric indicating ice movement from the
SE, whilst the middle till has associated glaciotec-
tonic deformations from the NE. Frederiksen
concluded that the lower till can be correlated
with the lower till at Halk Hoved (loc. 112) de-
scribed by Jessen (1930), and that this till is prob-
ably of Saalian age. The middle and upper tills
are ascribed to the Main Weichselian and the
Young Baltic glacial phases respectively.

DESCRIPTION AND STRATIGRAPHY (fig.
27)

THE LOWERMOST TILL (Lm): Lillebzlt Till
is less than 5 m thick. grey clayey and massive.
Measurements of clast long axes orientation re-
vealed an eastward dipping. longitudinal fabric
indicating ice movement from an easterly direc-
tion. Clast composition shows high values of Pal.
limestone (24-40%), low quartz content (4%)
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and high flint content (20%). The amount of re-
deposited Quaternary foraminifera is insignifi-
cant. The lowest till is an E-till of B2-0 com-
position.

THE LOWER WATERLAID MATERIAL is
deposited upon the lowermost till and consist of
less than 1 m of sand. In the sand a leached hori-
zon overlying a rust-cemented zone of precip-
itated iron-oxides has been interpreted as a pod-
solic palacosoil (fig. 28).

THE LOWER TILL (L): Ristinge Klint Till is
about 1 m thick, brown, banded and clayey, and
it overlies the lowermost. till. Clast orientation
measurements revealed a south-eastward dip-
ping, longitudinal fabric indicating ice movement
from the SE. The till has a high amount of Pal.
limestone (29%), a low content of quartz (4%),
moderate to high values of flint (13-26%) and a
characteristic content of re-deposited Quaternary
foraminifera of Y-accumulation. The lower till is
characterized as a SE-till of B2-Y composition.

THE MIDDLE WATERLAID DEPOSITS
consist of a fining upwards sequence of more than
5 m of current bedded sand and fine gravel inter-
bedded with sheets of coarser material. Palaeo-
current measurements indicate water-flow to-
wards the NW.

THE MIDDLE TILLE (M): Mid Danish Till is
grey, massive, clayey and less than 2 m thick. At
its base glaciotectonic structures indicating ice
deformation from the NE were observed. Meas-
urements of clast long axes orientation revealed a
north-eastward dipping, somewhat diffuse longi-
tudinal fabric, indicating ice movement from the
NE. The clast composition shows restricted
amounts of Pal.limestone (18%), little quartz
(4%), considerable quantities of flint (16-28%)
and the content of re-deposited Quaternary for-
aminifera shows a mixture of X and Y accumula-
tions. The Middle till is characterized as a NE-till
of B1-X/Y composition.

THE UPPER WATERLAID BEDS consist of
a coarsening upwards sequence with laminated
clay and silt at the base and coarse gravel and
lenses of flow-till at the top.

THE UPPER TILL (U): East Jylland Till is
brown, massive, clayey and more than 2 m thick.
Clast long axes measurements revealed a south-
eastward dipping longitudinal fabric, indicating
ice movement from the SE. The clast composi-
tion is rich in Pal.limestone (22-25%), low in
quartz (3%) and shows a moderate flint content
(19%). The Upper till contains re-deposited
Quaternary foraminifera of Y-accumulation. The



Upper till is termed a SE-till of B2-Y composi-
tion.

DISCUSSION AND CORRELATION
Frederiksen (1975) argued, mainly on the basis of
re-deposited Quaternary foraminifera, that the
oldest till in the Sgndervilstrup cliff section (Lo-
wermost till) is of Saalian age and that the clast
composition is an indication of Baltic heritage.
The present investigation shows that this till is
overlain by another Baltic till (Lower till), which
only differs noticeably from the former by its con-
tent of re-deposited Quaternary foraminifera of
Eemian derivation. However, they have not been
seen separated from each other by the presumed
podsolic horizon. It is therefore suggested, in ac-
cordance with Frederiksen, that the Lower till
(Ristinge Klint Till) is of Weichselian age and the
Lowermost (Lillebelt Till) is of late Saalian age.
The latter is correlated with the till underlying
the Eemian bog at Ejstrup and the Middie till of
Abelg. The Middle (NE) till (Mid Danish Till)
and the Upper (SE) till (East Jylland Till) of Sgn-
dervilstrup Strand are correlated with the Upper
(NE) till and the Uppermost till of Ebelg respec-
tively.

4.7 LOC. 6: SONDERBY KLINT

Senderby Klint is situated about 5 km SE of As-
sens on the Lillebalt coast of SW-Fyn (fig. 7). It
is a cliff site consisting of 2 tills (Lower and Mid-
dle tills) separated by meltwater deposits, folded
and thrusted from a southerly direction, and
overlain by a third, discordant (Upper) till or
stratified gravely deposits. The entire sequence is
of Weichselian age.

PREVIOUS INVESTIGATIONS

V.Milthers (1940) mentions the presence of peat
beds beneath 12 m of till material in the central
part of Sgnderby Klint cliff. Samples of the peat
were subjected to palynological analysis and the
results indicate Eemian age (V.Milthers 1940, p.
53).

K.Milthers (1942) published indicator erratic
counts from beach gravels and a gravel pit at S¢n-
derby Klint. Both sites are dominated by Aland
indicator erratics and to a lesser extend by Dalar
rocks. The beach gravels, which accumulated
from the whole of the cliff section, show small but
equal amounts of Baltic quartz-porphyry and
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Kinne-diabase. The gravel pit shows a somewhat
higher content of Baltic indicators.

Schwann & van Loon (1979) and Schwann &
Rizema (1982) described sedimentary facies in
the cliff face and divided the glacial sequence into
4 major lithostratigraphic units: an upper (flow-)
and a lower (basal-) till separated by, as well as
overlain by, sand and gravel beds of glaciola-
custrine and glaciofluviatile origin. Prior to the
deposition of the upper meltwater sand and
gravel the older deposits were folded and
thrusted by ice pressure from the south. Schwann
& van Loon and Schwann & Rizema concluded
that the entire sequence in Senderby Klint was
deposited during oscillations of the Lillebzlt gla-
cier; presumably a late phase of the Young Baltic
(Weichselian) ice-cover.

DESCRIPTION

Three sites of the more than 3 km long and rather
well exposed cliff section have been chosen for
glaciostratigraphic studies. Site A: (fig. 29), also
described by Schwann & van Loon corresponds
to section II of Schwann & Rizema and consists
of thrusted and folded slices of the Middle till,
the overlying meltwater material and the Upper
till. Coarse waterlaid deposits unconformably
overlie this sequence. Site B: (fig. 29) (situated
immediately east of Schwann & Rizemas section
IT) is shown in fig. 30. The Middle till and the
middle waterlaid deposits are cut by southward
dipping thrust planes and are folded along
roughly E-W trending axes (fig. 34). Site C: (fig.
29) (Schwann & Rizemas section III s. 8) is
shown in fig. 31. It consists of the lowermost wa-
terlaid mud and sand which presumably overlies
the limnic Eemian deposits described by V.Milth-
ers. The mud and sand is overlain by the Lower
till, which in turn is overlain by the lower strat-
ified sand. At the base of the Middle till these de-
posits have been isoclinally folded, by ice press-
ure from the ENE, along an inclined axis dipping
towards the SSE (figs 31, 33). The middle till and
the underlying deposits have been thrusted from
the SSE and folded by associated drag along
ENE-WSW trending axes and overlain by the
Upper (discordant) till. The stratigraphic col-
umns from the three sites have been put together
in the data chart (fig. 36).
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Fig. 30: Selected cliff section B, Sgnderby Klint.

STRATIGRAPHY (fig. 36)

THE LOWERMOST WATERLAID MATE-
RIAL consist of at least 2 m of laminated silt and
clay with a tendency to coarsen upwards.

THE LOWER TILL (L): Ristinge Klint Till is
less than 2 m thick, grey, clayey and massive. The
clast composition shows large amounts of Pal.
limestone (25%), little quartz (4%) and a high
flint content (24%). Analysis of re-deposited
Quaternary foraminifera shows that the lower till
is dominated by the Y-foraminiferal accumula-
tion with a secondary content of Z-accumulation.
The Lower till is characterized by its composition
as a B2-Y till.

THE LOWER WATERLAID BEDS consist
of rather well sorted, generally plane-bedded,
white and yellow sand of more than 3 m thick-
ness. Its deposition was succeeded by the older
deformational phase due to ice transgression
from the ENE.

”

THE MIDDLE TILL (M): Mid Danish Till ly-
ing unconformably upon the older deposits is up
to 5 m thick, grey and brown, and clayey appea-
ring massive in its upper parts and banded to-
wards the base. The clast composition shows lim-
ited quantities of Pal. limestone (15%) little
quartz (2-9%) and much flint (22-40%). Where
the content of re-deposited Quaternary forami-
nifera is sufficient, it is dominated by X and Z-
foraminiferal accumulations or mixtures of these
with a secondary content of Y-accumulation. Oc-
casionally the Middle till contains large (meter
size) clasts of older till material with very small
quantities of limestone and equal amounts of
quartz and flint (18-20%). The Middle till can be
characterized as a B1-X(0OZ) till.

THE UPPER WATERLAID BEDS consist of
more than 10 m of coarse gravel interbedded by
lenses and beds of sand. Only very few cross bed-
ded primary sedimentary structures have been
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observed at site 1 but at site 2 this stratified drift
is dominated by trough and tabular cross bedding
that indicate westward moving palaeocurrents.

THE UPPER TILL (U): East Jylland Till can
be divided into 2 sub-units; a) one unit up to 3 m
thick consists of tongues of flow-till interveined
by well-sorted sand and gravel, which have par-
ticipated in the last deformational phase, b) the
second unit is also brown, about 2 m thick,
banded in the lower section and massive in the
upper (fig. 35) lying unconformably upon the ice-
deformed sequence. In the discordant subunit of
the Upper till, measurements of clast long axis
orientation revealed a southward dipping, longi-
tudinal fabric which implies ice movement from
the south. The clast composition of both subunits
is rich in Pal. limestone (34%), poor in quartz
(1-4%) and contains considerable amounts of
flint (18-29%). The Upper till can be character-
ized as a S-till of B2-0 composition.

THE UPPERMOST STRATIFIED MATE-
RIAL is found at site A where it unconformably
overlies the flow-till subunit of the Upper till. It is
more than 5 m in thickness and consists of coarse
gravel, interbedded with more fine grained,
mostly sandy, deposits.

DISCUSSION AND CORRELATION

The results of K.Milthers’ (1942) indicator erratic
counts imply that the sequence from which the in-
dicators are derived must be of a composite na-
ture, though dominated by material of Baltic pro-
venance. The presence of Kinne-diabase in the
same quantities as the Baltic quartz-porphyries
suggests the presence of till-material of Fennos-
candian provenance. Schwann & van Loon
(1979) ascribe the Middle till (= basal till) at site
A to the northward moving Lillebzalt stage of the
Young Baltic ice sheet, even though they state




Fig. 32: Detail of section C, Sgnderby Klint (pt. 40 m, fig. 31).
Lower till (L) Ristinge Klint Till covered by sand and un-
corformably overlain by the Middle till (M) Mid Danish Till.
Incert see fig. 33.

Fig. 33: Folded sand at the base of the Middle till (M) Mid Dan-
ish Till, section C. pt. 40 m, Spnderby Klint. Axial properties
1607300, vergence towards the southwest.

Fig. 34: Detail of section B (pt. 10 m, fig. 30) Senderby Klint.
Middle till (M) Mid Danish Till overlain by proximal outwash
(P).

e - 4 -

Fig. 35: Upper till: East Jylland Till (pt. 20 m.
Klint.

fig. 30) Senderby
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that the clast content of the basal till is “quite un-
baltic”.

The somewhat conflicting evidence of the in-
dicator erratics can be explained by the presence
of 3 till units representing 3 individual ice-
streams, with particular directions of movement
and provenance dependent features. The sup-
posed stratigraphic position of the Lower till
upon interglacial, limnic beds of Eemian age is in
agreement with its content of re-deposited Qua-
ternary foraminifera, thus it contains readmixed
foraminifera of Eemian derivation (Y-accumula-
tion). The Middle till mostly shows and Early-
Middle Weichselian (X-) accumulation. The clast
composition of the 3 tills indicates that the
Lower- and the Upper till are of Baltic proven-
ance whereas the Middle till is of Fennoscandian
provenance. The deformational pattern can be
grouped into two phases. An early phase of ice
transgression from the ENE produced the first
deformational phase and the subsequent deposi-
tion of the Middle till. This was succeeded by the
second glaciotectonic phase with thrusting and
folding from a southerly direction by the ice sheet
which deposited the Upper till. The three tills of
Sgnderby Klint are correlated with the three up-
per tills at Sgndervilstrup because they possess
similar directional properties, compositional el-
ements and are all of post-Eemian age.

The three till units can be correlated with ex-
traregional till-units from the glacial sequence at
the principal locality Ristinge Klint (cf. Sjgrring
et al. 1983). In the Ristinge section four tills of
Weichselian age are described in terms of lithol-
ogy and structural setting (Madsen 1916, Rose-
nkrantz 1944), till fabric measurements (Ehlers
1979, Sjgrring et al. 1983), stone counts (Madsen
1916), fine gravel-analysis (Ehlers 1979, Sjgrring
et al. 1983) and re-deposited Quaternary forami-
nifera (Sjgrring et al. 1983). Additional methods
applied by these authors are not used in this cor-
relation. The four till units of Ristinge Klint of
which the older two are dislocated from the SE,
are separated by waterlaid deposits and rest upon
marine beds of Eemian age. The tills are 1) a
“thin” (Old Baltic) till with fabrics indicating ice-
movement from the SE. It is of Baltic composi-
tion and with insignificant quartz contents. 2) a
“thick” biparted NE-till of B1-X composition and
3 & 4) a lower and an upper, discordant till with
low quartz contents, and for the lower one with

fabric indicating ice-movement from the SE.
Consequently the lower till at Sgnderby Klint is
correlated with the lower till at Ristinge, the NE-
tills of B1-X composition are correlated with one
another and the upper, S-till of B2 composition is
correlated with the lower of the discordant tills at
Ristinge Klint.

CONCLUSION

With reference to the principal locality of Rist-
inge Klint the glacial sequence at Sgnderby can
be divided into 3 major lithostratigraphic till units
deposited by 3 major Weichselian ice-streams: 1)
the Lower, Baltic till (Ristinge Klint Till) with a
content of re-deposited foraminifera of Eemian
derivation, probably deposited by the Old Baltic
ice-stream. 2) The middle till of Fennoscandian
provenance (Mid Danish Till) containing Early-
Middle Weichselian foraminifera of northerly
provenance was most probably deposited by the
Main Weichselian advance. The Upper till (East
Jylland Till) deposited by an ice-stream locally
from the south, has a Baltic clast provenance and
was probably deposited by the Young Baltic ice-
stream. '



4.8 LOC. 7: NORTH SAMSQ

The cliff sections of North Samsg are situated on
the NW coast of Samsg island (fig. 7). The sec-
tions are built up of 3 major till-units separated
by waterlaid deposits. Glaciotectonic structures
generated by ice-pressure from the NE dominate
the sections.

PREVIOUS INVESTIGATIONS

V.Madsen (1897) carried out the geoiogical map-
ping of the island of Samsg using the newly estab-
lished stone count method in stratigraphic corre-
lation. V.Madsen outlined a glacial stratigraphy
built up of two tills separated by a series of melt-
water deposits. The lower grey till has a lower
flint/crystalline rock fragment ratio than the
brown upper till, which has a higher flint content.

V.Milthers (1932) counted indicator erratics in
beach gravels and found that North Samsg, in
contrast to adjacent areas, is dominated by Nor-
wegian indicators. K.Milthers (1942) explained
this relationship by the presence of an older Nor-
wegian till of either late Saalian or early Weichse-
lian age, penetrating younger deposits of Baltic
provenance.

Houmark-Nielsen (1976a, b, ¢) examined the
cliff sites and described the glacial stratigraphy of
North Samsg, and Houmark-Nielsen & Berthel-
sen (1981) published the results of these investi-
gations focussing on the kineto-stratigraphic divi-
sion of the glacial sequence. The following de-
scription is a condensed presentation of these
works.

DESCRIPTION

About 3 km of the more than 7 km long west
coast of North Samsg is well exposed and suitable
for glaciostratigraphic studies. In the cliff sections
{(Houmark-Nielsen & Berthelsen 1981, p. 114-
115) the three lower tills are interbedded with
sandy and gravely sandur deposits and are
strongly folded and thrusted from a north-east-
erly direction and subsequently from more east-
north-easterly directions. The entire glacial se-
quence was then folded from a south-easterly di-
rection. Glaciotectonic features, related to this
later phase of ice transgression are however less
distinct. The two generations of glaciotectonic
events are separated in time by the deposition of
the upper waterlaid deposits.
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STRATIGRAPHY (fig. 37)

THE LOWER TILL (L): Kattegat Till is a
mostly massive, more than 2 m thick, grey, clayey
till, banded in the uppermost parts. The clast
composition is low in Pal.limestone (15%), it has
little quartz and much flint and the till contains an
accumulation of re-deposited Quaternary forami-
nifera comparable with the Early- to Middle
Weichselian “Skerumhede” deposits. The lower
till is termed a Fennoscandian B1-X till.

THE LOWER WATERLAID DEPOSITS
overlying the lower till (fig. 38) are divided into 3
units. The lower unit is a less than 2 m thick se-
quence of sand and gravel fining upwards, with
lenses of laminated clay containing a similar for-
aminiferal accumulation as the lower till. The
middle unit consists of a sandy and pebbly more
than 4 m thick, deltaic sequence in which pal-
aeocurrent measurements indicate infilling from
the south. The upper unit consists of 4-5 m of im-
bricated coarse gravel interveined by more sandy
beds. Palacocurrent directions are directed west-
and southwestwards.

THE MIDDLE TILL: Mid Danish Till is divis-
ible into 2 beds (Lm Um), separated by coarse
gravel deposited by westward moving proximal
meltwater streams. The Middle tills are charac-
terized by longitudinal and transverse fabrics in-
dicating ice-movement from the NE, small quan-
tities of Pal. limestones, little quartz and high
flint values, and by re-deposited Quaternary for-
aminifera of the X-accumulation. The Middle till
unit (fig. 39) is termed a NE-till of B1-X com-
position.

THE UPPER WATERLAID DEPOSITS are
divided into 2 units. 1) a lower, sequence fining
upwards glaciotectonically deformed from the
NE along with the middle tills, and 2) a younger,
sequence coarsening upwards dislocated by the
younger glaciotectonic phase, indicating ice-ad-
vance from the SE.

THE UPPER TILL (U): East Jylland Till is
partly bounded by glaciotectonic unconformaties
indicating deformation from the SE, whilst the
lower bounding units consists of either waterlaid
material or the middle till. The Upper till is
brown, massive, clayey and less than 2 m thick.
Fabric studies indicate ice movement from the SE
and the clast composition shows intermediate
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Fig. 37: Glacial stratigraphic data chart, loc. 7, North Samsg. Lower till (L) Kattegat Till, Middle tills (Lm, Um) Mid Danish Till, Up-
per till (U) East Jylland Till.



amounts of Pal.limestone (20% ), low quartz and
high flint values. The upper till is termed a SE-till
of B 1/2 composition.

CORRELATION

The four till units of North Sams¢ were appar-
ently deposited by three individual ice-streams.
The lower, Fennoscandian till (Kattegat Till)
from which the Norwegian indicators supposedly
have originated is correlated with the lower
“Norwegian”-till of Halsnzes (Rerdam 1893, Sjoer-
ring 1974, Jensen 1977) which is characterized by
fabrics indicating ice movement from the north,
Fennoscandian provenance and a pronounced

= P

Fig. 38: Lower till (L) Kattegat Till covered by fine grained (F)
and coarse (C) meliwater deposits unconformably overlain by
the upper Middle till (M) Mid Danish Till, North Samse.

4 Pleistocene stratigraphy
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content of re-deposited Quaternary foraminifera
of the X-accumulation. The two middle NE-tills
of Fennoscandian provenance and low quartz
content (Mid Danish Till) are correlated with
NE-tills of similar composition from locs 4, 5 & 6
(Abelp, Sendervilstrup and S¢nderby). Even
though the upper till (East Jylland Till) shows an
intermediate exotic clast composition with low
flint content, fabrics indicate ice-flow from the
SE and it is correlated with the younger Baltic
SE-tills of locs 5 & 6 (S¢ndervilstrup and Sen-
derby).
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4.9 LOC. 8: SEJER®

Sejerg is situated between Samsg and NW-Sjal-
land (fig. 7) and the cliff site discussed lies at
Kongshgj on the south-easternmost tip of the is-
land. The cliff section consists of 4 tills, the 3
youngest separated by waterlaid material. They
overlie limnic deposits of Middle Weichselian
age. Houmark-Nielsen (1980) described the cliff
section, and Houmark-Nielsen & Kolstrup (1981)
published results of glaciostratigraphic- and pal-
ynological investigations.

STRATIGRAPHY (fig. 40)

THE INTERSTADIAL DEPOSITS (fig. 41),
the lower boundary of which is not exposed, con-
sist of at least 3 m of laminated organic rich, sand
and silty clay bounded upwards by the Lower till.
The organic material is dominated by fragments
of Cyperaceae and Gramineae. Radiocarbon
dates revealed an age between 36900- and 36710
+ 460 years BP. These properties suggest that the
Sejerg interstadial beds was deposited most prob-
ably during the Hengelo Chronozone.

Loc.8: KONGSH@J, SEJERD

B o

'
[

THE LOWERMOST TILL (Lm): Ristinge
Klint Till is less than 2 m thick, grey, clayey and
appears both banded and massive. It has a lower,
unconformable boundary in contact with the in-
terstadial deposits. Upwards it grades into the
lower till, or is separated from this by smears and
lenses of sand. The clast composition is of Baltic
provenance (28% Pal. limestone), the quartz
content is low and the matrix is characterized by
re-deposited Quaternary foraminifera of the Y-
accumulation. The lowermost till is termed a
B2-Y till in accordance with its compositional
characteristics.

THE LOWER TILL (L): Mid Danish Till is
about 2 m thick, brown and banded in the upper
sections, grey and massive towards the base. Fab-
ric studies indicate ice movement from the NE
and clast composition shows and average of 16%
Pal.limestone, and little quartz when compared
to flint content. It contains insignificant quanti-
ties of re-deposited Quaternary foraminifera.
The lower till is termed a NE-till of B1 com-

position.
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Fig. 40: Glacial stratigraphic data chart, loc. 8, Kongshgj, Sejerg. Lowermost till (Lm) Ristinge Klint Till, Lower (L) Mid Danish

Till, Middle till (M) East Jylland Till, Upper till (U) Balthav Till.



THE MIDDLE TILL (M): East Jylland Till is
separated from the lower till by more than 2 m of
waterlaid gravel, grading upwards into cross-bed-
ded and cross-laminated sand deposited by north-
ward moving palacocurrents. The middle till is
about 1 m thick, brown, clayey and massive. Fab-
ric analysis was previously (Houmark-Nielsen &
Kolstrup 1981) suggested to indicate ice-move-
ment from the E. A reconsideration has, how-
ever, omitted this fabric as being suitable for
analysis because of its vague character. Clast
composition is weakly Baltic (20% Pal. lime-
stone) and the quartz content is insignificant. The
middle till is termed a till of B 1/2 composition.

THE UPPER TILL (U): Belthav Till is separ-
ated from the Middle till by more than 2 m of
sand with climbing ripples and planar- and
trough- cross-bedded sand and gravel deposited
by eastward and northward flowing meltwater-
streams. It unconformably overlies the previously
mentioned deposits. The older deposits are sep-
arated from the Upper till by a glaciotectonic dis-
conformity which indicates ice advance from the
SW. Fabric studies in the till show a longitudinal,
southwestward dipping orientation indicating ice
movement from SW and the clast composition is
of Baltic provenance (28% Pal.limestone) with
little quartz. The upper till is termed a SW-till of
B2 composition.

The upper till is overlain by coarse grained flow
till deposits. which in turn are overlain by sandy
waterlaid gravel, the combined thickness of
which is at least 3 m.

CORRELATION

It has been shown that the described glacial se-
quence from Sejerg appears to be younger than
about 36800 years BP.

Owing to its compositional characteristics the
lowermost till (Ristinge Klint Till) is correlated
with the lower tills of locs 5 and 6 (Sendervilstrup
and Svnderby) both overlain by NE-tills.

The Lower Fennoscandian NE-till (Mid Dan-
ish Till) and the Middle Fennoscandian to Baltic
E-till (East Jylland Till) of Sejere is correlated
with the NE- and SE tills of North Samse and
/belp as they occupy similar stratigraphic posi-
tions. The Upper SW-till of Baltic provenance
(Belthav Till) is correlated with the upper dis-
cordant till from Ristinge Klint and its deposition
is probably related to the youngest of the defor-
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mational phases from the SE recorded at North
Samsg.

Fig. 41: Limmic, interstatial deposits, Sejere Interstatial, loc. 8,
Kongshaj, Sejere.

4.10 LOC. 180: LYNGERUP

Like Ejstrup this locality is not a principal one,
however it provides valuable information regard-
ing the stratigraphic relationship of the younger
tills in the eastern part of the region examined.
The gravel pit at Lyngerup, which is pictured un-
der Area 18 (fig. 100) is no longer accessible to
study, it was however described by Houmark-
Nielsen (1980). It consists of 3 tills, interbedded
with waterlaid material. The deposits beneath the
Middle till have been subjected to glaciotectonic
folding from an easterly direction (fig. 42).

STRATIGRAPHY

THE LOWER TILL: Mid Danish Till is grey,
clayey and massive at the base, and banded and
brown at the top and more than 2 m thick. Its
lower boundary is not exposed. The clast com-
position is poor in Pal.limestone (3%) and the
lower sections contain re-deposited Quaternary
foraminifera of the X-accumulation. It is



THE LOWER WATERLAID deposits consist
of a more than 5 m thick fining upwards sequence
of imbricated gravel and trough- and planar
cross-bedded sand and pebbles. Palaeocurrents
were directed northward.

THE MIDDLE TILL: North Sjzlland Till is
about 1 m thick, brown, massive and clayey (fig.
102). Clast fabric analysis indicates ice movement
from the E and the clast composition shows lim-
ited amounts of Pal.limestone (12%). The lower
boundary is a glaciotectonic unconformity where
the lower waterlaid deposits and the lower till
have been folded from an easterly direction (fig.
42). The middle till is an E-till of Fennoscandian

Fig. 42: Lower waterlaid deposits folded by ice-deformation clast composition.
from the E (axial properties 4/0) loc. 180, Lyngerup. Upper tills

(North Sjeilland Till and Belthav Till} removed. See also fig.

102, page 7).

bounded upwards by the lower waterlaid sand
and gravel, which in turn is overlain discordantly
by the Middle till. The lower till is termed a Fen-
noscandian X-till. 4
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Fig. 43: Correlation chart and stratigraphic model based on ten principal and key localities, central Denmark.
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The UPPER TILL: Belthav Till is separated
from the Middle till by up to 1.5 m of laminated
clay, silt and fine sand. The Upper till is brown,
clayey, massive, and more than 2 m thick. Clast
fabric analysis indicates ice movement from the
SSE and clast composition is of Baltic proven-
ance, (23% Pal. limestone) with a low quartz
content. The Upper till is termed a SSE-till of B2
composition.

SEJER@

SONDERBY KLINT NORTH SAMS@

CORRELATION

Because of the presence of considerable amounts
of large blocks of kinne-diabase apparently asso-
ciated with the Lower till in the gravel pit, this till
with Fennoscandian clast composition and with
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re-deposited foraminifera of the X-accumulation
(Mid Danish Till) is correlated with the NE-tills
of similar- composition from Sejerg, North
Samsg, Sgnderby Klint and ZEbelg. The Middle
E-till (North Sjzlland Till) is regarded as previ-
ously unmentioned till unit characterized by Fen-
noscandian clast composition and directional
properties indicating deposition by an ice sheet
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from easterly directions. The Upper SE-till
(Belthav Till) is only indirectly correlated with
the SW-till of Sejerg, because of the difference in
the deduced patterns of their movement.
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4.11 LOCS. 37 & 70: SONDER VISSING
AND SNOGH®J

These two sites, located in central Jylland (Area
3, fig. 44) and by the narrowest part of Lillebzlt
(Area 7, fig. 44), are neither principal- nor key
localities. However, they probably hold some of
the oldest tills observed in the examined region.
It is demonstrated (figs 51 & 66) that respectively
a sandy till with in situ Norwegian erratics. (Sgn-
der Vissing Till) and a clayey, Baltic till (Snoghgj
Till); both holding about twice the amount of
quartz compared to the flint content; is overlain
by a till corresponding to the (Middle-) tills of
northerly.derivation and Norwegian provenance
(Trelde Nes Till) described from Trelde Nes (loc.
1) and Ashoved (loc. 2).

4.12 A LITHOSTRATIGRAPHIC MODEL
The combination of structural chronology and
lithostratigraphic correspondance between till
units observed at principal - and key localities
suggest, that 12 till formations can be established.
A lithostratigraphic model comprising till forma-
tions deposited during the last three glaciations
interfingering with outwash units and intergia-
cial-interstadial deposits have been constructed
(fig. 43).

Two Fennoscandian tills of respectively Nor-
wegian and Middle Swedish provenance and a
Baltic till are respectively named Sender Vissing
till, Palsgard till and Snoghgj till. All three show
alarger quartz content compared to flint and they
are found to be older than the first Saalian till or
deposits of the Holstenian Interglacial, thus the
tills were most probably deposited during the El-
sterian glaciation.

Bound by interglacial, limnic deposits of re-
spectively Holsteinian (lower boundary) and the
Eemian (upper boundary) two quartz rich, Fen-
noscandian tills and a quartz poor, Baltic till has
been recognized. The two older formations are
characterized as a N-till of Norwegian proven-
ance overlain by a NE-till of Middle Swedish pro-
venance, respectively named Trelde Nes Till and
Ashoved Till. They are in turn covered by an E-
till of Baltic provenance called Lillebzlt Till.
Most samples of these supposedly Saalian till
units show. negligible amounts of re-deposited
Quaternary foraminfera.

Six quartz poor till formations overlie limnic
Eemian deposits or hold a foraminiferal asso-
ciation most likely incorporated from Eemian to
Middle Weichselian marine beds; thus these tills
were deposited during the Weichselian glacia-
tion. Ristinge Klint Till a SE-till of Baltic proven-
ance with re-deposited south Danish Eemian for-
aminifera overlie the limnic sequence of the Sej-
erg interstadial (36800 y BP). It is succeeded by
three Fennoscandian tills: Kattegat Till, a N-till
of Norwegian provenance; Mid Danish Till, a
NE-till of Middle Swedish provenance; and
North Sjzlland Till, an E-till of Southwest to
Middle Swedish provenance. The Fennoscandian
tills are overlain by two respectively SE-S and
SE-SW-tills of Baltic provenance. They are
named East Jylland Till and Balthav Till, and the
older contains re-deposited Quaternary forami-
nifera of South Danish, Eemian derivation.




5. AREA DESCRIPTIONS

The examined region in the central part of Den-
mark has been divided into 19 areas containing
slightly less than 200 investigated localities (fig.
44). From each area about 9 single- or combined
localities are described and with reference to the
lithostratigraphic model data are presented in
glacial stratigraphic data charts. Data from pos-
sible principal localitics within a given area are
not pictured in the charts, but will naturally be
considered in the stratigraphic descriptions from
each area. Condenced stratigraphic columns
from each of the 19 areas will appear (fig. 105).
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5.1 AREA 1: ARHUS SW (locs 9-15, fig. 44)
MORPHOLOGY AND LOCATION

Area 1, lying between Arhus, Skanderborg and
Odder is dominated by the SW-NE elongated
ridges of Jelshgj, Malling-Odder and the hills
east of Skanderborg. The landscape is cut by the
Arhus-, Skanderborg- and Odder Valleys. The
localities investigated lie on the coast cutting the
Jelshgj ridge (locs 9, 10, 11) and further south-
wards around Kysing Fjord (13, 14). Inland lo-
calities 12 and 15 disect the Odder-Malling ridge
and the hills east of Skanderborg.
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PREVIOUS INVESTIGATIONS

Harder (1908) demonstrated that the till covering
the surface of the area, was deposited by the East
Jylland Icestream and is characterized by a Baltic
clast composition. V.Milthers (1932) and
K.Milthers (1942) studied indicator erratic boul-
ders from beach gravels and found a predomi-
nance of Baltic indicators. They saw the presence
of Baltic indicators as the result of the (Baltic)
East Jylland Ice cover, which was also respon-
sible for the formation of the elongated morpho-
logical ridges of the area, interpreted as recessive
ice border lines. Lykke-Andersen (1968) points
out, that the hills of Jelshgj are ice pushed ridges
comparable in size with the classical ridges of Od-
sherred. During the retreat of the East Jylland
Icesheet, local glacier tongues first from the
southeast later from eastern directions formed
the Jelshgj ridges.

Aread: ARHUS SW

STRATIGRAPHY
Simplified lithological logs of each locality are
shown in fig. 45. The till units are correlated and
pictured for the whole area in the data chart fig.
46.

The oldest till which has been observed in area
1, is a grey, clayey, massive, quartz poor Baltic
till (fig. 47) with insignificant amounts of re-de-
posited Quaternary foraminifera (B2-0): The Lil-
lebalt Till. It often overlies Tertiary clay but at
loc. 15a, however it overlies waterlaid sand and
gravel deposited by southward moving palaeo-
currents. The Lillebzlt Till is locally overlain by
waterlaid sand and gravel deposited by north-
ward moving meltwater streams. The sand and
gravel beds are overlain by a grey, massive quartz
poor till of Fennoscandian clast composition and
with an X-foraminiferal accumulation (B1-X):
The Kattegat Till. It is overlain by a waterlaid fin-

cl/s, Sa  Gravel Till

90: BALLEHAGE

”EASURED DIRECTION OF
FOLD AXIS . THRUSY ICE DEFORMATION
CONSTRUCTED FAULY (GLACIOTECTONICS) ¢

9b: MOESGARD STRAND

9¢ : FLOISTRUP SKOV

10: SKADE SKOV

r GLACIOTECTONIC ICE FLOW DIRECTION
| UNCONFORMATY . {TILL FABRIC
RANGE OF DEFORMATION ANALYSES)

RIBBLE DRIFT  [S=7Z] TROUGH CROSS- MASSIVE CLAYEY TILL
:_: - LAMINATION PLANE BEDDING SAMPLE NUMBER TERTIARY
=559 PLANE BZZC] TABULAR CROSS- IMBRICATION [l SANDY BANDED TILL DEPOSITS

J PALEOCURRENT
DIRECTION

Fig. 45: Simplified lithological logs, area 1, Arhus southwest.
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ing upwards sequence with primary sedimentary
structures indicating westward moving palaeocur-
rents. These strata have suffered glaciotectonic
deformation from the NE (locs 10, 12, 14) and
are unconformably overlain by a brown, massive,
quartz poor Fennoscandian till (locs 8, 9, 10, 12,
14) with an X-foraminiferal accumulation
(B1-X): The Mid Danish Till (fig. 47). It is over-
lain by waterlaid sand and gravel beds occasion-
ally coarsening upwards with bedding structures
indicating north- and westward moving meltwa-
ter streams. The above mentioned deposits have
undergone glaciotectonic deformation from the

(0e0#0,00,00
=0
QB0

B1-X
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DISCUSSION

Clast petrographic analysis of the youngest till in
the area confirms Harders (1908) view of its Bal-
tic provenance and fabric analysis and glaciotec-
tonic disturbances connected with the deposition
of the East Jylland Till indicate ice movement
from south-easterly directions. The deformation
chronology of the Jelshgj Hills proposed by
Lykke-Andersen (1968) can not be recognized,
on the contrary it seems highly probable, that an
older phase of glacial deformation from the ENE
took place in connection with the ice-stream
which deposited the Mid Danish Till and that this

.
L.Q?g’? 0%

13: NORSMINDE

15 3 & b: FRUERING - SOLBJERG

14: KYSING STRAND

12: MALLING STEN & GRUS

11: LANGBALLE

SE (locs 9a, 9¢, 12, 15a) and are unconformably
overlain by a brown, massive, quartz poor Baltic
till (locs 11, 12, 15) apparently without significant
amounts of re-deposited Quaternary foraminif-
era SE-(B2-0): The East Jylland Till (fig. 47).
Fabric measurements indicate ice movement
from the southeast (loc. 12).

phase was succeeded by the deformations caused
by the transgression of the East Jylland Icecap.
This ice-sheet is also responsible for the forma-
tion of the Malling-Odder ridges, the internal
structure of which indicate thrusting from the SE.
It must be emphasized, that the domination of in-
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dicator erratics from the Baltic Sea in beach grav-
els is most probably due to the presence of two
Baltic tills in the cliff sites south of Arhus, the Lil-
lebeelt Till and the East Jylland Till, thus erratics
do not originate exclusively from the East Jylland
Till as estimated by V. and K.Milthers.

CONCLUSION

The stratigraphy of area 1 (fig. 103) is character-
ized by four till units separated by waterlaid de-
posits: 1) The Lillebalt Till of Saalian age, 2) The
Kattegat Till of the Weichselian, 3) The Mid
Danish Till with associated glaciotectonic defor-
mations from the ENE and 4) The East Jylland
Till with associated movement from the SE. Re-
cessional advances from the East Jylland icecap
formed the NE-SW elongated hills of Jelshgj and
around Malling-Odder.

T g Ly : L
Fig. 47: Lillebzelt Till (L) overlain by outwash deposits (O) dis-
lecated from the NE. Unconformably overlain by the Mid Dan-
ish Till (M} and the East Jylland Till (E). Loc. 14, Kysing
Strand.
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5.2 AREA 2: SKANDERBORG-HORSENS
(locs 16-27, fig. 44) MORPHOLOGY AND
LOCATION

Area 2 lying between Horsens and Skanderborg
is bound to the west by the Gudena valley and the
Arhus valley to the north. The localities are situ-
ated in the high lying and hilly country along or
immediately beyond the East Jylland Ice border
line (locs 16, 17, 18, 19, 20, 24, 25, 26) or a few
km east of the ice border line (locs 21, 22, 23, 27).

PREVIOUS INVESTIGATIONS

The East Jylland Ice border line was described by
Harder (1908) and can in several areas be defined
by elongated ridges consisting of gravel-till (mor-
a@negrus) west of which proximal valley-sandur
deposits are found, and a Baltic till cover can be
mapped behind (east of) the ice border line.
Houmark-Nielsen (1983a) described the sedi-
mentary facies of ice marginal deposits west of
Horsens previously dealt with by Harder. The in-
dicator erratic counts presented by K.Milthers
(1942) are from gravel pits situated on or slightly
behind the East Jylland ice border. They show a
predominance of Dala- over Baltic erratics and
few Norwegian indicators; according to Milthers
these results are typical of the area covered by
the East Jylland icesheet. K.Milthers’ erratic
counts in the gravel pit of Stjer (loc. 27) are
dominated by Norwegian indicators and contain
restricted amounts of Baltic material, this is as-
sumed to be an admixture of the deposits of the
older Norwegian and the younger Dala-Baltic
ice-stream of the last glaciation. Kronborg (1983)
recognizes four till units at loc. 27 (Stjar): 1) an
Elsterian(?). sandy N-till lying unconformably
upon waterlaid deposits folded by ice pressure
from the north, 2) a clayey ENE-till of Saalian
age separated from the overlying 3) residual
gravel interpreted as a Weichselian till by water-
laid material and a glaciotectonic unconformity
indicating ice push from the NE. The residual till
is overlain by 4) a clayey SE-till deposited by the
East Jylland icesheet.
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STRATIGRAPHY

Symbolic logs of each locality are shown in fig.
48. The till units are correlated and pictured for
the whole area in the data chart fig. 49.

The oldest till unit found in area 2 (loc. 27, fig.
50) is a sandy, brown, massive Fennoscandian till
with equal amounts of quartz and flint and char-
acterized by Norwegian indicator erratics (Al):
The Trelde Naes Till. It overlies waterlaid mate-
rial with sedimentary structures indicating that
palacocurrents were directed towards the west
and north-west. At the same locality a thin sheet
of waterlaid material separates the Trelde Nas

Area 2: SKANDERBORG - HORSENS

Om——v—ﬁ—ﬂ—‘!
cl/si Sa Gravel Til

16.17,18: NIM - HVIRRING 19, 20: NIM MARK

=] RISBLE DRIFT Z] TROUGH CROSS-

; PALEQCURRENT
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Fig. 48: Simplified lighological logs, area 2, Skanderborg-Horsens.

Till from the overlying brownish, sandy to clayey,
limestone free till which has equal amounts of
quartz and flint (A): The Ashoved Till. The strat-
igraphic relationship between these tills and the
younger tills (except for the youngest) of the area
has not been observed, however, the model (fig.
43) predicts that the tills of loc. 27 are separated
by outwash deposits from the overlying grey,
clayey, massive, quartz poor, Baltic till (locs 17,
23, 25) which does not contain noteworthy
amounts of re-deposited Quaternary foraminif-
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era (B2-0): The Lillebalt Till. This till is overlain
by waterlaid sand and gravel, occasionally fining
upwards, deposited by north-westward moving
meltwater streams. At loc. 17 this outwash is
overlain by a sandy to clayey, brown, massive
Fennoscandian till, with low quartz content and
very few re-deposited Quaternary foraminifera
(B1-0): The Mid Danish Till. The glaciotectonic
deformation affecting the old, sandy tills at loc.
27, which indicate ice pressure from the NE, is
related to the glacier advance, which deposited
the Mid Danish Till. This till is overlain by water-
laid material deposited by generally westward

9&0’0 O AT
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moving meltwater streams. The waterlaid se-
quence and older deposits are folded by glacio-
tectonic deformation from the south and south-
east at the edge of the East Jylland Ice border
(locs 17, 18). The youngest till of area 2 is a
brown, clayey, banded and massive Baltic till
with fabrics indicating ice movement from the
southeast, SE-(B2): The East Jylland Till. The
waterlaid material at locs 19, 20, 24 are sandur
sediments deposited in front of the East Jylland
ice border.

24: TANING SE

23: BAYNEHO!

28: LEGARDSLYST

27: STJAR GRUSGRAY

26: USTRUP v. HYLKE
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DISCUSSION

As pointed out by Harder (1908) and K.Milthers
(1942) the surface till and youngest outwash de-
posits were deposited by the East Jylland ice and
characterized by Baltic clast material. Its petro-
graphic composition contrasts the subsurface ma-
terial, found in deep gravel pits, which is domi-
nated by Norwegian indicators (cf. loc. 27). It
seems however, that this deep lying material of
Norwegian provenance is older than the last gla-
ciation, even though it can only be indirectly veri-
fied, that the Norwegian clast material is older
than the Weichselian ice transgression from the
N. On the other hand, it can not be proved that
this material is older than the Saalian as claimed
by Kronborg (1983).

CONCLUSION

Five till units, separated by waterlaid deposits
generally deposited by westward moving palae-
ostreams, have been recognized in area 2 (fig.
105): 1) The Trelde Nas Till, 2) The Ashoved
Till, 3) The Lillebzelt Till, 4) The Mid Danish Till
and its associated glaciotectonic deformations
from the NE and 5) The East Jylland Till deposi-
ted as flow till along the ice margin and asso-
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ciated with glaciotectonic deformation indicating
ice deformation from the south and southeast.
The Baltic till deposited behind the East Jylland
Ice border shows fabrics indicating ice movement
from the SE.

5.3 AREA 3: NORRE SNEDE-OSTBIRK-RYE
(locs 28-37, fig. 44) MORPHOLOGY AND
LOCATION

Area 3, lying between Nerre Snede, @stbirk and
Rye, is bound to the west by the sandur plains
that begin at the Main Stationary Line, north-
ward by the Julsg-Arhus valley and eastward by
the Gudena valley. The examined localitics are
situated in an area characterized by NE-SW
trending valleys that dissect the young glacial
landscape between the Main Stationary Line and
the East Jylland Ice border line.

PREVIOUS INVESTIGATIONS

K.Milthers (1942) presents indicator erratic
counts from gravel pits and rocks collected in
fields, his results show a domination of Norwe-
gian indicators and restricted amounts of Baltic
rocks. Milthers regards this area as the extreem

Fig. 50: Trelde Nas Till (T) overlain by Ashoved Till (A) and covered by glaciofluvial material folded by ice-deformation from the
northeast and unconformably overlain by the East Jylland Till (E), loc. 27, Stjer.
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Fig. 51: Simplified lithological logs, area 3, Ngrre Snede-@stbirk-Rye.

westerly location where deposits from the Nor-
wegian and Dala-Baltic ice sheets are found
mixed. On morphological grounds V.Milthers
(1948) and Larsen et al. (1979) sketched a num-
ber of roughly N-S trending recessional ice bor-
der lines from the icesheet that reached the Main
Stationary Line.

STRATIGRAPHY

The symbolic logs of each locality are shown in
fig. 51. The till units are correlated and pictured
for the whole area in the data chart fig. 52.

The oldest till of this area was found at loc. 33:
Sender Vissing Sand. It is a very sandy, massive,
limestone free till with twice as much quartz as
flint (A) and with a pronounced content of Nor-
wegian indicator erratics: Sgnder Vissing Till. It
overlies Pleistocene, wateralid material, contain-
ing several horizons of large (5-50 cm) ventifacts,
which again overlies Tertiary quartz sand. The
Sender Vissing Till is separated from the over-

lying till by smears and lenses of outwash mate-
rial (fig. 106) or occasionally larger bodies of wa-
terlaid sand and gravel in which Norwegian in-
dicators are not uncommon. This material was
deposited by generally southward moving melt-
water streams (locs 28, 29, 32). The till overlying
the waterlaid material (loc. 29: fig. 53) is a
brown, sandy, banded, limestone free till with
equal amounts of quartz and flint and with a fab-
ric indicating ice movement from the north,
N-(A): The Trelde Nes Till. This till is overlain
by a meltwater sequence deposited by generally
northward moving streams. The sequence has
suffered from glaciotectonic folding from the
north-east (loc. 32) and it is overlain by a sandy,
massive, limestone free till with small amounts of
quartz and fabric indicating ice movement from
the northeast, NE-(B): The Mid Danish Till.
Data from localities (16, 17, 18) indicates that the
sandur deposits in the Gudena valley (locs 34, 36)
and from the sidevalleys to the east (loc. 35) were
deposited upon the Mid Danish Till.
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33: SDR. VISSING SAND

32: ADDIT SAVVARK

DISCUSSION

As mentioned in connection with area 2, the clast
material dominated by Norwegian indicators
(K.Milthers 1942) most probably does not orig-
inate from the last glaciation, but must be older.
The stratigraphical analyses from principal loc. 1
indicates that the N-till with an A composition,
Trelde Nzs Till, is of Saalian age. This is separ-
ated by Holsteinian deposits from the underlying
quartz rich, Palsgard Till. It is therefore highly
probable, that the Sgnder Vissing Till underlying
the Trelde Nas Till at Sgnder Vissing Sand is also
of Elsterian age however, with the same reser-
vations regarding a greater age as for the Pal-
sgird Till. Differences in other lithic characteris-
tics than quartz content prevents correlation be-
tween these two quartz rich tills. The waterlaid
sand and gravel deposits separating the Trelde
Nes Till and the Sgnder Vissing Till is thought to
be equivalent to the so-called “Norwegian”
gravel, which is assumed to be of early Saalian
age and has been described by V.Milthers (1939)
from the geological mapsheet lying immediately
west of area 3.

5 Pleistocene stratigraphy

34: VOERYADS BRO

35,36: OSTBIRK - GUDENA

37: JAYNGYDE

CONCLUSION

Three till units separated by outwash material
can be recognized in area 3 (fig. 105). The oldest
is the Sgnder Vissing Till with northerly clast pro-
venance probably of Elsterian age separated
from the overlying Trelde Nes Till by sand and
gravel with northerly clast provenance deposited
by southward moving meltwater streams. The
Trelde Nes Till with-fabric indicating ice move-
ment from the north is overlain by meltwater ma-
terial with northward moving palaeocurrents
overlain by the Mid Danish Till with fabric and
associated glaciotectonic deformation indicating
ice movement from the northeast. During the re-
cession of the NE-icesheet and the advance of the
East Jylland Ice cap meltwater material was de-
posited as valley sandurs in the Gudené valley
and adjoining valleys.
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Fig. 52: Glacial stratigraphic data chart, area 3, Ngrre Snede-@stbirk-Rye. Till units shown in fig. 43.



gl T

L2 SR gct 22 O
Fig. 53: Trelde Nws Till overlying waterlaid material, loc. 29,
Narre Snede. (Note in situ Oslo-erratic).

5.4 AREA 4: ENDELAVE-JUELSMINDE-
ODDER (loes 38-46, fig. 44) MORPHOLOGY
AND LOCATION

Area 4 lying east of Horsens between Odder-
Juelsminde and Endelave is characterized by
E-W lying elongate hills north of Horsens fjord
situated in a rather smooth landscape and cut by
the N-S trending Odder valley. The localities are
placed at coastal cliffs (locs 41, 42, 43. 44, 46) or
in gravel pits close to the Odder valley (locs 38,
39, 40, 45). The principal locality 2: Ashoved lies
in the southern part of the area.

67

PREVIOUS INVESTIGATIONS

V.Madsen (1900) suggests that two tills are pres-
ent in the area; an upper brown till of Baltic (and
Fennoscandian) provenance with an associated
Dala-Baltic indicator erratic association is found
over the whole of the mapsheet. The lower till ex-
posed in cliff sites is a blackish, Fennoscandian
till, the appearance of which is connected with
the presence of Norwegian indicator erratics.
Harder (1908) characterized the surface till of the
area as Baltic presumably deposited by the East
Jylland icesheet.

V.Milthers (1932) and K.Milthers (1942) indi-
cate, that the youngest till of the area is charac-
terized by Baltic indicators; whereas the subsur-
face deposits are dominated by Norwegian in-
dicators. The surface till is divided into two
facies. one dominated by Red Baltic quartzpor-
phyries north of the Horsens Fjord ice marginal
hills and another dominated by brown Baltic
quartzporphyries south and east of the hills. This
division indicates, in K.Milthers opinion, that the
Dala-Baltic dominated East Jylland ice was suc-
ceeded by a purely Baltic, Lillebalt glacier con-
fined to the coastal areas of East Jylland carrying
the brown Baltic quartz-porphyries.

A.Berthelsen (1949) also recognized the domi-
nance of Norwegian indicators in the subsurface
deposits and established the fact. that in the area
between the East Jylland Ice border west of
Horsens and the Lillebzlt coast the surface till
carries a rather homogeneous, Baltic indicator
association and that the division based on the
contents of different Baltic quartzporphyries as
described by K.Milthers no longer can be main-
tained.

STRATIGRAPHY

Simplified lithological logs from the individual lo-
calities are shown in fig. 54 and correlated for the
whole area in the glaciostratigraphic data chart
(fig. 55).

The oldest till of area 4 (excluding the principal
locality 2: Ashoved) is a brown, sandy to clayey.
banded and massive. Fennoscandian till (locs 39,
45) with equal amounts of quartz and flint (Al):
The Ashoved Till, at the base of which glaciotec-
tonic unconformities (loc. 45) indicate folding
and thrusting north-castern directions (fig. 56) af-
fecting the underlying waterlaid material which is
characterized by Norwegian indicators.
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Fig. 54: Simplified lithological logs, area 4, Endelave-Juelsminde-Oder.

overlain by fine grained outwash, deposited by
westward moving palaeocurrents, (loc. 40) or ob-
served in direct contact with the overlying brown
to grey, clayey, massive and banded, quartz
poor, Fennoscandian till (locs 44, 46). This till
also occasionally contains an X-foraminiferal ac-
cumulation and has a fabric (loc. 42) which indi-
cate ice flow from the northeast, NE-(B1-X): The
Mid Danish Till. A lower member of the Mid
Danish Till is separated from an younger subunit
(B1) by sandy outwash and glaciotectonic uncon-
formities which indicate ice deformation from the
NE (loc. 44). The Mid Danish Till is separated
from the overlying till by sand and gravel deposi-
ted by west and south-westward directed melt-
Any direct relationship between the Ashoved
Till and younger tills of the area has not been ob-
served, but according to the stratigraphical model
and observations from localities in the adjoining
area (5) the Ashoved Till is separated by water-
laid material from the overlying till. This till is
grey, clayey, mostly massive, quartz poor, of Bal-
tic provenance (locs 40, 44, 46) and with insig-
nificant amounts of re-deposited Quaternary for-
aminifera (B2-0): The Lillebzlt Till. It is either
water streams (locs 38, 39, 43, 44). At the base of
the overlying till glaciotectonic unconformities

indicate ice deformation from the southeast (loc.
41). Additional ice pushed structures also indica-
ting ice deformation from the SE are observed at
locs 39, 40, 45. The youngest till, is at Endelave
(loc. 46) separated from the Mid Danish Till by a
blurred boulder pavement with glacial striations,
which trend in NW-SE oriented directions (fig.
57). The youngest till is brown, mostly massive,
quartz poor and Baltic containing fabrics which
indicate ice movement from the southeast,
SE-(B2): The East Jylland Till. At several lo-
calities this till is overlain by sandy outwash.
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DISCUSSION .

From the indicator erratic counts published by
Madsen (1899), Madsen et al. (1928), K.Milthers
(1942) and Berthelsen (1949) it must be argued,
that the content of Norwegian indicators in sub-
surface deposits most probably originate from the
Trelde Nzs Till or the waterlaid outwash deposi-
“ted in connection with this early Saalian till. This
implies, that the maximum extension of the

Weichselian ice-sheet, which deposited the Ka-

ttegat till from northerly directions, must be
found north of the localities of area 4 and 5 where
Norwegian clast material of supposed Saalian age
constitute the subsurface deposits.. i

43: DYSBJERG 44: PYT STRAND - JENSGAR!)

46: ENDELAVE

45: ASTRUP

CONCLUSION

Including the data from the principal locality 2:
Ashoved six till units separated by outwash, de-
posited from southward and westward moving
meltwater streams, are present in area 4 (fig.
105).

_ The oldest till is the Palsgard Till which is pre-
sumed to be of Elsterian age and is separated
from the older Saalian Trelde Nzs Till by out-
wash deposits and glaciotectonic unconformities
which indicate ice deformation from the north.
The Trelde Nzs Till with fabrics indicating ice -
flow from the north is succeeded by the Ashoved
Till with- associated glaciotectonic deformation
and_fabrics indicating ice movement from the
NE. The Lillebalt Till constitutes the till deposi-
ted by the final Saalian ice advance from the Bal-
tic region and it is overlain by the Mid Danish Till
(Weichselian) which contains fabrics indicating
ice movement from the NE. A recessional ad-
vance of the ice-sheet which deposited the Mid
Danish Till gave rise to glaciotectonic disturb-
ances from the NE in the coastal areas and depos-
ited an upper subunit of the Mid Danish Till. The
East Jylland Till represents the youngest ice ad-
vance in the area with fabrics and associated gla-
ciotectonic deformations indicating ice move-
ment from the SE.
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Fig. 55: Glacial stratigraphic data chart, area 4, Endelave-Juelsminde-Odder. Till units shown in fig. 43.
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Fig. 56: Lower waterlaid deposits rich in Oslo erratics dislocated from the NE and unconformably overlain by the Ashoved Till (partly
removed), loc. 45, Astrup.
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Fig. 57: Glacial striations nght on boulder pavement left separating the Mid Danish Till (M) and the East Jylland Till (E)
(a banded and massive subunit is overlain by a massive subunit) loc, 46, Endelave.
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5.5 AREA 5: VEJLE FIORD NORTH (ldcs
47-56, fig. 44) MORPHOLOGY AND
LOCATION

Area 5 is situated in the strip of land between the
southern part of the East Jylland Ice border line
at Hedensted and Juelsminde at the mouth of the
Vejle fjord. Most of the localities are placed at
coastal cliff sites on the Vejle Fjord coast (51, 52,
53, 54, 55, 56), the remainder are gravel pits be-
tween the coast and the East Jylland Ice border
line (47, 48, 49, 50).

PREVIOUS INVESTIGATIONS )

Harder (1908) studied the ice marginal deposits
at Remmerslund by Hedensted on the southern
edge of the East Jylland Ice border line north of
Vejle. V.Milthers (1932) and K.Milthers (1942)
conclude in accordance with Harder, that the till
cover of the area east of the East Jylland Ice bor-
der line is dominated by Baltic indicators. They
also conclude, that the subsurface deposits are
characterized by Norwegian indicators, which in

Om- .
cl/s; Sa Gravel Tl

48, 49: RODE MOLLE - ORUM

47: REMMERSLUND

: ,f " PALEOCURRENT
. OIRECTION

Fig. 58: Simplified lithological logs, area 5, Vejle Fjord North. -

K.Milthers’ opinion, have been deposited either
by a late Saalian or early Weichselian advance.
V.Nordmann (1958) sketched a SW-NE trending
recessional ice border line behind the East Jyl-
land Ice border and indicates, that on the basis of
stone counts individual till beds can be recog-
nized. These stone counts have however not been
published. Nordmann does point out however,
that it cannot be concluded whether the individ-
ual till beds have been deposited by one and the
same ice-sheet or whether they have been laid
down during several glaciations. _
STRATIGRAPHY

Symbolic logs of each locality are shown in fig.
58, and complete lithologies are shown and corre-
lated in the glac1al stratigraphic data chart (fig.
59).

The oldest till found at the examined locahtles
(loc. 52) is a dark brown, sandy, banded, Fen-
noscandian till (fig. 60) with equal amounts of
quartz and flint and with a fabric indicating ice
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movement from the northeast, NE-(A1): The
Ashoved THI. This till is separated from under-
lying Tertiary sand by meltwater sand and gravel.
The Ashoved Till is often separated by outwash
material from the overlying grey, clayey, mostly
massive, quartz poor, Baltic till (locs 50, 51, 52,
53, 54, 55, 56). This till contains insignificant
amounts of re-deposited Quaternary foraminif-
era and shows fabrics indicating ice movement
from an east-south-easterly direction, ESE-(B2-
0): The Lillebelt Till. This till can be divided into
several sub-facies. Apart from the general atti-
tude of the till outlined above, a lower sub-facies
is characterized by a Fennoscandian clast proven-
ance and another, apparently upper sub-facies is

=004
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extremely rich in Cretaceous/Tertiary limestone.
The Lillebzlt Till and associated outwash, depos-
ited on the surface of the till by westward moving
meltwater streams (locs 51, 53, 55) has been
folded and thrusted from north-easterly direc-
tions (fig. 61). These deposits are unconformably
overlain by generally coarse grained, current
bedded and imbricated outwash material, with a
tendency to fine upwards and deposited by gener-
ally north-westward flowing meltwater streams
(locs 48, 49, 50, 55). East of the East Jylland Ice
border line this waterlaid sequence is overlain by
a banded and massive, brown, clayey, quartz
poor, Baltic till (fig. 62) containing insignificant
quantities of re-deposited Quaternary foraminif-

T N

52: RHODEN STRAND - 53: TRASKOHAGE 54: ARUSE

56: KLAKRING STRAND

55: STAXSRODE STRAND
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Fig. 59: Glacial stratigraphic data chart, area 5, Vejle Fjord North. Till units shown in fig. 43.
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Fig. 60: Banded Ashoved Till (A) overlain by the massive Lille-
heelt Till (L), loc. 52, Rhoden Strand.

water deposits (P), loc. 55, Starksrode Strand.
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era and with fabrics (locs 48, 56) which indicate
ice movement from the eastsoutheast, ESE-(B1-
0): The East Jylland Till. In proximal outwash
deposits (loc. 47) which lie on the East Jylland
Ice border line, the East Jylland Till appears as
tongues and lenses of flow till overlain by water-
laid material fining upwards.

DISCUSSION

The indicator erratic counts presented by
K.Milthers (1942) indicate, that the subsurface
deposits are dominated by Norwegian indicators
in the eastern part of the area. As previously
mentioned these counts were made in beach
gravels adjacent to coastal cliffs which presum-
ably contain older till material. Further west (be-
tween locs 54 and 55) counts suggest the presence
of deep lying Baltic sources along with the Nor-
wegian indicators, this is however, not taken into
consideration by K.Milthers. It seems highly
probable. that a large portion of the Baltic contri-
bution to Milthers’ counts originates from the
Baltic, Lillebalt Till.

The Fennoscandian. lower sub-unit of this till
(loc. 52) is not interpreted as the result of an in-
dependent ice stream, but merely due to local in-
corporation of older till material situated beneath
the glacier, which deposited the Lillebzlt Till.
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The calcium carbonate rich sub-facies has prob-
ably originated from large rafts of chalk picked
up in the eastern part of the country, which grad-
ually disintegrated into smaller clasts during gla-
cial transport.

The Mid Danish Till has not been found in the
investigated localities of area 5. The glacialtec-
tonic unconformities, which affect the Lillebalt
Till, and indicate ice pressure from the NE are,
however, most probably associated with the ice
sheet which deposited the Mid Danish Till.

T et

Fig. 62: Partly removed East Jylland Till (E) overlying outwash
deposits, loc, 48, Rade Mglle.

Area 6° VEJLE -JELLING - GIVE

CONCLUSION

The oldest till observed in area S (fig. 105) is the
Ashoved Till deposited by an ice stream from the
northeast and separated from the overlying Lille-
belt Till by outwash deposits. The Lillebzlt Till
was deposited by an ice stream from the ESE.
Gilacialtectonic unconformaties affecting this till
and the overlying fine grained outwash, which
was deposited by northwestward flowing melt-
water streams, indicate transgression during the
Weichselian of an ice sheet from the NE. This ice
stream was succeeded by north-westward flowing
outwash and is overlain by the youngest till, de-
posited from the ESE by the East Jylland Ice-
sheet.
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Fig, 63: Simplificd lithological logs, area 6, Vejle-Jelling -Give.




5.6 AREA 6: VEJLE-JELLING-GIVE (locs
57-65, fig. 44) MORPHOLOGY AND
LOCATION

Atrea 6 lies in a triangle between the Main Sta-
tionary Line and the East Jylland Ice border line
northwest of Vejle. The landscape is composed of
roughly N-S oriented ice marginal hills which in
the west lie on a rather plane surface dissected by
generally E-W oriented valleys, that are partly
filled with sandur deposits. The localities (all
gravel pits) are placed in the ice marginal hills to
the west (57, 58, 59, 60, 61), the intermediate
area west of Vejle (62, 63, 64) and just south of
the East Jylland Ice border line east of Vejle (65).

PREVIQUS INVESTIGATIONS

On the basis of morphological features V.Milth-
ers (1925) and Nordmann (1927) extended the
East Jylland Ice border line described by Harder
(1908), from the Hedensted area in an arch
shaped lobe north and west of Jelling. In contrast
to Harders (1908) works Milthers and Nordmann

61: HOLMOSEGARD - TYREGOD 62: ALSTED MOLLE

did not find the Baltic indicator association, de-
scribed as characteristic of the land covered by
the East Jylland Icesheet in the area west and
north of Vejle (Harder 1908). V.Milthers (1925,
1932, 1948) ascribes the reduced quantity of Bal-
tic indicators to strong incorporation of older
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- Norwegian and Dala erratic material. He sug-

gests further that the western limit of the East
Jylland Ice border should be drawn along the
marked N-S trending line separating the young
glacial landscape in the east from the old glacial
landscape in the west. According to V.Milthers
(1932), this border line also defines the division
between the area towards the west characterized
by large quantities of Scanian basalt erratics in
the surface deposits and the Norwegian-Dala er-
ratic dominated area to the east.

K.Milthers (1942) referring mainly to earlier
counts by V.Milthers, acknowledges the lack of
Baltic indicators in the area west of Hedensted.
Even so, K.Milthers chose the same outline for
the East Jylland Ice border line as that previously
drawn by V.Milthers and Nordmann.

Nordmann (1958) sketches recessional posi-
tions of the East Jylland Ice border line immedi-
ately west of Vejle, and associated one reces-
sional state with the deposition of sandy and silty
clay in ice damed lake basins in the valleys 3-5 km
north and west of Vejle.

64: GREJSDAL 65: ASSENDRUP
STRATIGRAPHY

The symbolic logs of each locality are shown in
fig. 63. The till units are correlated and pictured
on for the whole area in the data chart fig. 64.
The oldest till found in area 6 (loc. 64) is a
grey, clayey and sandy, mostly massive, Fennos-
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Fig. 64: Glacial stratigraphic data chart, area 6, Vejle -Jelling-Give. Till units shown in fig. 43.
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candian till containing equal amounts of quartz
and flint with a fabric indicating ice movement
from the north, N-(Al): The Trelde Nas Till.
The till overlies meltwater clay and sand, which is
separated from the underlying Tertiary quartz
sand by a distinct horizon of ventifacted gravel
and boulders. The Trelde Nas Till is not found
overlain by the younger Ashoved Till, however,
this till seems to be present in the western part of
the area (locs 57, 61) where it overlies a waterlaid
sequence which has a tendency to fine upwards
and was deposited by south-westward flowing
palacocurrents. The sequence has been subjected
to glaciotectonic folding (loc. 57) from the north-
east, and is unconformably overlain by a sandy to
clayey, brown, banded, limestone free till. This
till contains equal amounts of quartz and flint,
and was presumably deposited by the ice shect
responsible for the dislocation of the underlying
strata from the northeast, NE-(A): The Ashoved
Till. According to the stratigraphic model and
evidence from other areas (cf. arca 5) the Ash-
oved Till is separated by waterlaid deposits from
the overlying grey, clayey, massive, Baltic till.
This till contains small amounts of quartz and
hardly any re-deposited Quaternary foraminif-
era, (B2-0): The Lillebelt Till, which is present at
locs 64 and 65. This till and the overlying prox-
imal outwash deposits have been subjected to
glaciotectonic disturbances [rom north easterly
directions (locs 60, 61, 64). The sequence is un-
conformably overlain by a brown, massive,
clayey limestone free, quartz poor till (fig. 65)
with fabrics indicating ice flow from the north
east, and is found at locs 58, 59, 60, 62, 63,
NE-(B): The Mid Danish Till.

The Mid Danish Till or glaciotectonic uncon-
formities associated with the deposition of this till
is, are at some localities in the west, covered by
proximal outwash or laminated sandy and silty
clay which was deposited in the ice dammed lakes
north of Vejle (locs 63, 64) described by Nor-
dmann (1958). At loc. 64: Grejsdal north of
Vejle, the laminated clay is overlain by a brown,
massive, quartz poor, limestone free till which is
also present at loc. 65. This till is supposed to be
the East Jylland Till, however no lime bearing
surface-till has been found in the area around the
Grejsdal and west of Hedensted, thus the Baltic
provenance of the till can not be demonstrated by
stonecounts.
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DISCUSSION

Unfortunately the lower part of the stratigraphic
column can not be established from evidence of
area 6 only. The presence of the Ashoved Till in
the area is founded upon the quartz/flint rela-
tionship alone. thus being younger than the fining
upwards sequence beneath the till (at loc. 57) and
ascribing the glaciotectonic unconformity which
indicates ice pressure from the NE, to the ice-
sheet which deposited the Ashoved Till. It could
be argued, that the Ashoved Till assumed to be
present in the western part of the area is in fact a
subfacies of the Mid Danish Till with an extreme
enrichment in quartz content. This means, that
the waterlaid sequence beneath the till could be
considerably younger. However, if a consistent
line of reasoning is to be maintained, tills with
equal amounts of quartz and flint which are pre-
sumably deposited by an icesheet from the NE,
must correspond to the Ashoved Till.

With regard to the East Jylland Ice border line,
it is the opinion of the present author, that the ar-
guments held by V.Milthers (1925, 1932, 1948),
K.Milthers (1942) and Nordmann (1927, 1958) in
favour of extending this ice advance to the area
north and west of Jelling have little validity. The
area between the East Jylland Ice border and the
Main Stationary Line is characterized by the in-
dicator erratic association described from area 6
(Norwegian and Dala) and the strong imprint of

Fig. 65: Mid Danish Till overlying proximal outwash deposits,
loc. 59, Gronbjerg.
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Baltic indicators, which characterized the hinter-
land of the East Jylland Ice border line between.
Djursland and the Danish-German border is not
demonstrated in the area west and north of Vejle.
Moreover, V.Milthers’ (1948, p. 134) definition
of the East Jylland Ice border line in the area
west of Vejle and Kolding as the dividing line be-
tween the two main morphological regions of Jyl-
land will much better fit the definition of the
Main Stationary Line.

Regarding the Scanian basalts dominating the
surface erratics west of the ice border line, it will
later be argued, that their presence is dependent
upon the exposure of a Baltic (presumably the
Lillebalt-) Till, and not, as argued by V.Milthers
(1925), as a characteristic component of the ice-
sheet which deposited the Dala-Baltic till during
the maximum extension of the last glaciation.

It is therefore suggested, that the western limit
of the East Jylland Icesheet is tentatively drawn
immediately north and west of Vejle, thus con-
stituting the eastern border of the ice damed lake
deposits, which filled the Vejle A valley, and the
valleys on the plateau west of Grejsdalen.

Area 7:RANDS - FREDERICIA - FAND
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CONCLUSION

The three Saalian tills: The Trelde Nes Till, the
Ashoved Till, and the Lillebelt Till are present in
the deeper lying glacial deposits of area 6 (fig.
105). The surface is dominated by the Mid Dan-
ish Till except for the eastern-most part, where
the East Jylland Till presumably has its maximum
extension east of the ice damed lakes north and
west of Vejle. Sandur deposits from the retreat of
the ice which reached the Main Stationary Line
are present in the valleys between the ice-mar-
ginal hills in the western part of the area.

5.7 AREA 7: RANDS-FREDERICIA-FAENQ
(locs 66-74, fig. 44) MORPHOLOGY AND
LOCATION

Area 7 is situated around the Frederlcla penin-
sula and westernmost Fyn. The morphology of
the area is characterized by an elevated till plane -
cut by two valleys, 1) The Elbo valley and 2) the
most narrow part of the straights of Lillebzlt.

68: FREDERICIAN 69: TRELDE NAS SE

" GLACIOTECTONIC ICE FLOW DIRECTION
! UNCONFORMATY . {TILL FABRIC
RANGE OF DEFORMATION ANALYSES) -

7] MASSIVE CLAYEY TILL
ﬁ SAMPLE NUMBER TERTIARY
TABULAR CROSS- IMBRICATION 1 sanDY BANDED TILL DEPOSITS

A: QUARTZ RICH  B:QUARTZ POOR
1 FENNOSCANDIAN : C

BALTI
0,X,Y,Z: REDEP, QUART. FORAMINIF .

-Fig. 66: Simplified lithological logs, area 7, Rands -Fredericia-Feng.



The localities are situated inland in gravel pits
and construction sites (locs 66, 67, 68) and along
coastal cliffs of Lillebzlt (69, 70, 71, 72, 73, 74).
Area 7 also contains two principal localities, 1:
Trelde Naes and 3: Rogle Klint.

PREVIOUS INVESTIGATIONS

V.Nordmann (1927) proposes, on morphological
grounds, recessional lines from the East Jylland
Ice-sheet that go along the E-W oriented so
called Taulov moraine and the N-S oriented Rg-
gle peninsula. Madsen et al. (1928) suggests, that
the Taulov moraines mark the northernmost posi-
tion of a glacier which has advanced through Lil-
lebzlt, and is ascribed to the (Lillebalt-) ice mar-
ginal stage E: the Balt stage (fig. 3), which is an
independent ice stream younger than the East
Jylland Ice.
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V.Milthers (1932, 1948) connects the Taulov
line and the Rggle line across the Middelfart pen-
insula and further northwards over Trelde Nas to
the recessional lines north of Vejle fjord.
K.Milthers (1942) presents very few indicator
counts from this area. One count in beach gravel
on the SE coast of Trelde Neas, with about equal
amounts of the three indicator types (Norwegian,
Dala, Baltic), is ascribed to the Dala-Baltic ice -
stream of the last glaciation. Two counts from
fields contain a pronounced domination of Baltic
indicators and are ascribed to the Young Baltic
phase of the last glaciation.

Nordmann (1958) describes the presence of in-
terglacial fresh water diatomite in several places
in the area (Rands Vejlby, Trelde, Fredericia and
Vejle), but he gives no indication of the possible
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age of these deposits. S.Th. Andersen (1965)
shows, on the basis of palynological analyses,
that the diatomite of Rands Vejlby and possibly
also the other neighbouring sites is of Holsteinian
age. A floe of Marine Eemian clay is reported
from the area of Strib NE of Middelfart (Nor-
dmann 1958).

Referring to the stone counts presented by
Madsen et al. (1928) and Madsen and Nordmann
(1940), Nordmann (1958) questions the assumed
stratigraphic position of the Tellina Clay of Rggle
Klint, and with the same reference Nordmann
opposed the publication of stone counts from the
mapsheet: Fredericia (Nordmann 1958), even
though he stated, that tills of different clast com-
position are present in the area.

STRATIGRAPHY

Lithological logs from the examined localities of
area 7 are shown in fig. 66 and are correlated for
the whole area in the glacial stratigraphic data
chart (fig. 67). The principal localities Trelde Nes
and Rggle Klint are not included but they will be
considered later.

The oldest till of the area is separated from
Tertiary sand by waterlaid outwash, deposited by
south-westward moving palaeocurrents. It is a
grey, sandy to clayey, massive and banded, Baltic
till with about twice as much quartz as flint and it
contains insignificant amounts of re-deposited
Quaternary foraminifera. This till of A2-0 com-
position is in the whole of the region only ob-
served at loc. 70: Snoghgj, because of which it is
named the Snoghgj Till.

The Snoghgj Till is overlain (loc. 70) by a mas-
sive and banded, grey, sandy, Fennoscandian till
containing roughly equal amounts of quartz and
flint with fabrics indicating ice flow from the
north, N-(A1): The Trelde Nezs Till. Waterlaid
outwash (loc. 70) separates it from the overlying,
brown, sandy, banded and massive, Fennoscan-
dian till showing equal amounts of quartz and
flint, hardly any re-deposited Quaternary forami-
nifera (locs 72, 74) and with a fabric indicating ice
movement from the northeast, NE-(A1-0): The
Ashoved Till.

It can be deduced from the stratigraphy of the’

principal locality 3: Ragle Klint that the Ashoved

Till is in turn overlain by the Lillebalt Till, which
is present as a grey, massive, clayey, quartz poor,
Baltic till with insignificant amounts of re-deposi-
ted Quaternary foraminifera, (B2-0) at locs 68
and 69, where it overlies mostly fine grained out-
wash, deposited by westward moving palaeocur-
rents.

The Lillebzlt Till and the overlying proximal
outwash deposits are thrusted by glaciotectonic
deformation from the NE (locs 68, 69) by an ice
sheet, which most probably deposited the brown
to grey, clayey, massive, quartz poor, Fennoscan-
dian till (locs 71, 73, 74) holding a few re-deposi-
ted Quaternary foraminifera and with fabrics
(locs 73, 74) indicating ice flow from the north-
east, NE-(B2-0): The Mid Danish Till. It is over-
lain by sand and gravel, deposited by westward
moving meltwater streams, which have under-
gone glaciotectonic deformation from the south
and south-east. The sequence (fig. 68) is uncon-
formably overlain by a brown, clayey, massive,
quartz poor, Baltic till with fabrics indicating ice
flow from the south (loc. 74) and the south-east
(locs 66, 68), SSE-(B2): The East Jylland Till. A
flow-till subunit of this till has also been sub-
jected to the glaciotectonic deformations from
southerly directions (loc. 71).

DISCUSSION
The present investigation has not been able to
confirm the existence or the course of the ice bor-
der lines drawn on morphological grounds by
V.Milthers and Nordmann. The Regle peninsula
and Trelde Nes do not appear as a young ice mar-
ginal zone, in fact, it is highly probable, that the
dislocation from north-easterly directions in
these coastal cliffs is connected with advancive or
readvancive stages of the ice sheet, which deposi-
ted the Mid Danish Till. Judging from topo-
graphic features, the whole of the area does not
seem to present any young ice marginal features
(except perhaps for a few km of the Taulov
ridge), on the contrary, the morphology can be
characterized as a very gentle or flat till plain dis-
ected by pronounced valleys the deepest of which
have been transgressed by the sea; Lillebelt.
On the basis of stratigraphic position and clast
petrographic content the Snoghgj till is conside-
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red to be of pre-Saalian age most probably El-
sterian, but the Baltic provenance prevents it
from being correlated with the other two as-
sumed Elsterian tills (Palsgard till and S¢nder
Vissing till). Even though the stratigraphic posi-
tion of the three tills is unknown, it is proposed,
that they represent Elsterian tills of much wider
distribution deposited by a Norwegian advance, a
NE advance and a Baltic advance respectively,
and possibly in this order of appearance.

CONCLUSION

When data from the principal localities 1: Trelde
Nas and 3: Rggle Klint is included. 6 till units
have been identified (fig. 105). These till units
are not only separated by outwash, deposited by
generally westward moving meltwater streams;
but also by interglacial and/or interstadial depos-
its.

A Baltic, probably Elsterian till (the Snoghej
Till) is separated by outwash material and Hol-
steinian lake deposits from the overlying. Saa-
lian, Trelde Neas Till deposited from the north,
This is succeeded by an ice advance from the
northeast, which deposited the Ashoved Till. The
deposition of the Lillebzlt till marks the final ice
advance of the Saalian and the till is separated
from the Weichselian Mid Danish Till by outwash

area 8¢ EGTVED -VEJLE

A
clf; Sa  Gravel Till

76 VERST

75: KRAGELUND v. BEKKE

MEASURED DIRECTION OF
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A: QUARTZ RICH  B:QUARTZ POOR
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DIRECTION 0.X,Y,I: REDEP, QUART. FORAMINIF.

Fig. 69: Simplified lithological logs, arca 8, Egtved-Vejle.
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™ GLACIOTECTONIC ICE FLOW DIRECTION
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PLANE B=Co/] TABULAR CROSS- IMBRICATION ["] SANDY BANDED TILL DEPOSITS

deposits containing re-deposited marine mollus-
can fragments of Eemian derivation and glacio-
tectonic unconformities indicating ice deforma-
tion from the NE. The Mid Danish Till is overlain

by the East Jylland Till which was deposited by
an ice stream from the south-south-east.

Fig. 68: Mid Danish Till (M) overlain by outwash deposits un-
conformably overlain by the East Jylland Till (E). loc. 74,
Fano.

78 BOLLING SKANSE




5.8 AREA 8: EGTVED-VEILE (locs 75-86,

fig. 44). MORPHOLOGY AND LOCATION
Area 8 is situated southwest of Vejle, north of
Kolding A-valley and east of the Main Stationary
Line. Localities are gravel pits placed in valley
sandur deposits (locs 75, 76), in ice marginal hills
(locs 77, 78, 86) or in the more gentle country
(locs 79, 80, 81, 82, 83, 84, 85) disected by the
Vejle A valley and the Egtved-Kolding valley.

PREVIOUS INVESTIGATIONS
Nordmann (1927, 1958) describes the ice mar-
ginal hills south-west of Vejle, and connects this

presumed recessional stage of the East Jylland ice

sheet with the marginal lines east of the ice
damed lake deposits at Vejle.

V.Milthers (1925, 1932, 1948) and K.Milthers
(1942) suggest, that the north-south trending ice
marginal line- through Egtved, separating the
area into the two main morphological regions of
Jylland (see also area 6); divides an older part
characterized by numerous Scanian basalts in the

T ——— . —|-\T1-§—; -_lz ._.

79.80: ODSTED - VINGSTED 81: NR. VILSTRUP

surface deposits towards the west, and a younger
part characterized by an indicator association
dominated by Norwegian 'and Dala rocks and
little Baltic material towards the east. This divid-
ing line is presented (V.Milthers 1925) as the
younger among several recessional stages from
the Main Stationary Line, and the line is esti-

82.83: VIUF - V. NEBEL
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mated to be the continuation of the East Jylland
Ice border going from Hedensted north and west
of Vejle and Jelling southward through Egtved to
a position west of Lunderskov. Except for a few
places where an apparently lower; Baltic till is
present, the surface till can according to V.Milth-
ers’ (1925) stone counts be characterized as Fen-
noscandian in clast composition.

STRATIGRAPHY

Symbolic logs of each locality of the area are
shown in fig. 69 and a correlation for the area
based on the stratigraphic model is presented in
the data chart (fig. 70). The oldest till of area 8 is
a brown, sandy, massive, limestone free till with
equal amounts of quartz and flint, which is equiv-
alent to the Ashoved Till (loc. 78). It is overlain
by proximal outwash material, deposited by west-
ward moving meltwater streams. This sequence is
dislocated from easterly directions (loc. 78) and
overlain (locs 77, 79, 80, 81, 82) by a brown to
grey, clayey, quartz poor, Fennoscandian till also

Hisomdee
e e5aR0

86: HOJEN

84, 85: LILBALLE - ALMIND

present at loc. 86 and with fabric indicating ice
flow from and east-north-easterly direction,
ENE-(B1): The Mid Danish Till. This till is divis-
ible into two subunits separated by proximatl out-
wash which shows westward directed palacocur-
rents (loc. 86). The upper subunit of the Mid
Danish Till is overlain by outwash material with a



Area 8: EGTVED-VEJLE

G050 000

Szau,,t,,-y.:;po,s-
-ﬁbn):ﬁ&.\%‘.". S
I £y 5
i TR
[ r=crvwrer-esryeas
ey Zaptotars
222N

07120406080!00?20 -

i Sl seawseio s
Kineto. Litholo Compo~ ?latcxal. 7 lell)l—' ] Till Exotic Fine gravel
strati- ology sitional ectonics — abnc stonet- -
graphic groups - counts
units Sample
BASAL-AN
i A:QuARTZ THRUSTFAULT - ESTIMATED OIRECTION | F57] SANDY | NON CAICEROUS ROCKS  LIMEST,
S %0 Ol rowTiL B'Q,S:RTZ FOLDAKIS (MEASURED) | OF ICE FLOW BANDED
i GLaC. TECTON | & Soon FOLDAXIS (CONSTRUCT)l- A s ST CLAvEY = o
b — p . [ =
[P0 250 p NUNCINFORM ESTIM. DIRECTION dsanoy (N 2 2 & BR
5 IMBRICATION | 1: FENNO- OF ICE PRESSURE % bw I %038
2222 | TABULAR CROSS BEDD. | SCANDIAN N CRISTAL- SANDSTONE | 3 5 X2 5 ZauWz
> =~ TROUGH CROSS BEDDING | 2: BALTIC LINE 0 . OI » TNz
MASSIVE Rocks
|, MASSIVE pyrpE— 7 5%, | <15 QUART FORAMINIFERA PR.100g O
[k PLANAR BEODING ALEOCURRENT DIRECT SKERUMHEDE FORAM. ACCUMUL. | X
= umhir?o:« ~% LOCAL NUMBER 507«:,,A|_;\EmI o| sourH omisHeEmiAN —r— [y
\M- & REGIONAL WULFF NET EGUAL AREA PRO,. || OF COUNTS  LIMESTONE | HOLSTEINIAN ACCUMULATION  |ZI

Fig. 70: Glacial stratigraphic data chart, area 8, Egtved -Vejle. Till units shown in fig. 43.

tendency to fine upwards (loc. 86). This is also
present at locs 79, 80, 82, 83, 84, 85 where it was
deposited by westward moving meltwater
streams. The sequence has suffered glaciotec-
tonic folding and thrusting from east-north-east-
erly directions and is overlain by limestone free
flow till deposits (loc. 85). These deposits contain
Baltic indicators and other rock fragments of Bal-
tic derivation which suggests correlation with the
East Jylland Till.

DISCUSSION

Referring to the description of area 6, it is highly
improbable, that the north-south lying reces-
sional ice border through Egtved was formed by
the East Jylland ice stream. The indicator counts
presented by V.Milthers (1925, 1932) and K.
Milthers (1942) and Berthelsen (1949) indicate,
that the surface deposits of the area covered by
the till of the East Jylland Icesheet are character-
ized by considerable quantities of Baltic indica-



tors, much more than were found in the area be-
hind the division line described by V.Milthers
(1925) and Nordmann (1927). Only the coastal
areas east of Hedensted, Vejle and Kolding have
a Baltic indicator content as high as the area to
the east of the East Jylland Iceborder line around
Arhus and Horsens.

It is therefore suggested, that the East Jylland
Ice border line should be extended southwards
from a position between Vejle and the ice damed
lake deposits west of the city, through the ice
marginal hills at Hgjen (loc. 86), where the lower
and the upper subunits of the Mid Danish Till are
dislocated from the ENE, towards the area im-
mediately west of Kolding.

Unfortunately it has not been possible to out-
line the position of the Main Stationary Line in
the area. It is assumed, however, that it could be
placed somewhere between locs 75, 76 (east of
Bakke) and west of loc. 72 (Egtved), because, as
shall be argued later, it is the opinion of the pres-
ent author that the occurrence of the Scanian ba-
salts in the area is not connected with the ice
sheet which reached the Main Stationary Line,
but is probably associated with an older Baltic ice
stream from easterly directions.

CONCLUSION

Three till units have been identified in area 8 (fig.
96). The oldest is presumably the Ashoved Till
overlain by outwash, deposited by westward
flowing meltwater streams emerging from the ice
sheet, which reached the Main Stationary Line
and deposited the Mid Danish Till. A readvance
of the ice sheet which deposited the Mid Danish
Till reached the area slightly west of Vejle depos-
iting the upper subunit of the Mid Danish Till.
Meltwater deposits which overlie the Mid Danish
Till, and show westward directed palaeocurrent
patterns have also been subjected to the stacking
of thrust slices by the East Jylland Icesheet form-
ing the ice marginal hills south of Vejle.
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5.9 AREA 9: LUNDERSKOV-KOLDING-
HEJLS (locs 87-97, fig. 44). MORPHOLOGY
AND LOCATION

The localities in area 9 are situated in the country
around Kolding A valley, its eastern continuation
in the Kolding Fjord, and the coastal areas
around the ice marginal hills of Skamlin-
gsbanken. The landscape is dominated by the
pronounced valleys around Kolding and Hejl-
sminde, cutting through a rather smooth till plain
upon which several ice marginal ridges are pres-
ent.

PREVIOUS INVESTIGATIONS

V.Milthers (1925) extends the ice border lines de-
scribed in connection with area 8 southward.
Milthers suggests that the area between Brgrup
and west of Lunderskov, which is characterized
by the presence of Scanian basalts, has a till cover
deposited during the maximum extension of the
last glaciation. It is also suggested that the area
towards the east which is characterized by a Dala-
Baltic indicator association with strong mixing of
older Norwegian material, is covered with till ma-
terial belonging to the East Jylland Ice advance.

Jessen et al. (1918) suggests, on the basis of ge-
netic classification of the covering material, that
some of the Eemian kettle bogs of Brgrup are
overlain by till. Strongly supported by V.Milth-
ers’ (1925) view on the presence of the Scanian
basalt indicators, it is suggested, that the maxi-
mum extension of the Weichselian ice sheet runs
in a N-S direction through Brgrup.

Apart from the Scanian basalts, indicator
counts and stone counts (V.Milthers 1925) show,
that the area east of Brgrup is characterized by a
Baltic till underlying the Eemian kettle bogs de-
scribed by Hartz (1909), Milthers (1925) and Jes-
sen and Milthers (1928). According to Nordmann
(1958) Eemian peat bogs and their Baltic substra-
tum have been recognized in the area around
Kolding, where they are covered by till or other
glacigenetic material and often disturbed by gla-
ciotectonic activity. In the area between Lunder-
skov and Kolding K.Milthers’ counts from out-
wash gravels overlying the Eemian bogs are
dominated by Dala rocks which are ascribed to
the melting of the Dala-Baltic ice stream. Further
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eastwards the coastal areas are presumably cov-
ered by till material deposited by the Young Bal-
tic, Lillebalt glacier.

Jessen (1935) indicates that the surface till of
the southern part of area 9 is characterized by a
Baltic clast composition. However, this till can
not be distinguished on the basis of stone counts
or indicator studies from the lower till of the
area, but apparently only the upper till contains
re-deposited molluscan fragments of marine Ee-
mian derivation. The north-western part of the
area is suggested (Jessen 1935) to be character-
ized by -more Norwegian influenced indicator as-
sociations. -

-~ Area 9:
LUNDERSKOV -
KOLDING -
HEJLS

STRATIGRAPHY

Lithological columns of individual localities are
shown in fig. 71 and units are presented and cor- .
related for the whole area in the glacial strat-
igraphic data chart (fig. 72).

The oldest till in the area (locs 93, 97) over-
lying sandy outwash deposits (loc. 93) is a brown,
sandy, massive, Fennoscandian till with small
quantities of re-deposited Quaternary foraminif-
era. It has equal amounts of quartz and flint and
shows a fabric (loc. 93) indicating ice movement
from the north-east, NE-(A1-0): The Ashoved
Till. Fine grained outwash separates it from the
overlying grey, clayey, generally massive, quartz
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poor, Baltic till (locs 88, 89, 90, 93, 95, 96, 97).
This till is sporadically very rich in Cretaceous/
Tertiary limestone (fig. 73) and generally it shows
insignificant quantities of re-deposited Quater-
nary foraminifera or seldom a Z-accumulation
and with fabrics indicating ice movement from
easterly directions, E-(B2-0Z): The Lillebalt
Tl ' -

The Lillebalt Till is overlain by limnic gyttja
and peat deposited in a lake basin at Ejstrup (loc.
90, fig. 26). Samples with a pollen assemblage
corresponding to the Eemian zone 4 (S5.Th.An-
dersen 1965) were thermoluminiscence dated
(J.Nr. 829027, RIS®), and gave an age of 93100
TL years (Kronborg 1983). The limnic deposits,
that are covered by solifluction material, and the
underlying till have been folded by glaciotectonic
deformation from easterly directions. At other
localities (locs 95, 96) the Lillebzlt Till is overlain
by a brown to grey, massive and banded, clayey,
quartz poor, Fennoscandian till (also present at
loc. 87) occasionally holding a Z/Y-foraminiferal
accumulation and with fabric indicating ice flow
from the northeast; NE-(B1-ZY): The Mid Dan-
ish Till. This is overlain by an outwash sequence,

- with a tendency to fine upwards, deposited by

fecor=Xotd=¥1

93: ELVIG HOJ, NR. BJERT 94: GRONNINGHOVED

95: MOSEHUSE
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westward moving meltwater streams. This se- -

quence have undergone glaciotectonic deforma-
tion from the north-east and is overlain by a
brown, clayey, occasionally limestone free,
quartz poor, Baltic till containing a Y-foraminif-
era accumulation and with fabrics indicating ice
flow from the south-east; SE-(B2-Y): The East
Jylland Till. This till is overlain by proximal out-
wash deposits in the eastern part of the area.

DISCUSSION

The arguments held by V.Milthers (1925) regard-
ing the maximum extension of the ice sheet which
reached the Main Stationary Line were opposed
by Andersen (1945) who stated, that the Scanian
basalts were transported to the area by a Baltic
ice stream and that the Dala-Baltic icestream es-_
tablished by V. and K.Milthers never could have
existed. It was, however, not until Hansen (1978)
published the results of half a centurys work in
southern Jylland, that the most westerly maxi-
mum extension of the Weichselian ice cover pre-
sented by Jessen et al. (1918), V. Milthers (1925)

-and @dum (1927) was refuted. Hansen pointed

out that 1), the Weichselian cover of the Eemian

96: KALVEHO), HEJLS 97: GRAVENS HOVED
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Fig. 72: Glacial stratigraphic data chart, area 9, Lunderskov-Kolding-Hejls. Till units shown in fig. 43.



peatbogs west of Jels and Vejen is solifluction
material and not till, that 2) on morphological
grounds the maximum extension of the Weichse-
lian ice cover follows the course of the line divid-
ing Jylland into the two major regions as de-
scribed by Ussing (1903, 1907) respectively east
and west of a line through Jels and Vejen, and
that 3), the presence of Scanian basalts in the
area could hardly be proved to have any relation
to the Main Weichselian icesheet. In this connec-
tion Hansen referred to indicator counts rich in
Scanian basalts (but not as rich as the counts from
the Brerup area) published by K.Milthers (1942)
from Emmerlev Kiev on the west coast of Jylland
immediately north of the Danish-German bor-
der, where a Baltic till is overlain by undisturbed
limnic Eemian deposits.

Gormsen and Hansen (1980) take a standpoint
between the classical one and that presented by
S.Hansen (1978) by suggesting, that the cover
material of the Eemian bogs has been deposited
by ice surging from the Main Stationary Line to-
wards the west, although the authors state, that
the covering material can not be strictly charac-
terized as either till or solifluction material.

The upper part of the outwash deposited in the
Kolding A wvalley and the sandy deposits de-
scribed from the ice damed lake deposits west of
Kolding (Nordmann 1958) were probably deposi-
ted in connection with the deglaciation of the ice-
sheet, which deposited the East Jylland Till.

CONCLUSION
The examined localities of area 9 contain 4 tills
interbedded by outwash material, deposited by
generally westward flowing meltwater streams
(fig. 105). The two older tills are separated from
the two younger by limnic, Eemian deposits.
The oldest till is the Ashoved till deposited by
an ice sheet from the NE, this is overlain by the
Lillebzelt Till deposited by a Baltic ice sheet from
easterly directions and covered by Eemian peat
bogs. The Weichselian tills comprise the Mid
Danish Till deposited by an ice sheet from the
NE, which probably found its maximum exten-
sion along the line proposed by S.Hansen (1978)
similar to the line sketched by Ussing (1907). A
recessional advance from the NE disturbed the
outwash deposits overlying the Mid Danish Till in
coastal areas.
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Fig. 73; Incorporated chalk bands and chalk clasts, Lillebalt
Till, loc. 97, Gravenshoved.

The East Jylland Till was deposited by an ice-
sheet from the southeast, which has been found
in the coastal parts of the area. On the basis of
stonecounts, indicator erratic studies. topo-
graphic features and published geological maps,
it is suggested that the East Jylland ice border
line should be estended from area 8 taking a
southerly corse across the Kolding A valley im-
mediately east of the ice damed lake deposits de-
scribed by Nordmann (1958). From here it should
be extended southward crossing the late glacial
lake basin southwest of Vonsild, to a position at
the vertex of the valley sandur at @dis east of
Vamdrup.

5.10 AREA 10: WESTERN SOUTH-EAST
JYLLAND (locs 98-106, fig. 44)

Area 10 is situated between the Main Stationary
Line and the East Jylland Ice border in a north--
south trending strip of land between @dis-Vam-
drup and the area south of Vojens. The landscape
is characterized by valley sandurs and sandur
plains in the west and by the western heads of the
valleys typical of castern Jylland. The localities
are all gravel pits, except for loc. 106 which is a
motorway construction site.
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STRATIGRAPHY (fig. 74, 75)
The oldest till of the area is a grey, massive,
clayey, quartz poor, Baltic till with insignificant
_amounts of re-deposited Quaternary foraminif-
era, (B2-0): The Lillebzlt Till. It is separated by
outwash material, with a tendency to fine up-
wards deposited by westward moving meltwater
streams, from the overlying brown to grey,
clayey, massive, quartz poor, Fennoscandian till
(locs 98, 101, 103, 106). This till contains negli-
gable re-deposited Quaternary foraminifera and
" fabrics (locs 101, 103) indicates ice flow from the
northeast; NE-(B1-0): The Mid Danish Till. It is
overlain by a waterlaid sequence, coarsening up-
wards at locs 99 and 106, deposited by westward -
flowing meltwater streams. This sequence is
overlain by a brown, mostly banded, clayey,
quartz poor, Baltic till deposited as flowtill (B2):
The East Jylland Till. It is occasionally overlain
by proximal outwash material and has undergone
glaciotectonic deformation from the south-east
and east-north-east.

DISCUSSION AND CONCLUSION

Three till units interbedded with outwash mate-
rial has been found in area 10 (fig. 105). The fin-
ing upwards sequence overlying the Lillebzlt Till
is correlated with similar outwash of identical
stratigraphic position in area 11, where it is as-
sumed to have been washed out from the ice
sheet which deposited the Ristinge Klint Till. It is
overlain by the Mid Danish Till, deposited by an
ice sheet from the north-east, which is supposed
to have had its maximum extension along the

‘Main Stationary Line indicated by S.Hansen

(1978) and discussed under the previous area (9).
Between the deglaciation of this icesheet and the
advance of the East Jylland Ice sheet waterlaid
material was deposited on the sandur flats west of
Vojens. Meltwater emerging from the advancing
East Jylland Ice cap followed the same course,
and the resulting deposits were dislocated by ice
pressure from the south-east and east-north-east
in the eastern parts of the area, where the East
Jylland Ice border is proposed to lie on a north-
south trending line from Pothgj by Vedsted (loc.
106) east of Styding (loc. 103) through Bjerndrup
(toc. 100) northward to @dis. :
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Fig. 75: Glacial strz;tigraphic data chart, area 10, Western South Jylland. Till units shown in fig. 43.
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5.11 AREA 11: EASTERN SOUTH
JYLLAND (locs 107-115, fig. 44)

Area 11 comprises the country between Chris-
tiansfeld, Haderslev, the coast land to the east
and southeast, and the islands of Arg and Barsg.
The landscape is dominated by valleys through
Haderslev and Hoptrup and several ice marginal
hills lying on a relatively smooth till covered sur-
face. Localities are placed inland in gravel pits
and construction sites (locs 107, 108, 109, 110)
and at coastal cliffs by the Lillebzlt coast (locs
111, 112, 113, 114, 115). The area also contains -
the principal locality 5: Sgndervilstrup Strand.

PREVIOUS INVESTIGATIONS

Jessen (1930) identified three tills interbedded
with waterlaid material, on the basis of the con-
tents of Palacozoic limestone at the coastal cliff
of Halk Hoved (loc. 112). A lower Baltic till is
unconformably overlain by a Fennoscandian till,
at the base of which a glaciotectonic unconfor-
mity indicates ice deformation from the north-
east. The Upper till is limestone free at the lo-
cality in question, however, it is correlated with
the youngest till in the area (Jessen 1935) which is
of Baltic clast composition and characterized by

Area 1: EASTERN SOUTH JYLLAND

g
—

3

T o—

e e P R

m
cl/si Sa Gravel Ti

107: CHRISTIANSFELD
FOLD AXIS

D
CONSTRUCTED \

RIBBLE DRIFT
- LAMINATION
=525 PLANE

108: HJERNDRUP

[SS77] TROUGH CROSS-
% PLANE BEODING
B2 TABULAR CROSS-

A: QUARTZ RICH
1: FENNOSCANDIAN  2:
0,X,Y,Z: REDEP, QUART.

Fig. 76: Simplified lithological logs, area 11, Eastern South Jylland.

DIRECTION OF
ICE DEFORMATION
(GLACIOTECTONIC!

MEASURED
THRUST
FAULT

PALEOCURRENT
DIRECTION

-] MASSIVE CLAYEY TILL
ﬁ SAMPLE NUMBER
IMBRICATION [] SANDY BANDED TILL

B:QUARTZ POOR .

re-deposited molluscan fragments of marine Ee-
mian derivation from the western Baltic region.

Jessen (1935) correlated the lower Baltic- and
the Middle Fennoscandian till of Halk Hoved
with the two Weichselian, Baltic- and Fennoscan-
dian tills of Ristinge Klint both of which are inter-
bedded by meltwater deposits. Among other lo-
calities S.A.Andersen (1933, 1945) uses the till
stratigraphy and glaciotectonic setting of Halk
Hoved to illustrate the chronology of ice streams
during the Weichselian. Andersen indicates, that
the Old Baltic ice stream deposited the lower
Baltic till, the NE ice deposited the Fennoscan-
dian, middle till and reached the Main Stationary
Line, and the Young Baltic ice advance deposited
the upper, Baltic till.

K.Milthers (1942) suggests, that the subsurface
deposits of the area are dominated by rocks of
the Dala-Baltic ice stream with some incorpora-’
tion of older Norwegian material and overlain by
till dominated by Baltic indicators at the surface.

Frederiksen (1975, 1976) recently studied the
localities called 111, 112, 113 in this investigation
among other sites along the coast of Lillebzlt and
concluded, that three tills interbedded with out-
wash material are present in the area. A lower,
Baltic till, containing a Z-foraminiferal accumu-
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lation and with fabrics indicating ice flow from
easterly directions, is estimated to be of late Saa-
lian age. The middle Fennoscandian till contain-
ing an X-foraminiferal assemblage and with fab-
rics indicating ice flow from the NE is assumed to
be deposited by the ice sheet, which reached the
Main Stationary Line, and the upper, Baltic till
containing a Y-accumulation and with fabrics in-
dicating ice flow from the southeast was most
probably deposited by the East Jylland Ice sheet.

STRATIGRAPHY
Omitting the data from the principal locality 5:
Sgndervilstrup Klint, symbolic locs of each of the
examined localities are shown in fig. 76, and indi-
vidual units are correlated for the whole area in
the glacial stratigraphic data chart (fig. 77).

The oldest till in the area overlying sandy out-
wash deposits (loc. 109) is a grey, clayey, mas-
sive, quartz poor, Baltic till with insignificant
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that at least pollen zone 7, defined by S.Th.An-
dersen (1965), is present. In other places the Lil-
lebalt Till is overlain by outwash material (locs
107, 110, 115), at locality 112 developed as a fin-
ing upwards sequence, deposited by westward
moving meltwater streams. This sequence is gla-
ciotectonically thrusted and folded from north-
easterly directions (loc. 112) and unconformably
overlain (locs 107, 110, 112, 115) by a brown to
grey, massive and banded, quartz poor, Fennos-
candian till. This till contains, in some places, a
mixture of the X and Y foraminiferal accumula-
tions, whilst fabrics indicate ice flow from the
northeast; NE-(B1-XY): The Mid Danish Till.
At Halk Hoved (loc. 112, fig. 78) this till has un-
dergone glaciotectonic deformation from north-
easterly directions. The Mid Danish Till is over-
lain by proximal outwash and flow-till deposits
which have undergone glaciotectonic folding and -
thrusting from the east (loc. 107, fig. 79), from
the south (loc. 108) and from south-easterly di-

L

112: HALK HOVED

1t: KNUDSHOVED

amounts of re-deposited Quaternary foraminif-
era (B2-0): The Lillebzlt Till. It is overlain by
(remobilized?) limnic Eemian deposits which in
turn are overlain by waterlaid sand and gravel
(loc. 109). Palynological examination of one sam-
ple from the limnic Eemian deposits indicated,

113: RADE HOVED

[

T T

134: ARO 115: BARSO

rections (loc. 109, 115). The sequence is uncon-
formably overlain by a brown, clayey, massive,
quartz poor Baltic till (figs 78, 80) showing in
some samples a Y-accumulation and with fabrics
indicating ice flow from the southeast:
SE-(B2-Y): The East Jylland Till.
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Fig. 77: Glacial stratigraphic data chart, area 11, Eastern South Jylland. Till units shown in fig. 43.




S SR o . S
Fig. 78: Lillebzlt Till (L) overlain by outwash deposits. The
Mid Danish Till (M) which unconformably overlies this se-
quence is folded by ice deformation from the NE and overlain
by the East Jylland Till (E), loc. 112, Halk Hoved.

Advance, loc, 107, Christiansfeld.

7 Pleistocene stratigraphy
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Fig. 80: East Jylland Till, loc. 114, Are.

DISCUSSION

The present investigation has fully confirmed the
stratigraphic results of Frederiksen (1973, 1976),
however, some new information has been gath-
ered. The fining upwards sequence overlying the
Lillebzlt Till is estimated to be of Weichselian
age, because it overlies the Eemian material in-
land and it overlies the Ristinge Klint Till at prin-
cipal locality 5: Sendervilstrup Strand. The fact
that the Ristinge Klint Till only is found at loc. 5,
does not indicate, that its extension in confined to
this locality, it can very well have a greater distri-
bution in the area. On the Tinglev sandur,
(Hansen 1965) morphological evidence of dead

Lk ‘k' i, e

Fig. 79: Sandy and gravely outwash material folded and thrusted from easterly directions in icemarginal hills from the East Jylland
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ice masses present during the deposition of the
sandur could suggest, that the ice stream which
deposited the Ristinge Klint Till in the coastal
areas of the southern Lillebalt, also covered the
part of southern Jylland characterized by dead ice
topography on the Tinglev sandur. The presence
of fragments of Juniperus (Kolstrup & Have-
mann 1984) of Pleniglaical age has suggested,
that the larger part of the Tinglev Sandur was de-
posited from the Old Baltic icestream before
49000-42000 BP. This conclusion is, however, not
favoured by the present author because, it is not
demonstrated that the wood fragments in fact lie
in situ, on the contrary, it is higly probable that
the material is reworked.

A comparison of morphological features and
the ice pressure directional properties of the last
ice cover, which probably deposited the East Jyl-
land Till, is assumed here to outline the course of
the East Jylland Iceborder line at the inland lo-
calities of the area. The line proposed contmues
from @dis (area 10) through Ravnbjerg (loc 107)
west of Christiansfeld where a valley led outwash
towards the west (into area 10). From Ravnbjerg
the ice border line follows the ridge south-west-
ward through Bjerndrup (loc. 100) and further
south eastwards to a point east of Styding and
west of Haderslev Dam and from here southward
to Pothgj by Vedsted (loc. 106) to be connected
with the younger of the terminal moraines
around Abenra.

Area 12: NORTHWESTERN FYN

CONCLUSION

When taking the stratigraphy of the principal lo-
cality 5: Sendervilstrup Strand into consider-
ation, area 11 contains 4 till units interbedded by
outwash generally deposited by westward flowing
meltwater streams (fig. 105).

The oldest till is the Lillebzlt till deposited by a
Baltic ice sheet from eastern directions during the
late Saalian. It is overlain by limnic Eemian de-
posits or a podsolic palaco soil has developed on
the surface of the till and in waterlaid sand imme-
diately above it (loc. 5). The Weichselian, Rist-
inge Klint Till, which overlies the Lillebelt Till at
loc. 5, was deposited by a Baltic icestream suc-
ceeded by an icestream from the north-east,
which deposited the Fennoscandian, Mid Danish
Till. This ice sheet apparently caused glaciotec-
tonic deformation of the Mid Danish Till in the
coastal areas during a readvance from north east-
erly direction. After or during deglaciation of the
previous icesheet, the East Jylland Till was de-
posited by the East Jylland Ice stream in the
coastal areas.
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5.12 AREA 12: NORTH-WESTERN FYN (locs
. 116-125, fig. 44)
Area 12 comprises ZEbelg and the northern part
of Fyn between Ejby, Baring Vig, Bogense and
Sgndersg. The landscape is dominated by the
smooth plain of northern Fyn upon which several
eskers are situated and towards the south, the
more elevated dead ice region of central Fyn is
characterized by numerous kames. Localities are
placed at coastal cliffs (locs 116, 117) and in in-

land gravel pits (118, 119, 120, 121, 122, 123, 124,

125). Area 12 also contains the principal locality
~ 4: KEbelg.

PREVIOUS INVESTIGATIONS
Madsen (1900) indicates on the basis of stone
counts, that the northern part of Fyn is covered
by a Baltic till, although some counts also indi-
cate the presence of Fennoscandian till material.
Stone counts from subsurface deposits especially
on ZEbelg suggest the presence of older till mate-
rial dominated by Norwegian indicators.
Madsen et al. (1928) suggests, that the Baltic
till covering northern Fyn was deposited by the
East Jylland Ice sheet, named the D-advance.
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The till of the younger, Baltic ice stream is as-
sumed to cover material rich in Norwegian in-
dicators in the northern region, where as, this
material constitutes the youngest glacial deposit
in the southern region. This material was deposi-
ted by the Dala-Baltic icestream, but strongly
contaminated by older Norwegian clast material.
Based on thevfrequency of Baltic indjcators and
morphological . features V.Milthers (1932)
sketched roughly north-south trending reces-
sional lines of the Baltic ice sheet, as a contin-
uation of similar lines drawn in eastern Jylland.

K.Milthers (1942) ascribes the dead ice land-
scape in central Fyn to the Dala-Baltic phase,
whereas the western lobe of the Baltic ice stream
covered the coastal areas towards the west. This
ice stream deposited Baltic indicators from the
Lillebalt glacier supposedly travelling in a north-
easterly direction across the coastal areas of west-
ern Fyn.

Smed (1962) studied the glacial morphology of
Fyn in great detail dividing the landscape into
several distinct morphological regions. Area 12
comprises two such regions. The larger, northern
region is characterized by a till plain drumlinized
in a ESE-WNW direction upon which, eskers
containing Baltic clast material have been
formed. The smaller region towards the south is
characterized as a till plain partly drumlinized in
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121: HARSLEY MARK 122: SMIDSTRUP
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t23: SANDAGERGARD -

125: ULLERUP

124: MELBY

GRINDLOSE AS

V.Milthers (1932, 1948) recognizes two regions
of different indicator erratic associations and
morphology: 1) a larger northerly till plain domi-
nated by Dala and Baltic indicators and 2) a
smaller southerly region dominated by Dala and
Norwegian indicators characterized by morpho-
logical features developed in dead ice masses.

7"

a NE-SW direction, with numerous kames depos-
ited upon the surface. Supported by observations
from glacial striations on stratigraphically deter-
mined boulder pavements Smed concluded, that
the southern region was overridden by a glacier
from the NE, which left dead ice masses on cen-
tral Fyn. This advance was succeeded by the
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Young Baltic, East Jylland ice stream which was
responsible for the WNW-ESE drumlinization of
the northern region and which deposited a Baltic
till and the eskers around Grindlgse south of Bo-
gense.

Smed advocated the point of view (in accord-
ance with K. Milthers 1942), that the NE ice-
stream was the last to cover central Fyn and that
the two Young Baltic ice streams moving through
Lillebzlt and Storebzlt respectively, were not
able to transgress this central area even though
the ice streams merged west of Fyn. This stand-
point was strongly opposed by Andersen (1963)
but no reasonable alternative was forwarded in
his critisism of Smeds work.

Area 12: NORTHWESTERN FYN

STRATIGRAPHY
Omitting the data from principal locality 4:
/Abelg lithological columns from each investi-
gated locality are presented in fig. 81, and units
are correlated and presented in fig. 82 for the
whole area in the glacial stratigraphic data chart.
The oldest till of area 12 is a grey, clayey, mas-
sive, quartz poor, Baltic till (loc. 120) with insig-
nificant amounts of re-deposited Quaternary for-
aminifera, (B2-0): The Lillebalt Till. This till is
not observed in direct contact with the younger,
brown to grey, massive and banded, quartz poor
partly Fennoscandian partly Baltic till (locs 117,
118, 121, 123, 124, 125) which primarily contains
an X-foraminiferal accumulation and with a fab-
ric indicating ice-flow from the north east; NE-(B
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Fig. 83: Mid Danish Till (M) overlain by proximal outwash
folded from the NE and overlain by an upper subunit of the
Mid Danish Till (U), lec. 125, Ullerup.

1/2-X): The Mid Danish Till. The till forming the
core of Grindlgse esker (loc. 123) is considered to
be part of this till unit. In spite of its high Baltic
clast content, which was presumably picked up
from zn underlying Baltic till unit, several clasts
of kinnekulle-diabase have been found in situ and
it moreover contains an X-like foraminiferal ac-
cumulation even though the content is too small
for faunal comparison.

The Mid Danish Till is overlain by proximal
outwash material (locs 118, 121, 122, 124, 125)
deposited by meltwater streams flowing towards
the north and southwest. The outwash and the
underlying till have undergone glaciotectonic de-
formation from the NE (locs 117, 118, 124, 125).
This sequence is either unconformably overlain
by a brown, massive, quartz poor Fennoscandian
till (fig. 83) in the northern part of the area (locs
124, 125); (B1): an upper subunit of the Mid
Danish Till; or the dislocated sequence is uncon-
formably overlain by proximal outwash material
(locs 118, 121) occasionally found deposited as
small deltas (fig. 84) building up some of the ka-
mes of the dead ice area of central Fyn. In the
coastal areas the Mid Danish Till and the over-
lying outwash have undergone glaciotectonic de-
formation from the ESE and are overlain by a
brown, massive, quartz poor, Baltic till without
notable amounts of re-deposited Quaternary for-
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Fig. 84: Deltaic kame deposits overlying the Mid Danish Till,
loc. 118a, Fjelsted.

aminifera (locs 116, 117, 119, 124) and with a fab-
ric indicating ice flow from the east-south-east
(loc. 116); ESE-(B2-0): The East Jylland Till.
The esker near Grindlgse and this till were prob-
ably deposited from the same icesheet.

DISCUSSION
The Mid Danish Till seems to show a relatively
higher content of Pal.limestone on northern Fyn
than found in other parts of the examined region,
however it can in most places be identified by its
content of re-deposited Quaternary foraminifera
with X-accumulation. The Mid Danish Till can be
divided into two subunits separated by proximal
outwash deposits and glaciotectonic unconformit-
ies indicating ice pressure from north-easterly di-
rections. This suggests, that the ice stream which
deposited the Mid Danish Till deposited the
lower subunit at an early stage and, after a retreat
of the ice front, during which proximal outwash
was deposited, a readvance caused glaciotectonic
deformation from the NE. Thereafter either the
upper subunit of the Mid Danish Till or the prox-
imal outwash in kames on central Fyn was depos-
ited in dead ice masses of this ice sheet.

As the East Jylland Till has not been found in
the southern part of area 12, and the kames,
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which resulted from the readvance leaving dead
ice masses in central Fyn, constitute the youngest
and undisturbed glacial deposits in this region, it
could be suggested, following Smed (1962), that
the East Jylland Ice sheet was confined to the
coastal areas of Fyn. However, Andersens (1963)
contention, that the dead ice masses of central
Fyn were no real obstacle for the Young Baltic
Ice stream, cannot been rejected as a result of the
present investigation. As it shall be shown in the
next chapter (area 13: Southwestern Fyn), the
course of the icestream, which deposited the East
Jylland Till, was strongly affected by an “obsta-
cle” which resulted in the formation of a conver-
ging directional pattern across Fyn, but whether
or not the Young Baltic ice stream covered the
whole of Fyn is still an open question, however
the proposal of Andersen (1963) is favoured from
a glaciodynamic point of view.

CONCLUSION

When the data from the principal locality 4:
Zbelg is included, the area of northern Fyn con-
tains 5 till units interbedded with waterlaid out-
wash, deposited by generally westward flowing
meltwater streams (fig. 105).

The two older tills, only observed at ZAbelg,
are the Trelde Nes Till and the Ashoved Till. A
Baltic till, apparently the LillebaIt Till, consti-
tutes the oldest till observed on the mainland of
Fyn which also overlies the older tills at Ebelg.

Area 13: SOUTH WESTERN FYN

m{—=—t—r—
clf; Sa  Gravel Till

126: SPARRETORN

DIRECTION OF

127: WEDELLSBORG HOVED

This till is overlain on ZEbelg by the older subunit
of the Mid Danish Till which was deposited by an
early substage of the icesheet, which reached the
Main Stationary Line. A recessional advance
from the NE caused deformation of the lower
subunit and overlying outwash material and led
to the deposition of an upper subunit and the
sedimentation of kames in its dead ice masses on
central Fyn. The East Jylland Till was deposited
by an icesheet from the ESE and is found in the
coastal areas of area 12.

5.13 AREA 13: SOUTHWESTERN FYN (locs
126-135, fig. 44)

Area 13 is situated on the Lillebalt coast of Fyn
and extends from the base of the Fgnsskov penin-
sula south of Middelfart in the north over Assens -
to Helnas towards the south. The landscape is
dominated by a drumlinized till plain near the
coast whilst kames dominate further inland. Lo-
calities are placed at coastal cliffs (locs 126, 127,
131, 133, 135) or in gravel pits (locs 128, 129, 130,
132, 134). The principal locality 6: S¢nderby
Klint is situated within area 13.

PREVIOUS INVESTIGATIONS

Jessen (1907, 1935) recognizes a Baltic till cover
and an older substratum, where Norwegian clast
material is present in minor quantities. Madsen et
al. (1928) suggested, that a glacier moving north-
ward through Lillebalt deposited the upper, Bal-
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tic till and suggested, that the glacier was con-
fined to the area in which floes of marine Eemian
clay are found. ;

By the use of indicator counts and morpholog-
ical considerations V.Milthers (1932, 1940, 1948)
divided the area into a south-western, coastal re-
gion dominated by Baltic indicators in which
floes of Eemian clay could be found, and a cen-
tral region with a pronounced dead-ice topogra-
phy primarily occupied by kames. This region
contains a strong imprint of Norwegian indica-
tors. The border between the landscape left by
the Dala-Baltic ice stream in central Fyn, and the
coastal area occupied by the purely Baltic ice
stream, was drawn along NW-SE trending paral-
lel ridges. These ridges consist of outwash mate-
rial deposited by westward moving meltwater
streams flowing between an inactive ice towards
the NE and an active glacier moving through Lil-
lebzlt. The same two regions were recognized by
K.Milthers (1942) who suggested, that the central
region of Fyn was never covered by the Baltic ice
stream which advanced through Lillebzlt and
Storebelt. _

Smed (1962) indicated that the coastal area was
characterized by a till plane, drumlinized in a
roughly NNW-SSE trending direction, and devel-
oped by a glacier moving northward through Lil-
lebzlt. This plane is separated from the central
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ferring to glacial striations on boulders covering
an esker (Sallinge As) deposited by the NE-ice in
south-central Fyn he suggests, that the Young
Baltic ice stream transgressed the whole of Fyn
on its way to the East Jylland Ice border. An-
dersen proposes, that the ice marginal hills of
south-western Fyn were deposited as elongate
kames between the dead-ice in the north east and
the East Jylland ice sheet under deglaciation in
the coastal region. Meltwater from south-west
and central Fyn was directed across the Lillebzlt
and through Kolding A valley towards the sandur
flats of central Jylland.

STRATIGRAPHY

Simplified lithological columns of individual lo-
calities are shown in fig. 85 and lithostratigraphic
units are correlated for the whole area in the gla-
cial stratigraphic data chart (fig. 86).

The oldest till of area 13 is separated from un-
derlying marine Eemian clay by fine grained wa-
terlaid deposits (loc. 135). It is a brown to grey,
massive, quartz poor, Baltic till containing re-
deposited Quaternary foraminifera of the Y-ac-
cumulation; (B2-Y): The Ristinge Klint Till. At
loc. 127 this is also characterized by re-deposited
molluscan fragments derived from the Cyprina
Clay. The till is overlain by primarily fine grained

éj marine Eemian

T

131: ASSENS NORDSTRAND

132: SKYDEBJERG

dead-ice region by ice border kames and kame
like ice marginal hills which are also present on
the plane where they form recessional ice border
lines.

Andersen (1963) points out, that there are no
traces of an independent Lillebalt glacier, and re-

T

133: HELNASN

134: SKARUP 135: HELNESS

outwash material, deposited by generally north-
ward moving meltwater, which in turn is overlain
by a brown to grey, mostly massive, quartz poor
Fennoscandian till (fig. 87) with rather large
amounts of Baltic clast material (locs 126, 127,
128,.131) and containing an X-accumulation with
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Fig. 86: Glacial stratigraphic data chart, area 13, Southwestern Fyn. Till units shown in fig. 43.

some intermixture of the Y-foraminiferal accu-
mulation; (B1-X/Y): The Mid Danish Till. It is
overlain by proximal outwash material which, to-
gether with the underlying deposits, has under-
gone glaciotectonic deformation (locs 126, 128)
from the NE. This sequence is unconformably
overlain by proximal outwash material deposited
by westward flowing meltwater streams (locs 128,
129, 130) and kame deposits (loc. 132). In the
coastal areas this sequence (and older deposits)
has undergone glaciotectonic deformation from
south-eastern directions and is unconformably
overlain by a brown, massive, quartz poor, Baltic

till containing a Y-foraminiferal accumulation,

. and which contains fabrics indicating ice flow

from the south; S-(B2-Y): The East Jylland Till.

DISCUSSION

The Mid Danish Till defined as a NE-till of B1-X
composition seems in area 13 (as well as the pre-
viously described area 12) to be characterized by
an enrichment of Pal.clast material and some
traces of the Y-foraminiferal accumulation. This
somewhat diverging composition, which at times
approaches the values of the Weichselian, Baltic



tills, is explained by incorporation of a substra-
tum partially composed of the Lillebzelt Till, pri-
mary Eemian marine deposits and the Ristinge
Klint Till. The deformation from the NE of the
Mid Danish Till and overlying outwash deposits
indicates that the readvance, which led to the de-
position of kames in the dead ice masses of cen-
tral Fyn, transgressed the whole of the island and
possibly reached the coastal areas of Jylland at
Halk Hoved (loc. 112) and covered parts of the
island of Als (Sjerring 1977).

The distribution of the East Jylland Till and its
associated glaciotectonic disturbances suggests,
that the Young Baltic advance is confined to the
coastal regions of Fyn. No conclusive evidence as
to whether or not the central part of Fyn was
transgressed by the ice sheet has, however, been
obtained by the present investigation.

CONCLUSIONS

Three till units have been recognized in area 13
when the stratigraphy of loc. 6 Sgnderby Klint is
included (fig. 105).

The whole of the described glacial sequence is
ascribed to the Weichselian. The oldest till is the
Ristinge Klint Till which is overlain by the Mid
Danish Till. A readvance of the ice sheet which
deposited this till caused deformation from the
NE and during deglaciation kames were deposi-
ted in the central Fyn dead ice masses while, at
the same time, the Young Baltic ice sheet deposi-
ted the East Jylland till is the coastal areas.

5.14 AREA 14: MOLS, HELGENAS, TUN@,
NORTH SAMS®, KYHOLM (locs 136-144,

fig. 44)

Area 14 comprises the coastal areas of southern
Mols, the peninsula of Helgen®s, Northern
Samsg and the islands of Tung and Kyholm. The
landscape consists of two generations of ice mar-
ginal hills situated on a rather plane surface, the
highest points of which today constitue penin-
sulas or small islands. All localities are placed at
coastal cliff sites; Mols (locs 136, 140, 141), Hel-
genzs (locs 137, 138, 139), Tuné (locs 142, 143)
and Kyholm (loc. 144). The principal locality
(loc. 7): North Samse is situated in the southern
part of the area.

Fig. 87: Mid Danish Till (M) overlying finegrained meltwater
deposits and overlain by outwash gravel. The sequence has
been folded by ice-deformation from the NE and is unconfor-
mably overlain by the East Jylland Till (E), loc. 127, Wedells-
borg Hoved.

PREVIOUS INVESTIGATIONS

Madsen (1897) recognized an upper and a lower
till-complex each divisible into two compositional
groups; one rich and one poor in Pal.limestone.
In the upper complex, the till containing high
quantities of Palaeozoic material has low flint qu-
otients and vice versa. Madsen et al. (1928) sug-
gests, with reference to the flint quotient of the
surface tills, that the younger till of the area cor-
responds to till D, deposited by the East Jylland
Ice sheet.

Harder (1908) indicates, that the East Jylland
Ice border line represents the maximum exten-
sion of an independent ice sheet younger than
that which reached the Main Stationary Line.
The till from this ice sheet is characterized by a
Baltic clast composition which however, in the
area of Mols seem somewhat contamined by Nor-
wegian indicators.

Based on morphological considerations and the
frequency of respectively red and brown Bal-
tic quartzporphyry in indicator counts taken pri-
marily in beach gravel V.Milthers (1932, 1948)
suggests, that most of the area except for Tung
and perhaps Kyholm is dominated by indicators
from an East Baltic advance, whereas Tung and
southern Samsg were overridden at a later stage
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Fig. 88: Simplified lithological logs, area 14, Mols -Helgenzs-Tung-Kyholm.

by a West Baltic advance. V.Madsen (1931)
strongly opposed V.Milthers’ morphological ar-
guments. K.Milthers (1942) also using the fre-
quency of baltic quartzporphyries suggests, that
an ice sheet from the Baltic region divided when
reaching Fyn into a western and an eastern lobe.
These he named respectively the Lillebzlt- and
Storebzlt glacier. These two glacier tongues pro-
ceeded northwards on either side of Samsg reach-
ing the East Jylland Ice border zone at Mols.

Thamdrup (1970) indicates the presence of two
dislocated tills in the cliff site of Mols Hoved (loc.
136). An older till characterized by Norwegian
and Dala indicators was presumably deposited by
the ice stream which reached the Main Stationary
Line, and the upper till was deposited by the
Dala-Baltic advance during the East Jylland
stage. The sequence underwent glaciotectonic
thrusting from the southeast during the (late)
Baltic advance referred to by K. Milthers (1942)
as the Lillebzlt glacier.

H.W.Rasmussen (1977) finds no evidence for
an ice transgression on Mols later than the east
Jylland advance and the V-shaped ice marginal
hills mentioned by V.Milthers (1932) are inter-
preted as kames deposited upon older ice mar-
ginal ridges.

Houmark-Nielsen (1976 a, b, ¢, 1980, 1981,
1983c) and Houmark-Nielsen and Berthelsen
(1981) presents results of glacial stratigraphic in-
vestigations in the area concluding, that four tills
interbedded by waterlaid deposits are present.
An older (Saalian) Baltic till (the Palaeco-baltic
till) is present at several sites and is seen incorpo-
rated into a younger, otherwise Fennoscandian
till deposited by the first Weichselian ice sheet
from the north. It was succeeded by an ice sheet
from the north-east, which deposited a Fennos-
candian till which was in turn dislocated by read-
vance of that ice sheet. Finally an ice stream from

the SE deposited a Baltic till.
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STRATIGRAPHY
Simplified lithological logs of each locality are
shown in fig. 88 and units are presented and cor-
related for the whole area in the glacial strat-
igraphic data chart (fig. 89). The oldest till found
in the area overlying Tertiary clay is a grey, mas-
. sive, clayey, limestone rich, quartz poor, Baltic
till (locs 138, 142, 143) with insignificant amounts
of re-deposited Quaternary foraminifera (B2-0):
The Lillebalt Till. In some cases it is separated
from younger tills by waterlaid material or a
boulder pavement (locs 142, 137) however, on
southern Tung (loc. 143) the boundary is gradi-
tional. The overlying till is a grey, massive,
clayey, quartz poor, Fennoscandian till (locs 138,
139, 141), which at some sites contains a Baltic
(locs 143, 144) or intermediate (locs 136, 137,
142) clast composition. It is characterized by an
X-foraminiferal accumulation except for loc. 144
where a Y-accumulation is present. Fabric data
obtained from all compositional facies indicate
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ice movement from- the north-north-east;
NNE-(B1(2)-X): The Kattegat Till (fig. 90). It is
overlain by proximal outwash deposits, which
grade into fine grained deltaic sediments, deposi-
ted by generally northward flowing meltwater
streams. These deposits are overlain by proximal
waterlaid sand and gravel deposited by south-
westward moving meltwaterstreams. This se-
quence has undergone glaciotectonic deforma-
tion from the NE and, it is unconformably over-
lain by a brown, banded and massive, quartz
poor, Fennoscandian till with fabrics indicating
ice flow from the north-east; NE-(B1): The Mid
Danish Till. Together with overlying outwash de-
posits this till has first undergone glaciotectonic
deformation from the NE (fig. 90) then disturbed
by a younger deformational phase from the SE.
This sequence is unconformably overlain by a
brown, massive, quartz poor, Baltic till (locs 136,
137, 142) with fabrics indicating ice flow from the
southeast; SE-(B2): The East Jylland Till.
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Fig. 89: Glacial stratigraphic data chart, area 14, Mols -Helgenzs-Tung-Kyholm. Till units shown in fig. 43.

DISCUSSION

Clast petrographic studies of the Kattegat Till
suggests, that strong incorporation of a substra-
tum composed of Baltic material took place in
this area and the presence of a Y-foraminiferal
assemblage in a sample from loc. 144 indicates,
that marine deposits of the Eemian could be situ-
ated north of the area in question. However, the
overall appearance of the Kattegat Till points to-
wards deposition by an ice stream from the north,

which is supported by the large amounts of Nor-
wegian indicators (V.Milthers 1932) especially
around Northern Samsg.

Houmark-Nielsen (1980) and Houmark-Niel-
sen and Berthelsen (1981) proposed, that the fine
grained, deltaic outwash material deposited by
northward moving meltwater streams interbed-
ding the Kattegat Till and the Mid Danish Till
could have been deposited distally from an Old
Baltic ice sheet lying south of the area. This hy-



Fig. 90: Upper: Kattegat Till (K) separated by outwash deposits
from the Mid Danish Till (M). Lower: Detail of the Mid Danish
Till folded by ice-deformation from the NE, loc. 138, Esby
Klint.
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pothesis can however no longer be maintained,
because the evidence from loc. 185, area 19 indi-
cates, that the Ristinge Klint Till, presumably de-
posited by the Old Baltic advance, underlies the
Kattegat Till. On the other hand, the presence of
this outwash unit, which has a much wider distri-
bution in the Bwlthav region, indicates that the
ice free conditions prevailed in the southern Ka-
ttegat between the advance from the N and that
from NE.

Studies of glacial morphological features from
aerial photographs, with special emphasis placed
on the orientation of elongate ridges, indicates a
strong agreement in directional properties be-
tween ridges and the orientation of glacialtec-
tonic structures from exposed cliff sections (Hou-
mark-Nielsen 1976c¢, 1983a). Thus it can be estab-
lished, that the NW-SE oriented hills of Mols,
Helgenas and North Samsg were formed during
a readvance of the ice sheet which deposited the
Mid Danish Till. Hills with an orientation lying in
a NE-SW direction are ascribed to a later phase
of ice transgression from the SE during the
Young Baltic glaciation. These studies partly con-
firm the wmorphological interpretation by
V.Milthers (1932) who suggested. that the ice
pushed “highlands™ of the region are composed
of two sets of differently oriented hills, they were
however, not contemporary in formation but
each is ascribed to an individual ice advance
(Houmark-Nielsen 1983a).

CONCLUSION

[n the stratigraphy of area 14, including the prin-
cipal locality 7: North Samse, four till units inter-
bedded with waterlaid deposits are recognized
(fig. 105).

The Lillebzlt Till constitutes the oldest ob-
served till which is often separated by outwash
material from the overlying Kattegat Till. Two
units of outwash deposits interbed the Kattegat
Till and the Mid Danish Till. A lower. fine
grained sequence is deposited by generally north-
ward flowing palacostreams and an upper, coarse
grained sequence deposited by south-westward to
westward moving meltwater streams emerging
from the advancing ice stream from the NE. This
ice sheet deposited the Mid Danish Till and dur-
ing a readvance caused deformation from the NE
as well as forming the older ice pushed ridges of
the region.
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Fig. 91: Simplified lithological logs, area 15, South Samsg -Vejrg.

The East Jylland Till was deposited by the
Young Baltic Ice stream advancing from south-
eastern directions and a readvance of this ice-
sheet (Bzlthav re-advance) thrusted and folded
the East Jylland Till and older deposits from the
south-east in an ice marginal zone cutting North
Samsg in a NE-SW direction.

5.15 AREA 15: SOUTH SAMSO-VEJR® (locs

145-153, fig. 44)

Area 15 includes the southern part of the island
of Samsg which is characterized by a relatively
level till covered surface with elongate kame like
hills lying in a roughly NE-SW to N-S trending
position. The island of Vejrg is situated east of
Samsg upon the submarine arch-shaped ridge
connecting Samsg and Sejerg. Localities are
placed in gravel pits (locs 147, 150, 152) and
coastal cliffs (locs 145, 146, 147, 148, 149, 151,
153).

: BALTI

PREVIOUS INVESTIGATIONS
Madsen (1897) found an upper and a lower till on
southern Sams@, both characterized by large
quantities of Palaeozoic clast material. The upper
till, the flint quotient of which is about half the
value of the till covering north Samsg was, ac-
cording to Madsen et al. (1928), deposited by an
icestream younger than the one reaching the East
Jylland Ice border line and hence named the Belt
advance (E). The argument of V.Milthers (1932),
that a V-shaped ice border line had its position
across southern Samsg, was strongly objected by
Madsen (1931). Milthers argued that the border
line had inherited its form from earlier stages of
the East Jylland ice sheet and was developed dur-
ing the changing from an Eastbaltic to a Westbal-
tic icestream. Madsen, however, connected the
elongate hills of south Samsg and the Baltic till
cover of the island with the position of a glacier
lobe in Storebzlt (the Balt advance) east and
southeast of Samsg.

Houmark-Nielsen (1980, 1981, 1983c) sug-
gests, that Madsens lower till should be ascribed
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to the Saalian glaciation and concludes, that the
Kattegat Till is most probably confined to areas
north of South Samsg. The Mid Danish Till de-
posited by an ice sheet from the NE is not often
found in this area and moreover, the East Jylland
Till is overlain by a younger Baltic till deposited
by the Balthav readvance.

STRATIGRAPHY (figs 91, 92)

The oldest till of area 15, the lower boundary of
which is not exposed, is a grey, clayey, massive,
quartz poor Baltic till (locs 145, 146, 148, 149,
151, 153) containing insignificant amount of rede-
posit Quaternary foraminifera and with fabrics
indicating ice movement from a south-easterly di-
rection; SE-(B2-0): The Lillebalt Till. The strat-
igraphy of the strongly disturbed glacial sequence
of loc. 153: Vejrg suggests, that the till is overlain
by marine Eemian clay and silt, which in turn is
overlain by the previously described lower, fine
grained and upper coarse grained waterlaid de-
posits separating the Kattegat Till and the Mid

/
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152: GRONHOVED 153: VEJRO

Danish Till in area 14. These meltwater deposits
are overlain by a brown, massive, clayey, quartz
poor, Fennoscandian till at loc. 153 containing an
X-foraminiferal accumulation; (B1-X): The Mid
Danish Till. Thrust faults indicating ice deforma-
tion from the NE, and affecting the Lillebalt Till
and overlying waterlaid deposits (loc. 149), are
associated with the icestream which deposited the
Mid Danish Till.

According to the glacial stratigraphic model,
this till should be overlain by the East Jylland
Till, but unfortunately this stratigraphic relation
has not been found exposed in the present area.
However, a brown, massive, quartz poor till (locs
146, 150, 152) of Baltic and intermediate com-
position with a fabric indicating ice flow from the
southeast; (SE-B1/2) is suggested to correspond
to the East Jylland Till (fig: 93). It is separated
from the overlying till by outwash, deposited by
northward flowing meltwater streams and glacio-
tectonic unconformaties indicating ice pressure
from easterly (fig. 93) and south easterly direc-
tions. The glaciotectonic thrusting and folding
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Fig. 92: Glacial stratigraphic data chart, area 15, South Samsg-Vejrg. Till units shown in fig. 43.



Fig. 93: East Jylland Till (E) overlain by waterlaid sand folded from the east and unconformably overlain by the Belthav Till (B). loc.
146, Vestborg Fyr.

from the southwest at loc. 153, is also ascribed to
the ice sheet which deposited the overlying till.
This till is a brown, massive, clayey, quartz poor,
Baltic till with fabrics indicating ice flow from the
E (locs 145, 146, 149), from the southeast (locs
150, 152) and from the southwest (loc. 153). This
E-SE-SW-till of B2 composition is referred to as
the Bealthav Till.

DISCUSSION

Concerning the Weichselian deglaciation pattern
sketched by V.Milthers (1932) and K.Milthers
(1942) it must be emphasized, that their interpre-
tation is only to a minor degree based on strat-
igraphic evidence and depends for the larger part
upon the frequency of indicator bounders found
mostly in beach gravels or other secondary accu-
mulations. This has already been pointed out by
S.A.Andersen (1945). In the northern Lillebalt
region, one of the key regions delt with by V. and
K.Milthers, it can be shown, that cliff sites often
contain two or three Baltic tills and possibly one
or two tills of Fennoscandian provenance each
presumably deposited by individual icesheets.
Therefore, the conclusions presented by V. and

8 Pleistocene stratigraphy

K.Milthers should be regarded with some scepti-
cism. However, indicator counts will often pro-
vide important information on the erratic com-
position of tills present in any cliff site of gravel
pit.

The stratigraphic evidence of the present inves-
tigation suggests, that the East Jylland Till was
deposited by the Young Baltic ice stream which
reached the East Jylland Ice border line and that
a readvance of this icesheet deposited the
Belthav Till from the E, SE and SW in area 15.
The maximum extension of this readvance is pro-
posed to lie between South Samsg and Endelave
going in a SW-NE direction through North Samso
turning eastward and southeastward towards Sej-
er.

CONCLUSION
Four tills interbedded with outwash, deposited by
northward and south-westward flowing meltwa-
ter currents, are present in area 15 (fig. 105).
The Lillebelt Till is separated from the Mid
Danish Till by fine grained, marine Eemian de-
posits. The Mid Danish Till and its associated gla-
ciotectonic unconformaties, indicating ice press-
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Fig. 94: Simplified lithological logs, area 16, Sejerg Bugt -Saltbazk Vig.

ure from the northeast, is overlain by the East
Jylland Till deposited by an ice sheet from the
SE. This is succeeded by the Belthav Till which
was deposited during a readvance of the Young
Baltic ice stream which had previously reached its
maximum extension along the East Jylland Ice
border line.

5.16 AREA 16: SEJER(® BUGT-SALTBEK
VIG (locs 154-162, fig. 44) ’

Area 16 comprises the coastal areas of NW-Sjzl-
land from Ordrup Nes to the base of the Rdsnas
peninsula and the islands of Sejerg and Nekselg.
The landscape takes the form of a rather smooth
till covered plane upon which submarine ridges
forming Nekselg and Sejerg, and their inland
continuation in the form of ice marginal hills are
found. Except for loc. 162, which constitutes sev-
eral gravel pits, all localities are placed along
coastal cliffs.

PREVIOUS INVESTIGATIONS
Rgrdam and Milthers (1900) suggest correlation -
between the surface tills of NW and NE-Sjzlland
which are both characterized by Fennoscandian
and Baltic clast composition. V.Milthers (1900)
describes the archshaped hills of Vejrhgj and
Rgsnzs as ice marginal hills and the area between
them as an interlobate area generated between a
western and an eastern ice lobe. V.Milthers
(1932) suggests, that the elongated hills of Sejerg |
should be interpreted as drumlins formed by
movement from the SE by the last ice sheet co-
vering the area. _

S.A.Andersen (1964) indicated, that dead ice
masses filled the area around Sejerg during the
Résnas advance; this was also proposed by Gry
(1952). During this advance a glacier lying south
of Resnas deposited outwash material upon the
dead ice masses of the former, Young Baltic ice
sheet.

Houmark-Nielsen (1980, 1981, 1983c) suggests
the presence of three Weichselian tills interbed-
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ded with waterlaid deposits in the area; 1) a lower
Fennoscandian (and Baltic) till deposited by an
ice sheet from the NE which presumably incorpo-
rated local bedrock (Baltic till material) to a large
extent. 2) the NE advance was succeeded by an
advance from southeasterly direction which could
have reached the East Jylland Ice border line and
deposited a till of intermediate to Baltic clast
composition. Finally 3) an ice stream (the
Bzlthav advance) deposited a Baltic till from the
south west in the western part of the area and
from the south east in the eastern part.

STRATIGRAPHY
Simplified lithological columns from individual
localities are shown in fig. 94 and correlated and
presented for the whole area in the data chart of
fig. 95.

Two grey, massive, clayey tills of Baltic clast
composition constitute the oldest till in the area.
In accordance with the stratigraphic model, one

g*
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162b: LILLE LOGTVED

161 HVIDEKLINT

with negligable re-deposited Quaternary forami-
nifera (loc. 161) is correlated with the Lillebzlt
Till and one containing a Y-foraminiferal accu-
mulation (loc. 154) is correlated with the Ristinge
Klint Till. The latter is also found at the principal
locality: 8 Kongshgj on Sejerg. Still referring to
the stratigraphic model the brown to grey,
clayey, massive, quartz poor, Fennoscandian till
(locs 155, 156) with an X-foraminiferal accumula-
tion and a fabric indicating ice flow from the
north (fig. 96); N-(B1-X) is correlated with the
Kattegat Till.

This till is overlain by a grey to brown, massive,
quartz poor, Fennoscandian till (locs 157, 158,
159, 160) occasionally containing an X-foraminif-
eral accumulation and with a fabric indicating ice
flow from the north-east; NE-(B1-X): The Mid
Danish Till.

Waterlaid outwash, deposited by northward
and south-westward directed meltwater streams
(locs: 155, 159) separate the Mid Danish Till
from the overlying, brown, massive and banded
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Fig. 95: Glacial stratigraphic data chart, area 16, Sejerg Bug-Saltbak Vig. Till units shown in fig. 43.
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Fig. 96: Kattegat Till overlain by sandy outwash material from
the Balthav Readvance. loc. 156a, Hvideklint.

clayey, quartz poor till of Baltic and intermediate
clast composition (locs 154, 156, 158) with a fab-
ric indicating ice flow from an east-south-easterly
direction; ESE-(B/2): The East Jylland Till.

This till is separated by outwash and glaciotec-
tonic unconformities, indicating ice pressure
from the SW (locs 154, 157, 158) and the SE (loc.
169), from the overlying brown, massive, clayey,
quartz poor, Baltic till (locs 154, 157) with fabrics
indicating ice flow from the SW in the coastal
areas; SW-(B2): The Bealthav Till. Waterlaid
proximal outwash, deposited by westward mov-
ing meltwater streams overlies the Belthav Till or
replace the till laterally.

DISCUSSION

Unfortunately the stratigraphic relationships be-
tween the three older tills have not been found
exposed in area 16. It seems possible, however,
that the Lillebalt Till is present in the southern
part of the area. Apparently the Ristinge Klint
Till and the Kattegat Till overlap each other in
the area, but their age relationship is only indi-
cated at loc. 185 (area 19) where conditions sug-
gest, that the Kattegat Till is the younger of the
two. According to the data from the principal lo-
cality 8: (Kongshgj) Sejerg the Ristinge Klint Till
overlies limnic deposits of Middle Weichselian
age (Sejerg interstadial).
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On the coastline north-east of Ordrup Nes the
East Jylland Till is overlain by proximal outwash
material which coarses upwards and was deposi-
ted in front of the classical terminal moraines of
NW-Sjelland. It is therefore suggested, that the
ice sheet which deposited the younger and the
upper, Baltic tills (the Belthav advance) in area
16, found its maximum extension along the Vej-
rhoj ice marginal hills in the coastal area. It is
also suggested that its continuation westward
along Ordrup Nes follows the submarine ridges
and Sejerg towards Samsg. A readvance of the
Bezlthay ice stream along the Rgsnas peninsula
(cf. Berthelsen 1975) towards the Bjergsted area
gave rise to the final form of the ice marginal hills
of NW-Sjzlland and caused deposition of prox-
imal outwash deposits forming the Salbzk Vig
sandur,

CONCLUSION

Apart from the possible presence of the Lillebalt
Till, five Weichselian tills, interbedded with wa-
terlaid material, have been observed in area 16
(fig. 105); this includes the data of the principal
locality 8: Kongshaj, Sejera.

The Ristinge Klint Till and the Kattegat Till
are both overlain by the Mid Danish Till which
was deposited by an icesheet from the NE. It is
overlain by the East Jylland Till which was depos-
ited from the ESE by the Young Baltic ice sheet.
A recessional (Balthav) advance of this ice sheet
deposited the Belthav Till in all but the north-
eastern part of area 16, where proximal outwash
was deposited in front of the ice margin.

5.17 AREA 17: SJELLANDS ODDE-
NYK@BING (locs 163-171)

Area 17 is dominated by the roughly north-south
trending ice marginal hills of NW-Sjelland. For-
mer islands consisting of glacial deposits have
been linked together by Postglacial, marine de-
posits forming Sjzllands Odde towards the west
and the Nykgbing-Rorvig peninsula to the east.
Localities are placed at coastal cliffs (locs 163,
164, 165. 167, 171) and inland gravel pits situated
in the ice marginal hills (locs 168, 169, 170).



118

Area17: SUZELLANDS ODDE-NYK@BING

T I+

cly; Sa Gravel Til
163: GNIBEN

DIRECTION OF

164: YDERBY NORDSTRAND

166: EBBELOKKE

1653 & b: YDERBY
SYDSTRAND

MEASURED £ GLACIOTECTONIC ICE FLOW DIRECTION
. FOLD AXIS . THRUST lzl ICE DEFORMATION 1 UNCONFORMATY (TILL FABRIC
CONSTRUCTED FAULT (GLACIOTECTONICS) 1 RANGE OF DEFORMATION ANALYSES)

RIBBLE DRIFT  ESZ77] TROUGH CROSS- MASSIVE CLAYEY TILL
- LAMINATION PLANE BEDDING SAMPLE NUMBER m TERTIARY
=20 PLANE <) TABULAR CROSS- IMBRICATION [} saNDY BANDED TILL DEPOSITS

PALEOCURRENT
DIRECTION °

: BALT

A: QUARTZ RICH B'QUARTZ POOR
1: FENNOSCANDIAN 1C

0,X,Y,2: REDEP. QUART FORAMINIF,

Fig. 97: Simplified lithological logs, area 17, Sjzllands Odde-Nykgbing.

PREVIOUS INVESTIGATIONS

Rgrdam and Milthers (1900) present stone counts
from the upper till of NW-Sjelland, and suggest
that this till was deposited by the Baltic ice sheet
which also deposited the upper till of NE-Sjzl-
land. V.Milthers (1900) accounted for the genesis
of the elongate N-S trending hills of the area by
interpreting the “gravel plains” towards the west
as an outwash plain. The formation of the hills
was ascribed to active glacier push from eastern
directions, upon which dump moraines were de-
posited, and, east of the ridges, the narrow and
shallow fjords were interpreted as subglacial de-
pressions.

According to K.Milthers (1942), who counted
indicator boulders in beach gravels, it can be con-
cluded, that nowhere in the area can a proponde-
rance of Baltic indicators be found. On the con-
trary, the counts from Sjzllands Odde show a
predominance of Norwegian indicators followed
by Dala rocks, and with a fair representation of
the Kinnekulle diabase from Middle Sweden.

V.Milthers (1948) suggests, that Sjzllands
Odde constitutes the continuation of the previ-
ously described ice marginal zone. Andersen
(1950) on the other hand suggests, that the ice

marginal zone takes a course eastward towards
the coast of NE-Sjzlland.

Houmark-Nielsen (1980, 1981, 1983c) indi-
cates the presence of four tills separated by out-
wash deposits in the area. A lower, Fennoscan-
dian till deposited by an ice sheet from the north
is overlain by a Fennoscandian till deposited by
an ice sheet from the NE. This till is overlain by a
Fennoscandian till deposited by an ice stream
from easterly directions. Glaciotectonic uncon-
formities on Sjzllands Odde, indicating ice press-
ure from the SE, were associated with this ice ad-
vance, which presumably reached the East Jyl-
land ice border line. A Baltic till deposited by an
icesheet from south-easterly directions is present
behind (east of) the classical ice marginal hills of
the area. The internal structure of these hills indi-
cates, that the ice pressure from the E and SE
took place after the deposition of the third Fen-
noscandian till, thus suggesting, that the devel-
opment of the ice marginal hills and the deposi-
tion of the upper, Baltic till took place during the
Bzlthav re-advance.
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STRATIGRAPHY

Simplified lithological columns from individual
localities are shown in fig. 97 and correlated and
presented for the whole area in the data chart of
fig. 98.

The oldest till of the area, the lower boundary
of which is not exposed, is a grey, clayey, gener-
ally massive, quartz poor, Fennoscandian till
(locs 163, 164, 165, 166) containing an X-for-
aminiferal accumulation and with a fabric sug-
gesting ice flow from the north; N-(B1-X): The
Kattegat Till. It is overlain by outwash, deposited
by northward moving meltwater streams and sep-
arated from the overlying till by glaciotectonic
unconformities (locs 164, 165, 166) indicating ice
pressure from the NE. The discordant till is a
brown to grey, clayey, massive and banded,
quartz poor, Fennoscandian till with fabrics in-
dicating ice flow from north-easterly directions
and with insignificant amounts of re-deposited
Quaternary foraminifera; NE-(B1-0): The Mid
Danish Till.

Sandy and gravely outwash material, with a
tendency to fine upwards and deposited by west

and north-westward moving meltwater streams, .

separate the Mid Danish Till from the overlying

169: HOJBY S

170: ASNASNE 171: RORVIGS

brown, mostly massive, quartz poor, Fennoscan-
dian till which contains a fabric suggesting ice
flow from an easterly direction. This E-till of B1
composition corresponds to the North Sjalland
Till. In the eastern part of the area (locs 169, 170,
171) the North Sjelland Till is overlain by prox-
imal outwash deposits and superimposed by gla-
ciotectonic structures indicating ice push from the
ENE, E and SE. These deposits are unconfor-
mably overlain by a brown, massive, clayey,
quartz poor, Battic till (loc. 171) with a fabric in-
dicating ice flow from southeast; SE-(B2): The
Bzlthav Till. Glaciotectonic structures which af-
fect the Kattegat Till (fig. 99) and the Mid Danish
Till (loc. 165) are ascribed to an ice stream trans-
gressing the area from the SE after the deposition
of the Mid Danish Till but prior to the deposition
of the Bzlthav Till and the forming of the ice
marginal hills of NW-Sjzlland.

DISCUSSION

During the retreat of the ice sheet which deposi-
ted the Mid Danish Till deglaciation gave rise to
deposition of outwash sediments by north-west-
ward moving meltwater streams. This deglacia-
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Fig. 99: Kattegat Till folded from the SE and overlain by Post-
glacial, marine deposits, loc. 165a, Yderby Sydstrand.

tion was interrupted by the transgression of an
icesheet which deposited a Fennoscandian till
from easterly directions (the North Sjzlland
Till). Recently (Houmark-Nielsen 1980, 1981,
1983c), the deposition of this till from the E was
tentatively connected with the deposition of the
East Jylland Till from the SE west of area 17.
This was according to the assumption that the ice
sheet which reached the East Jylland ice border
line on Mols, had its right flank travelling due
east across North Sjzlland. This ice sheet was as-
sumed to be carrying clast material picked up fur-
ther upstream outside (NE of) the area in SE-
Sweden and the Baltic which is characterized by
bedrock mostly composed of Paleozoic limestone
rocks. This model for the East Jylland ice sheet is
however no longer prefered. This is due primarily
to the regional distribution of the younger Fen-
noscandian and Baltic tills and the directional
properties associated with these tills as indicated
by the present investigation.

Even though a Baltic till cover has not been
found on Sjzllands Odde west of the classical ice
marginal hills of Odsherred, and the indicator
counts of K.Milthers’ suggest, that a possible
Young Baltic till cover is sparsely represented
here, it is suggested, that the icestream, which
reached the East Jylland iceborder, transgressed
the area from the SE (as recorded at loc. 165 and
the previously described area 16) and during de-
glaciation a readvance deposited the Belthav
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Till. This readvance found it maximum extension
along the ice marginal hills of Odsherred.

CONCLUSION

Four tills interbedded with outwash material de-
posited by generally north and north-westward
flowing meltwater streams have been recognized
in area 17 (fig. 105).

The oldest (Kattegat Till) was deposited by an
icesheet advancing from northerly directions and
was succeeded by a deglaciation phase during
which a northward directed meltwater drainage
pattern prevailed. The Mid Danish Till was de-
posited by an ice sheet from the NE; it unconfor-
mably overlies the above mentioned deposits,
which have undergone glaciotectonic deforma-
tion from the NE. Sandy and gravely outwash,
deposited by west and north-westward directed
meltwater streams, separate this till from the
overlying North Sjzlland Till which was deposi-
ted by an ice sheet from the E and overlain by
proximal outwash material deposited by west-
ward flowing meltwater. The outwash deposits
was glaciotectonically disturbed from easterly
and south-easterly directions by an ice sheet,
which deposited the Balthav Till. Presumably
this ice sheet previously occupied the whole of
the area during the East Jylland glacial phase. At
a later (Bzlthav-) stage a readvance caused the
formation of the ice marginal hills of NW-Sjal-
land, which can be connected with those across
Storebalt to Samsg.

5.]8 AREA 18: TUSE NAES-HORNSHERRED
(locs 172-180, fig. 44)

Area 18 is located in the central part of North
Sjelland comprising the land around Holbak
Fjord, Isefjord and west of Roskilde Fjord. The
landscape is characterized by kames and other
dead ice topographic features situated on a till
covered surface. Localities are placed in coastal
cliff sites (locs 173. 175) and at gravel pits and
construction sites (locs 172, 174, 176, 177, 178,
179. 180).

PREVIOUS INVESTIGATIONS
Rerdam (1893, 1899) and R¢rdam and Milthers
(1900) recognized a lower and an upper till separ-
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Fig. 100: Simplified lithological logs, area 18, Tuse Nas-Hornsherred.

ated by waterlaid material. Supported by obser-
vations of glacially striated bedrock and - boulder
pavements in the vicinity of Copenhagen (Rgr-
dam 1899) it was suggested, that an older ice ad-
vance from the north and north-east deposited
the lower till during the first iceage and a younger
ice sheet from the second (last) glaciation deposi-
ted the upper till from south easterly and south-
erly directions.

V.Milthers (1935) suggested, that the lower till
was not necessarily deposited by an earlier ice ad-
vance than the upper till, and the meltwater de-
posits interbedding the tills could represent de-
position during smaller oscillations of the same
icesheet. Andersen (1933) indicates, that the de-
position of the Skuldelev esker by meltwater
draining northwards was initiated when the
Young Baltic ice stream was no longer active.

K.Milthers (1942) suggests the presence of ol-
der till material dominated by Norwegian indica-
tors covered with deposits from the Dala-Baltic
glacial phase.

Houmark-Nielsen (1980, 1981, 1983c) suggests

the presence of four Weichselian tills interbedded
with waterlaid material in the area; three Fen-
noscandian tills deposited by ice streams from the
north, north-east, and east respectively, and
overlain by a Baltic till deposited from south east-
erly directions. The two younger tills were as-
cribed to two phases of the Young Baltic glacia-
tions: 1) during the older phase an ice stream ad-
vanced from the E and is assumed to have
reached the East Jylland ice border and 2) a
younger phase (the Bzlthav phase) in which an
ice sheet invaded the area from south-easterly di-
rections and remained south and east of the ice
marginal zone of Odsherred.

STRATIGRAPHY
Simplified lithologic columns from each locality
are shown in fig. 100 and correlation and presen-
tation of stratigraphic units for the whole area is
shown in the glacial stratigraphic data chart fig.
101. '

The oldest till in the area overlies proximal
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outwash material (locs 176, 178, 179) deposited
by southward moving palaeostreams; deltaic de-
posits at Kyndby (loc. 179) was especially treated
from a sedimentological point of view by Clem-
mensen and Houmark-Nielsen (1981). The till is
a grey to brown, clayey, massive and banded,
quartz poor, Fennoscandian till (locs 175, 176,
177, 178, 179, 180) containing an X-foraminiferal
accumulation and with a fabric indicating ice flow
from the northeast; NE-(B1-X): The Mid Danish
Till. It is overlain by generally coarse grained
outwash with a tendency to fine upwards which
was deposited by northward flowing meltwater
streams. These deposits have been subjected to
glaciotectonic disturbances from easterly direc-
tions (fig. 33), and are unconformably overlain
by a brown, clayey massive, quartz poor, Fen-
noscandian till (locs 172a, 173, 175, 180) with fab-
rics indicating ice flow from the east; E-(B1): The
North Sjzlland Till (fig. 102). It is overlain by
proximal outwash material with a tendency to
coarsening upwards which was probably deposi-
ted by north-westward- flowing meltwater

178: SELSO KLINT

180: LYNGERUP

179: KYNDBY

streams. This sequence and the underlying de--
posits have undergone glaciotectonic deforma-
tion from southerly and south-easterly directions
and is unconformably overlain (locs 172b & c,
174, 175, 176, 178, 179, 180) by a brown, mas-
sive, clayey, quartz poor, Baltic till (fig. 93) with
fabrics indicating ice flow from southeasterly di-
rections; SE-(B2): The Belthav Till.

DISCUSSION
After a critical review of till fabric diagrams from

“the lower till of the area (locs 175, 180) shown by

Houmark-Nielsen (1980) it seems no longer pos-
sible to identify the lower till as that deposited by
an ice sheet from the north and to separate it
from the till deposited by the NE-ice stream. Be-
cause of this and the presence of fairly large
quantities of Kinnekulle diabase at the localities
in question (175, 180), the lower till is correlated
with the Mid Danish Till.

The North Sjzlland Till was previously re-
garded as having been deposited by the East Jyl-
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Fig. 101: Glacial stratigraphic data chart, area 18, Tuse Nzs-Hornsherred. Till units shown in fig. 43.

land icesheet (Houmark-Nielsen 1980, 1981,
1983a), however, due to its directional properties
and Fennoscandian clast composition the till is
now regarded as having been deposited by an ice
stream after the deposition of the Mid Danish Till
but prior to the transgression of the Young Baltic
ice sheet.

CONCLUSION
Three till units interbedded with outwash depos-
its are present in area 18 (fig. 105).

Southward flowing meltwater streams deposi-
ted the lower waterlain sequence during an ice
free interval between the ice advance from the
north and that from the north-east; the latter of
which deposited the Mid Danish Till. The degla-
ciation of the NE-ice caused the formation of out-
wash material deposited from northward flowing
meltwater streams. A readvance of this ice sheet
probably led to the deposition of the North Sjzl-
land Till from the east and was succeeded by the
Young Baltic glacial phase, which deposited the
Belthav Till.
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Fig. 102: North Sjelland Till (N) and Beelthav Till (B) separ-
ated by finegrained waterlaid material, loc. 180, Lyngerup. See
also fig. 42,

5.19 AREA 19: FREDERIKSSUND-ARRES(®
(locs 181-189, fig. 44)

Area 19 is situated between Frederikssund in the
central part of Roskilde Fjord and Hundested
and Tisvildeleje on the Kattegat coast of Hals-
nas. The area is characterized by rather hilly
country connected by postglacial marine deposits
and separated by Roskilde Fjord and Arrese. Lo-
calities are placed at coastal cliff sites (locs 181,
185, 188, 189) and gravel pits (locs 182, 183, 184,
186, 187).

PREVIOUS INVESTIGATIONS

Rordam (1893) indicate the presence of two till
beds, a lower till characterized by Norwegian in-
dicators and molluscan fragments from the older
Yoldia clay of Vendsyssel and an upper till char-
acterized by Baltic indicators. The tills are separ-
ated by waterlaid material.
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Andersen (1950) assumes, that those parts of

the lower till, which according to Rerdams’
(1893) stone counts contain large amounts of Pal.
limestone should be correlated with the Old Bal-
tic till of Ristinge Klint.
Petersen and Konradi (1974) and Sjerring (1973,
1974) indicate on the basis of analyses of re-
deposited Quaternary foraminifera, that the
lower till of NE-Sjzlland carries a characteristic
(X-) accumulation comparable with the forami-
niferal fauna found in the arctic zones of the Skee-
rumhede sequence (cf. Bahnson et al. 1974) thus
indicating a Weichselian age. Sjérring (1974) and
Jensen (1977) show, that a readvance of the ice
sheet which deposited the lower till caused defor-
mation of the till and overlying waterlaid material
from northerly directions on the Halsnzs penin-
sula.

In the region immediately east of area 19 Ber-
thelsen (1974) and Rasmussen (1974) suggest the
presence of three tills younger than the lower till
and deposited by ice streams from the NE, E and
SE respectively. Sjorring (1973, 1974) and Jensen
(1977) suggest, that the ice stream from the E
should be regarded as a readvance of the NE-ice.
Houmark-Nielsen (1980) disagrees with this the-
ory suggesting, that the ice advance from the E
was part of the Young Baltic glacial phase which
reached the East Jylland ice border line. Con-
trary to Sjgrring (1974) and Jensen (1977) Hou-
mark-Nielsen (1980) finds evidence on the Hals-
nes peninsula for the presence of a Baltic till de-
posited from south-easterly directions by an ice
sheet younger than that one from the east.

Houmark-Nielsen (1980, 1981, 1983¢) sug-
gests, that a supposedly Saalian till (the Palaco-
baltic till) is overlain by the so-called Norwegian
till of Fennoscandian composition and Weichse-
lian age deposited by an ice-sheet from the north.
Fine grained outwash. deposit by northward
moving meltwater streams separates this till from
the overlying, Fennoscandian NE-till. This is
overlain by a Fennoscandian E-till and succeeded
by the Belthav ice-advance. which deposited the
upper, Baltic till from south-casterly directions.

STRATIGRAPHY
Simplified lithological columns of each locality
are shown in fig. 103 and units are presented and
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Fig. 103: Simplified lithological logs, area 19, Frederikssund-Arresg.

correlated on the glacial stratigraphic data chart
(fig. 104).

The oldest till in the area (loc. 185a), overlying
sandy meltwater deposits, is a grey, clayey, mas-
sive, quartz poor Baltic till containing a Y-for-
aminiferal accumulation (B2-Y) suggesting, that
it could correspond to the Ristinge Klint Till. It
has undergone glaciotectonic deformation from a
northerly direction. It is presumably older than a
grey, clayey, generally massive, quartz poor,
Fennoscandian till (locs 181, 185b, 188) with fab-
rics indicating ice-flow from the north and con-
taining an X-foraminiferal accumulation;
N-(B1-X): The Kattegat Till. Apparently this till
has undergone glaciotectonic deformation from
the north before deposition of the overlying, fine
grained outwash. This outwash was deposited
first by southward later northward flowing melt-
water streams. This sequence is unconformably
overlain by a grey, clayey, massive and banded,
quartz poor, Fennoscandian till (locs 182, 186a,
189) with fabrics indicating ice flow from the
north-east and containing an X-accumulation;
NE-(B1-X): The Mid Danish Till. It is overlain
by proximal outwash, deposited by south west

moving palacostreams and unconformably over-
lain by a brown, banded and massive, clayey,
quartz poor, Fennoscandian till (locs 183, 185a,
186a) with fabrics indicating ice flow from east-
erly directions; E-(B1): The North Sjzlland Till.

Proximal outwash deposits, overlying the
North Sjzlland Till and older deposits in the
area, have undergone glaciotectonic deformation
from the south-east and the south (locs 183, 186).
These are unconformably overlain by a brown,
banded and massive, clayey, quartz poor, Baltic
till (locs 181, 182, 183, 184, 186, 187, 188, 189)
with fabric indicating ice flow from southeasterly
and southerly directions SSE-(B2): The Balthav
Till. This till has been folded and thrusted by ice-
pressure from a south-south-westerly direction
(loc. 183).

DISCUSSION

Houmark-Nielsen (1980) indicated that the so-
called Palaeo-baltic till was present in the area,
however, renewed investigation of the foraminif-
eral accumulation from the Baltic till at Kulhuse
(loc. 185a) suggests that it can be characterized as
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a Y-accumulation; because of which it is corre-
lated with the Ristinge Klint Till. In consequence
of this correlation, it must be suggested, that the
Fennoscandian till found further south (loc.
185b) was deposited by the same ice sheet which
dislocated the Ristinge Klint Till from the north
(at loc. 185a) and apparently also caused defor-
mation of the Kattegat Till during a readvance re-
corded 1.5 km towards the NW at Lynes, Hals-
nzs (Jensen 1977). This readvance presumably
caused the development of a large Gilbert-type
.delta in the central part of Hornsherred at
Kyndby (Clemmensen & Houmark-Nielsen
1981).

The Mid Danish Till is only sparsely repre-
sented in the area, however, at some sites it is
overlain by the North Sjalland Till. The latter till
contains a Fennoscandian clast composition and
shows a westward directed pattern of movement
and must therefore be regarded as having been
deposited either by a readvance of the NE-ice or
an independent ice stream having no connection
with the Young Baltic phase as already stated by
Sjerring (1974).

The Belthav Till was deposited by the Young

187: ARRENAKKE

189: HELENEKILDE

188 s: NODEBO HUSE
188 b: HYLLINGEBJERG

Baltic ice sheet, it has not been possible however
to recognize the two phases found in the Samsg
and Sejerg areas. The two deformational phases
recorded at loc. 183 and separated by the deposi-
tion of the Balthav Till could however be inter-
preted as the result of a glacier advance followed
by a regressive advance after the deposition of
the Belthav Till.

CONCLUSION

Five Weichselian tills interbedded with outwash
material have been identified in area 19 (fig.
105).

The oldest is the Ristinge Klint Till overlain by
the Kattegat Till both of which have been dislo-
cated by an ice sheet readvance from the north.
Fine grained waterlaid deposits separate these
tills from the Mid Danish Till, which in turn is
overlain by the North Sjzlland Till. This till is
overlain by the Bzlthav Till sporadically glacio-
tectonically disturbed by a readvance of the
Young Baltic icesheet.
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Fig. 104: Glacial stratigraphic data chart, area 19, Frederikssund-Arresg.




6. PLEISTOCENE STRATIGRAPHY
IN THE CENTRAL PART OF
DENMARK

This section deals with the lithostratigraphic de-

scription of till units found in the examined re-
gion. Post-Holsteinian till units are formally erec-
ted into Formations on the basis of lithology and
-boundaries, moreover the historical record, the
mapped distribution and the possible age will be
-considered.

* Maps present distribution, directional el-

ements and glaciotectonic boundaries for each of- -

the described till units. Special emphasis is placed
on the presentation of clast petrographic prop-
erties and directional elements. Especially the
latter feature is strongly related to the advance,
standstill and deglaciation pattern of the ice
sheets, which deposited individual till units.
Therefore not only the distribution of units and
their internal directional elements are pictured,
but also the presence of glaciotectonic unconfor-
maties indicating the direction of glacier defor-
mation related to the ice stream which deposited
a certain till unit, is shown.

A lithostratigraphical scheme covering the ex-
amined 19 areas and their contained principal lo-
calities within the central Danish region is shown
in fig. 105. 12 lithostratigraphic till units have
been identified covering the Elsterian-, the Saa-
lian and the Weichselian glaciations respectively.
Till units are interbedded with glaciofluvial or
-lacustrine outwash sediments. Age determinated
and biostratigraphically classified interglacial-in-
terstadial deposits separate deposits of each of
the glacials.

Erected Till Formations are extended to cover
informal till units described from extraregional,
Danish localities as well as tills found outside the
country.

6.1 LITHOSTRATIGRAPHIC
CLASSIFICATION OF TILL FORMATIONS

SONDER VISSING TILL

This till is named Sgnder Vissing till after the lo-
cality at which it is found. There is apparently no
historical record in the literature of this till within
the examined region.

9 Pleistocene stratigraphy
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TYPE SECTION

The Se¢nder Vissing Sand quarry (loc. 33, figs 44,

51) close to Sender Vissing between Silkeborg
and Skanderborg is the only locality, at which the
Sgnder Vissing Till has been observed.

LITHOLOGY

Sender Vissing Till is brown, very sandy and mas-
sive and more than 2 m thick (fig. 106). A fine
gravel analysis shows a little less than twice as
much quartz than flint (42% and 26%). Appar-
ently the original limestone content has been re-
moved by decalcification. The till is also charac-
terized by numerous indicator erratics of the Oslo
district found in situ. Due to the limited exposure
no textural properties have been attributed to
this till.

BOUNDARIES

~ S¢nder Vissing Till is bound upwards by Trelde

Nes Till (fig. 106) and it is separated from Terti-
ary quartz sand and -gravel by less than 2 m of
glaciofluvial material containing a pronounced
ventifacted horizon, of pebbles and stones. .

DISTRIBUTION

Even though the Sgnder Vissing Till has only
been found at one locality, its distribution is
thought to be much wider than the reglon exam-
ined.

AGE
Till units of certified pre- Holstemlan age in the

‘examined region have similar quartz/flint rela-

tionships to the Sgnder Vissing Till. The over-
lying till at the type section (Trelde Nzs Till) has
proved to relate to the earliest Saalian advance.
It is therefore reasonable to assume that the Sgn-
der Vissing Till was deposited during the Elster-
ian glaciation, even though a greater age can not
entirely be ruled out.

e

CORRELATION )

Since the lithological properties and the bound-
ing conditions of the Sgnder Vissing Till are not
known in detail, correlation with other pre-Hol-
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Fig. 106: Sonder Vissing Till (S) overlain by meltwater sand and
gravel and Trelde Nas Till (T), loc. 33, Sender Vissing,

steinian tills is somewhat speculative. However,
it can be concluded, that on the basis of fine
gravel analyses and when compared with similar
counts made by Ehlers (1978), tills of supposed
Elsterian age have been found in western Jylland
(Sjerring & Frederiksen 1980). Based on obser-
vations of Oslo indicators associated with such
tills Sjorring (1981) suggests, in accordance with
the older literature (cf. Madsen et al. 1928), the
presence of a Norwegian till of Elsterian age in
West Jylland. The Sender Vissing Till is therefore
correlated with this Norwegian till. Unfortu-
nately, it is not possible to correlate the Sender
Vissing Till with any tills of suggested Elsterian
age described from the central part of Jylland
(Kronborg 1983).

The Seénder Vissing Till can, on the same
rather loose grounds, be correlated with the
lower, Norwegian till of the Elsterian described
from northern Germany (Ehlers et al. 1984).

6.2 PALSGARD TILL
This till is named Palsgard Till after the manor
adjacent to the type section (loc. 2, Ashoved).

HISTORY

At Trelde Nzs (loc. 1) Hartz and @strup (1899)
recognized a grey. clayey till bed underlying in-
terglacial lake deposits. that are of the Holstei-
nian Interglacial (S.Th.Andersen 1965, 1967,
pers.comm.). Madsen et al. (1928) and Madsen
and Nordmann (1940) correlated till A (lower-
most till) at Regle Klint (loc. 3) with the till un-
derlying marine Holsteinian deposits in the Esbj-
erg area. Sjerring and Frederiksen (1980) sug-
gest, on the basis of the fine gravel analysis, that
the pre-Holsteinian till at Trelde Neas and Till A
at Rogle were deposited during the Elsterian.

TYPE SECTION
Ashoved (loc. 2, figs 7, 12): Where the till and its
upper boundary is well exposed in a cliff section.

REFERENCE SECTION

Trelde Nes (loc. 1, fig. 8): Here a pre-Holstei-
nian age is demonstrated in a well exposed cliff
section.

LITHOLOGY

The Palsgard Till is more than 2 m in thickness,
grey. clayey to sandy and it appears both banded
and massive (fig. 107). Fine gravel analyses show
about twice as much quartz than flint (29-20%
and 17-9% respectively) and exotic stone counts
(loc. 2, fig. 13) revealed Fennoscandian clast pro-
venance (16% Pal.limestone). In addition several
Kinne- diabase indicators were found in situ. Due
to the strongly disturbed nature of the till no tex-
tural properties are included in this description.

BOUNDARIES (fig. 105)

Apart from waterlaid outwash material, the Pal-
sgard Till is upward bound by the Trelde Nes
Till. Glaciotectonic unconformaties indicating ice
pressure from the north and associated with the
deposition of the Trelde Nas Till, may also con-
stitute the upper boundary (locs 1: Trelde Nes, 2:
Ashoved). At the former locality the till is over-
lain by limnic Holsteinian deposits. Assuming
corrrespondance between Palsgard Till and the



lower till (Till A) at Rggle, the Tellina clay may
also constitute the upper boundary.

The lower bounding unit is composed of Terti-
ary clay (locs 1 & 2).

DISTRIBUTION

Because the till is only found in very few lo-
calities, its exact distribution can not be outlined,
however, it is estimated that it has a much wider
distribution than the area of the examined re-
gion. As the clast provenance of the till is Fen-
noscandian and it contains associated Middle
Swedish indicators (Kinne- diabase) is it sug-
gested, that the Palsgérd Till was deposited by an
ice stream from north-easterly directions.

AGE

As the presumably, oldest Saalian till (Trelde
Nas Till) overlies the Palsgard Till at localities
where this till is found and because it underlies
limnic Holsteinian deposits at Trelde Nas (loc.
1), it is estimated that the Palsgard Till has a pre-
Holsteinian age. Even though the till rests on
Tertiary clay, and interglacial/interstadial depos-
its of Harreskovian or early Elsterian age have
not been found to underlie the till, an Elsterian
age is proposed. However, a greater age can not
entirely be excluded.

133

CORRELATION

On the basis of the data presented above, it has
been difficult to correlate Palsgard Till with ex-
traregional till units of presumed Elsterian age
described in the literature.

North of the examined region the Palsgard Till
is tentatively correlated with the lower till of Ru-
gard on the east coast of Djursland (Kronborg &
Knudsen 1985); in spite of the extreme low
quartz content and very high values of flint con-
tained in this assumingly pre-Holsteinian till.

6.3 SNOGH@®J TILL

This till is named after the hamlet of Snoghgj in
Jylland immediately west of the old Lillebzlt-
bridge south of Fredericia. The till has apparently
not previously been described in the literature
from the examined region. However, V.Milthers
(1939) mentions the presence of a Baltic, pre-
Holsteinian till in the Brande area. central West
Jylland.

TYPE SECTION

Loc. 70: Sgnderskov-Snoghgj (figs 44, 66) is the
only site at which the Snoghgj Till has been ob-
served.

LITHOLOGY

The Snoghgj Till is more than 2 m thick, grey to
brown, clayey and both massive and banded (fig.
108). Fine gravel analyses show about 20%
quartz and less than 10% flint (fig. 67). Exotic
stone counts demonstrate Baltic clast provenance
(25% Pal.limestone). The till has not been found
to contain re-deposited Quaternary foraminifera
in noteworthy quantities.

BOUNDARIES (fig. 105)

The Snoghej Till is upward bound by the Trelde
Nas Till. Waterlaid outwash material separates it
from underlying Tertiary deposits.

DISTRIBUTION

Because the Snoghej Till is exposed at just one
site. its distribution within the examined region is
highly ambigous. However, the till in question
can be compared with extra-regional till units, on
which grounds its distribution must lie far beyond
the examined region. It is suggested, on the basig
of clast composition, that the Snoghej Till was
deposited by a Baltic ice stream.
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Fig. 108: Snoghej Till. loc. 70, Senderskov-Snoghs).

AGE

The Snoghgj Till is overlain by the presumably
oldest Saalian till, and its quartz/flint relationship
equals that of other tills older than the Trelde
Nas Till, therefore, a pre-Saalian age is sug-
gested. Even though it could have been deposited
during older glaciations, it seems most reason-
able to propose an Elsterian age for the Snoghgj
Till.

CORRELATION

Even though lithostratigraphical data are sparse,
Snoghej Till is correlated with the Baltic, quartz-
rich and flint-poor till supposedly deposited by an
icesheet from easterly directions in western Jyl-
land during the Elsterian (V.Milthers 1939, Sjor-
ring 1981). In addition, the till is tentatively cor-
related with the till deposits of Baltic composition
appearing at the surface in the so-called Baltic
enclave (V.Milthers 1955) in western, central Jyl-
land, which, according to Sjgrring (1983), most
probably belong to the Elsterian.

The Snoghgj Till is also correlated with the
proposed pre-Holsteinian till largely containing
twice as much quartz than flint and deposited by
an ice sheet from easterly directions described
from Gyldendal in the western Limfjord region
(Jensen & Knudsen 1984).

Outside the country the Snoghaj Till could cor-

respond to the Elsterian till of Eastbaltic facies
(Younger Elsterian till) mentioned by Ehlers et
al. (1984). This till supposedly covers large parts
of the countries along the south coast of the Bal-
tic Sea.

6.4 TRELDE NAS TILL FORMATION

The till is named the Trelde Nes Till after the
type section located at Trelde Nes (loc. 1) north
of Fredericia.

HISTORY

Hartz and @strup (1899) mentioned the presence
of a till overlying the interglacial, lake deposits of
Trelde Nas. Madsen (1900) recognized a lower
dark, Fennoscandian till at Ashoved (loc. 2) and
ZEbelp (loc. 4) and ascribed the dominance of
Norwegian indicators in recent beach gravels to
have been derived from this till. Rgrdam (1909)
correlated the Fennoscandian, “Norwegian™, till
of North Sjzlland characterized by re-deposited
molluscan fragments from the Older Yoldia clay,
with the lower tills of Ashoved and Ebelg.
V.Milthers (1932) confirmed Madsens interpreta-
tion of the clast composition of the lower tills of
Ashoved and ZEbeld by systematic indicator
counts in beach gravels.

K.Milthers (1942) ascribed the dominance of
Norwegian indicators to the presence of a pos-
sibly late Saalian or early Weichselian till of Nor-
wegian origin at the chiff sites just mentioned.
Madsen et al. (1928) and Madsen and Nordmann
(1940) suggest on the basis of the flint quotient,
that till A of Regle Klint was deposited during
the Elsterian and till B during the Saalian: both
tills show a Fennoscandian clast composition.

Nordmann (1958) indicated, that the till over-
lying the limnic, interglacial deposits at Trelde
Nas was strongly disturbed by ice pressure from
the west. At Stjer (loc. 27) Kronborg (1983) de-
scribed a (lower) sandy, brown till assumed to be
deposited by an ice sheet from northerly direc-
tions and overlain by a NE-till. The N-till is
named the Sgbyvad till and is supposed to be of
Elsterian age.

TYPE SECTION

Trelde Naes (loc. 1, figs 7, 8). In a well exposed
cliff section strongly disturbed by glaciotectonic
activity the Trelde Nas till and its bounding units
are readily accessible for study.



Fig. 109: Trelde Nees Till. loc. 1. Trelde Nas (upper), loc. 2,
Ashoved (lower).

REFERENCE SECTIONS

Ashoved (loc. 2, figs 7, 12) and Abels (loc. 4,
figs 7, 23), where the upper boundary is exposed.
Sender Vissing (loc. 33) and Snoghgj (loc. 70)
where the lower boundary to glaciogenetic de-
posits is exposed.

LITHOLOGY

Trelde Nas Till (fig. 109). which ranges in thick-
ness between 3-5 meters, is brown or blackish to
grey, sandy and often banded. Fine gravel ana-
lyses show roughly equal amounts of quartz and
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flint (9-29%) with an average of 18% each, and
stone counts demonstrate Fennoscandian clast
composition with an average of 12-15% Pal.lime-
stone (fig. 110). A few samples analysed con-
tained insignificant quantities of re-deposited
Quaternary foraminifera. The Trelde Nes Till
seems to be characterized by erratics of the Oslo
District and other rocks of northerly provenance
such as cemented fragments of ash bearing di-
atomite (Fur Formation: Pedersen & Surlyk
1983) and the so-called “flint conglomerate™
(Ddum 1968, Sjerring & Frederiksen 1980).
These associated rocks and indicator erratics can
be found in situ, but they appear more frequently
in beach gravels or gravel pits where the Trelde
Nas till is exposed.

Measurements of clast orientation revealed
north- and north-westward dipping longitudinal
and mixed fabrics, indicating deposition by a gla-
cier from northerly directions.

BOUNDARIES (fig. 105)

Usually Trelde Neas Till is bound upwards by the
Ashoved Till (locs 1, 3, 4, 27, 70). They are often
separated by waterlaid outwash material deposi-
ted by meltwaterstreams that reveal generally
south westerly palaecoflow directions. At Trelde
Nes a glaciotectonic unconformity indicating ice
deformation from the NW constitutes the upper

A) AY A) A3

SST 40 20 PAL
Trelde Naes Till N=12

Fig. 110: Exotic stone counts (6-60 mm) Trelde Nas Till. Con-
tour interval 2.5%. xx = crystalline rocks, sst = sandstone, Pal.
= Palacozoic limestone. For reference see fig. 132, (Tabel 1).
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boundary, whereas in a few cases younger till
units overlie the till. )
The lower boudnary lies at the transition be-

tween the till and the upi)er part of sandy, water- .

laid outwash material overlying limnic, Holstei-
nian lake sediments at loc. 1, area 7 (fig. 105). In
other cases the previously described Sgnder Vis-
sing Till, the Palsgérd till or the Snoghgj till con-

stitute the immediately underlying till deposits. -

At locs 1: Trelde Nas, and 2: Ashoved, area 7
(fig. 105) the lower boundary is marked by a gla-
ciotectonic unconformity indicating ice pressure
from northerly directions. At Rdgle (loc. 3, area
7), the Tellina clay could constitute the lower
boundary.

DISTRIBUTION

The distribution of the Trelde Nas Till is shown
in fig. 111. The till is found in the western part of
the region, but it is estimated to be of a much
wider distribution, covering more than the whole
of Denmark. Directional properties of the till and
associated glaciotectonic disturbances indicate
deposition connected with the passage of an ice-
sheet from northerly directions. A local(?) read-
vance from a northwesterly direction has been re-

corded by a glaciotectonic unconformaty at loc.
1. ' '

AGE

A post-Holsteinian age is demonstrated at loc. 1:

Trelde Nes. Furthermore the till is-overlain by

the Ashoved till which in turn is overlain by the
pre-Eemian Lillebzlt Till. Because of this, a pos-

sible carly Saalian age is suggested for the Trelde

Nas Till.

CORRELATION

Trelde Nes Till corresponds to some tills showing
the so-called Drenthe fine gravel spectrum de-
scribed by Sjerring and Frederiksen (1980). In
the western part-of Jylland it is correlated with
the till referred to as the older Saalian till of Nor-
wegian provenance (V.Milthers 1939, Sjgrring -
1981); as well as the lower, N-till (Sgbyvad Till)
described from central Jylland by Kronborg
(1983). =

6.5 ASHOVED TILL FORMATION

This till is named Ashoved Till after the type sec-
tion located at Ashoved (loc. 2) on the east coast
of Jylland between Ve]le Fjord and Horsens-
Fjord.

HISTORY
Madsen et al. (1928) and Madsen and Nordmann

" (1940) demonstrated, that till B of Rggle Klint,

which overlies the Tellina clay, is of Fennoscan-
dian clast composition and a Saalian age was sug-
gested. Kronborg (1983) described a sandy to
clayey till, deposited by an ice stream from the
castnortheast named Haar till overlying a N-till
both of presumably pre-Eemian age.

TYPE SECTION
Ashoved (loc. 2, figs 7, 12): The Ashoved Till is
accessible for-study in an apparently undisturbed

- condition, and the lower bounding till unit is also
present in this well exposed cliff section.

REFERENCE SECTIONS
Regle Klint (loc. 3, fig. 15): Here the upper

" bounding unit is exposed. Snoghgj (loc. 70, fig.
. 66) and Rhoden Strand (loc. 52, fig. 58) where

respectively the lower bounding till unit and the
upper bounding till can be studied in less well ex-
posed cliff sections.



LITHOLOGY

The Ashoved Till, which has an average thick-
ness of about 3 m, is a brown to grey, sandy and
clayey, both banded and massive till (fig. 112).
Fine gravel analyses show roughly equal amounts

Fig, 112: Ashoved Till. Massive-weakly banded subfacies with
in situ kinnediabase overlying Trelde Nas Till (upper), loc. 2,
Ashoved, banded and sandy subfacies (lower), loc. 52, Rhoden
Strand.
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Fig. 113: Exotic stone counts, Ashoved Till. Further explana-
tion fig. 110,

of quartz and flint (18% ), even though values ap-
proaching pre-Holsteinian tills do appear. The
exotic clast composition demonstrates Fennos-
candian provenance (2-22% Pal. limestone, fig.
113), and the till does not seem to contain re-
deposited Quaternary foraminifera in notable
quantities, except for one sample from loc. 4
(AEbelp) which contains a Z-accumulation. At
several localities (2, 4, 93) Middle Swedish in-
dicators (Kinne-diabase) have been found in situ
in the till, and it seems likely, that whenever the
Ashoved Till is exposed in cliff sections Kinne-
diabase and other rock types from south western
Sweden and the Kattegat area (dark garnet-am-
phibolite and Katholm erratics) are present
among beach gravels.

Clast orientation measurements revealed longi-
tudinal and mixed. NE-ward dipping till fabrics
indicating deposition by an ice sheet from north
easterly directions.

BOUNDARIES (fig. 105)

The Ashoved Till is bound upwards by the Lille-
beelt Till (locs 3, 4, 52, 93, 97), omitting possible
waterlaid material interbedding the tills. Even
yvounger (Weichselian) tills may immediately
overlie the Ashoved Till (loes 2, 27, 39, 74) or
glaciotectonic unconformities related to Weichse-
lian ice advances may strongly affect the till (locs
3,4,27, 39, 61).
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Fig. 114: Distribution of Ashoved Till and associated fabric
analyses and glaciotectonic unconformaties.

The lower boundary consists in a few cases of
glaciotectonic unconformities indicating ice de-
formation from the NE (locs 45, 57) or the Ash-
oved Till may overlie the Trelde Nees Till (locs 2,
4, 27, 70) or older deposits.

DISTRIBUTION

The Ashoved Till has been found in the western
part of the examined region, where it most fre-
quently crops out along the coastal cliffs of Lille-

bzlt. The distribution of the till is (fig. 114), how-

ever, estimated to go far beyong this area. Direc-
tional elements and provenance dependent
compositional properties suggest deposition by a
Fennoscandian ice sheet transgressing the central
Danish region from northeasterly directions.

AGE
Due to the stratigraphic position between the

post-Holsteinian Trelde Nzs Till and the pre--

Eemian Lillebelt Till, a (possibly mid-) Saalian
age is proposed for the Ashoved Till.

CORRELATION

On the basis of stratigraphic position, lithology
and directional properties the Ashoved Till ap-
parently corresponds to a number of extra-re-
gional tills. On the island of Als, Sjgrring (1977),
described a sandy, “chalk poor”, Fennoscandian
till of Saalian age referred to as a “Drenthe” type
till overlain by a Baltic “Warthe” till type. This
sandy till and some other sandy, Fennoscandian
tills of similar stratigraphic position, containing
equal amounts of quartz and flint also referred to
as Drenthe tills, described from western Jylland
(Sjerring & Frederiksen 1980) are correlated

- with the Ashoved Till. There is in the literature,

however, no other means than the contents of
Norwegian and Middle Swedish indicator erratics
by which the Drenthe tills of western Jylland may
be separated into individual units comparable to
either Trelde Nzs Till or Ashoved Till.

Correlation with the area north of the exam-
ined region suggests that most probably the Ash-
oved Till would be equivalent to the pre-Eemian
till deposited by an icesheet from the NE which is
described by Larsen et al. (1977) and Kronborg
(1983) from several localities in the eastern and
middle part of Jylland including loc. 27 (Stjer,
fig. 48). This till is named Haar till (Kronborg
1983).

The Ashoved Till is tentatively assumed to cor-
respond to the so-called older Saalian till de-
scribed from northern Germany (Ehlers 1981,
Ehlers et al. 1984) and deposited by the Main
Drenthe ice stream from northeasterly direc-
tions.

6.6 LILLEBAELT TILL FORMATION

This till is named Lillebzlt Till becuase it is most
frequently exposed in the coastal areas of Lille-
balt.

HISTORY

The lower, Baltic till of south Samsg and ZEbelg
was recognized by V.Madsen (1897, 1900), who
however, made no attempt to set the till in rela-
tion to other subsurface tills in the area. Hartz
(1909) observed a till beneath an Eemian kettle
bog at Ejstrup (loc. 90) and V.Milthers (1925)
correlated this till with the till underlying the Ee-



mian bogs at Brerup. Milthers concluded, that
the till is clayey, of Baltic clast composition and
often rich in Cretaceous-Paleocene limestone.
Madsen et al. (1928) and Madsen and Nordmann
(1940) described the Baltic clast composition of
till C at Ragle Klint; which overlies a sandy, lime-
stone poor till (B) and is overlain by outwash ma-
terial containing re-deposited, Eemian molluscan
fragments. A Weichselian age was suggested.

By comparing percentages in the clast content
of Pal. limestone Jessen (1930) suggests, that the
lower, Baltic till of Halk Hoved, which was de-
posited prior to an ice transgression from the NE,
should be correlated with the “thin” (Weichse-
lian) Baltic till of Ristinge Klint. Frederiksen's
(1973, 1976) glacial stratigraphic studies of the
lower till at Halk Hoved, indicate, that the Baltic
till characterized by re-deposited Quaternary for-
aminifera of Holsteinian origin, was deposited by
an ice sheet from easterly directions, most prob-
ably in the late Saalian. Houmark-Nielsen (1980)
suggests, that the apparently pre-Eemian, lower,
Baltic till of southern Samse and adjacent islands
should be informally named the Palacobaltic till
and suggested it to be of late Saalian age.

TYPE SECTION

Sendervilstrup Strand and Halk Hoved (loc. 5,
fig. 7 & loc. 112, fig. 44). The two cliff sections, a
little less than 10 km apart, provide the largest,
thickest and most well exposed sections through
the till in the examined region.

REFERENCE SECTIONS

Ejstrup (loc. 90, fig. 7) and Vejre (loc. 153, fig.
44) where the upper boundary is exposed, Abels
(loc. 4, fig. 7). Rhoden (loc. 52. fig. 44), Gravens
Hoved (loc. 97, fig. 44) where the lower bound-
ary is exposed and Ragle Klint (loc. 3. fig. 7).
where the till is present in a strongly dislocated,
composite glacial sequence.

LITHOLOGY

The Lillebaelt Till (figs 19, 26, 28, 115) which has
an average thickness of 3-4 metres. is most often
bluish grey with more brown variations in colour
when weathered. It is clayey and usually massive.
Clast composition is characterized by low values
of guartz (0-10%) and high values of flint (20-
40%) in the fine gravel fraction and large
amounts of Pal.limestone (15-50% with an aver-

Fig. 115: Lillebah Till, loc. 112, Halk Hoved. See also figs 19
and 73.

age of 28% ) in the exotic stone counts (fig. 116).
The Lillebeelt Till carries in situ - or beach gravels
along cliff sites where the till is exposed contain a
wide range of Baltic indicator erratics and rock-
fragments especially derived from Palacozoic
sources in the Southern Baltic region. Locally a
subfacies appears extremely rich in Cretaceous
limestone (fig. 73). The till contains only very
limited quantities of re-deposited Quaternary

XX
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Fig. 116: Exotic stone counts, Lillebalt Till. Further explana-
tion fig. 110,
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Fig. 117: Distribution of Lillebzlt Till and associated fabric analyses.

foraminifera. Another compositionally different

~ subfacies of the Lillebalt Till appears to be pres-
ent in area 5 (fig. 58). It comprises the clayey,
grey, lower third of the till (at locs 51, 54) and dif-
fers because of its low content of Palaeozoic and
younger limestones and a slightly higher quartz
content. This unit is assumed to represent a poor-
Baltic subfacies of the Lillebzlt Till characterized
by reworked local glacigenetic clast material.

- The directional properties of clast show con-
sistent eastward to east-south-eastward dipping,
longitudinal fabrics indicating deposition by a
glacier flowing in a direction from the east to-
wards the west.

BOUNDARIES (fig. 105)

Apart from waterlain outwash interbedding the
till units the Lillebalt Till is bound upwards by
limnic Eemian deposits (locs 90, 109) or marine

"~ Eemian clay and silt (loc. 153). In the southern

part of the examined region the till is overlain by
the Ristinge Klint Till (loc. 5) or outwash mate-
rial assumed to be deposited by the icesheet,

which laid down this till (locs 3, 112). In the

northern part of the central Danish region the
Lilleblt Till is overlain by the Kattegat Till (locs
138, 142, 143). Throughout the western region it
is often overlain by the Mid Danish Till or bound
upwards by glaciotectonic unconformities indica-
ting ice deformation from the NE related to the
ice advance which deposited the Mid Danish Till.

The lower boundary is marked by the under-
lying Ashoved Till (locs 3, 4, 52, 93, 97) or more

‘rarely the Trelde Nas Till (loc. 64) or the Tertiary .

clay (loc. 68).
Apparently hardly any glaciotectonic uncon-
formaties are associated with the Lillebealt Titl.

DISTRIBUTION

The distribution of the Lillebzlt Till is shown in
fig. 117. Directional properties suggest the pas-
sage from the E and ESE of an inland ice sheet,
the marginal zone of which was extended far west
of the examined region.

AGE 7
Because the oldest deposit overlying the Lillebzlt
Till consists of limnic Eemian peat and gyttja or



marine Eemian clay, and the youngest till bed un-
derlying it is the post-Holsteinian Ashoved Till,
the Lillebalt Till is estimated to be of late Saalian
age and deposited by the youngest ice sheet of
this glacial. ’

CORRELATION o
On the basis of lithology and stratigraphic posi-
tion the Lillebzlt Till can be correlated with a
number of extra-regional till units.

In south-western Jylland a quartz poor, Baitic ]

* till underlying limnic Eemian deposits at Emmer-
lev Klev named a Warthe till-type (Sjgrring &
Frederiksen 1980) and a very limestone rich sub-
- facies of this till described further inland (Hansen
1965, Sjgrring 1981a) is correlated with the Lille-
balt Till. The Baltic supposedly late Saalian till
overlain by marine Eemian deposits exposed in
the cliff at Sarup, Als (Sjgrring 1977) is also cor-
related with the Lillebzlt Till.

Jessen et al. (1910) and K.Milthers (1942) indi-
cate the presence of a supposed Baltic till be-
neath a marine Eemian-Weichselian marine se-
‘quence at Skzrumhede. Along with the Baltic till
beneath a marine Early-Middle Weichselian se-
quence -at Holmstrup (Petersen & Buch 1974)
both “pre-Skarumhede” tills are correlated with
the Lillebalt Till. This correlation however is
contrary to Wennberg (1949) and Petersen
(1984), who suggested an Early- to early Middle
Weichselian age for the tills at Skerumhede and
Holmstrup (West Sjalland) respectively. Jacob-
sen (1981) and Nielsen (1980) describe lower till
units of Baltic clast composition from Falster and
‘Korsgr ascribed to the late Saalian which, along
with a Baltic, Warthe type till from the western
Limfjord region (Jensen & Knudsen 1984) and
the clayey, limestone rich SE-till containing a Z-
foraminiferal accumulation named the Hinnerup
Till (Kronborg 1983, Kronborg & Knudsen 1985)
is correlated with the Lillebzlt Till. Sjgrring
(1983) sketched a possible distribution for the
Warthe till-type in western Jylland leaving parts
of west-central Jylland uncovered by this till.

Outside Denmark the Lillebzlt Till is corre-
lated with the so-called Warthe- or Younger Saa-
lian tills of Germany (Ehlers & Stephan 1983,
Ehlers et al. 1984) and with the Ramslid Till in
Skéne, southern Sweden (Lagerlund 1980).
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6.7 RISTINGE KLINT TILL FORMATION
This till is named the Ristinge Klint Till after the
location of the type section at Ristinge Klint on
south-western Langeland (fig. 3). The till has not
previously been described from the examined re-
gion. S.A.Andersen (1945) and Berthelsen
(1973) referred to the till as the Old Baltic Till.

HISTORY
Overlying marine Eemian clay (named Cyprina
clay) at Ristinge Klint, Madsen et al. (1908) and
Madsen (1916) recognized two dislocated tills
separated by waterlaid outwash deposits and thus
this glacial sequence was ascribed to the last gla-
ciation (Weichselian). The lower of the tills (till
C) was (Madsen 1916) characterized as a ca. 1 m
thick till bed with Baltic rock fragments. Madsen
et al. (1928) connected till C with the Main
Weichselian advance, the maximum extension of
which lies along the Main Stationary Line,
Jessen’s (1930) correlation between till C (at
Ristinge) and the lower till of Halk Hoved using
the content of Pal. limestones was cited by An-
dersen (1945) who stated, that the thin, Baltic till
of Ristinge Klint was deposited by an Old Baltic
ice stream separated in time by deposition of wa-

‘terlaid sand and gravel from the Main Weichse-

lian advance, which invaded the country from the
NE. K.Milthers (1959) mentions the presence of
till C in Ristinge Klint, however, it does not ap-
pear in his description of the chronology of
Weichselian ice streams in the area around south-
ern Fyn. On the basis of Rgrdams’ (1893) stone
counts, Andersen (1950) suggested the presence
of the Old Baltic till in the coastal areas of NE-
Sjelland. :

Ehlers (1979) and Sjgrring et al. (1982) confirm
the Baltic clast provenance of the till at Ristinge
from fine gravel analysis and add the fact, that it
is characterized by low contents of quartz and in-
termediate flint quantities. According to Sjgrring
et al. (1982) the number of re-deposited Qua-
ternary foraminifera is very limited and the thin
till shows fabrics, which indicate ice flow_from
south-easterly directions. Berthelsen (1973),
Sjdrring (1981b) and Houmark-Nielsen (1981)
correlate the Old Baltic till at Ristinge Klint with
various post-Eemian till units in the southern and
eastern part of the country.

Houmark-Nielsen and Kolstrup (1981) de-
scribed a Baltic subfacies of the NE-till overlying
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limnic deposits of Hengelo age (Sejere intersta-
dial), but it was not recognized as an independent
till unit at that time.

TYPE SECTIONS

1) Ristinge Klint (fig. 3). The classical locality for
studies of this till and its relationship to other gla-
cial and interglacial deposits. Units are readily
accessible in this well expose cliff section (cf.
Sjerring et al. 1982).

2) Senderby Klint (loc. 6, fig. 7). A well ex-
posed coastal cliff face with a complex Eemian
and Weichselian stratigraphy; here Ristinge Klint
Till is situated within the examined region.

REFERENCE SECTIONS

Sendervilstrup Strand (loc. 5, fig. 7) where the
lower bounding unit of glacigenetic origin (Lille-
balt Till) and the upper bounding unit (Mid Dan-
ish Till) is well exposed. Kulhuse (loc. 185a, fig.
44) where the upper boundary characteristic of
the north-eastern part of the region is occasion-
ally exposed. Sejerg (loc. 8, fig. 40) where the till
assumingly overlies limnic deposits of the Plen-
iglacial, Sejerg Interstadial.

LITHOLOGY
Ristinge Klint Till, which ranges in thickness be-
tween 1/2-2 m, is grey to reddish brown. It is

Fig. 118: Ristinge Klint Till unconformably overlying sandy wa-
terlaid depasits, loc. 6, Senderby Klint, (Note in situ shell frag-
ments from the Cyprina clay).
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Fig. 119: Exotic stone counts, Ristinge Klint Till. Further expla-
nation fig. 110.

clayey and appears both massive and banded (fig.
118). The fine gravel content shows low quanti-
ties of quartz (less than 10%) and intermediate
values of flint (10-30%). Stone counts (fig. 119)
indicate Baltic clast composition (20-40% Pal.
limestone with an average of 25-30%) and it is
characterized by molluscan fragments and a Y-
foraminiferal accumulation most probably de-
rived from marine Eemian sources. It should be
noted, that the quantity of re-deposited Qua-
ternary foraminifera has been found to be too
low for faunal comparison at Ristinge Klint (Sjer-
ring et al. 1982).

Clast orientation measurements revealed one
longitudinal south-eastward dipping fabric (loc.
5) suggesting deposition by an ice sheet from
south-easterly directions.

BOUNDARIES (fig. 105)

Apart from fine grained waterlain material over
and underlying the Ristinge Klint till the upper
boundary in the southern and central part of the
examined region is made up of glaciotectonic un-
conformities indicating deformation by an ice
sheet from the NE (locs 5, 6) and it may be over-
lain by the Mid Danish Till (locs 5, 6, 8, 127). In
the north-eastern part (loc. 185a) a glaciotectonic
unconformity indicating ice pressure from the N
constitute the upper boundary.
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Fig. 120: Distribution of Ristinge Klint Till and associated fabric analysis.

The lower boundary in the southern part of the
examined regions is placed where it supposedly
overlies laminated clay, silt and sand underlain
by limnic or marine Eemian deposits (locs 6,
135). In other instances (loc. 5) it may rest imme-
diately upon the Lilleblt Till. Limnic deposits of
the Sejerg Interstadial apparently underlie Rist-
inge Klint Till at Sejerg (loc. 8).

DISTRIBUTION

The Ristinge Klint Till is only found in a few lo-
calities in the southern and eastern part of the ex-
amined region (fig. 120). If a clear stratigraphical
indicating of its post Eemian age can not be dem-
onstrated it only differs radically from the Lille-
bzlt Till as the content of re-deposited Quater-
nary foraminifera. The position of its maximum
extension can not be outlined, but it might well
be extended further westwards and possibly also
north-westwards, than the position of the local-
ities where the till has been found, seem to indi-

cate. The Ristinge Klint Till was deposited by a
Baltic ice stream possibly from south-easterly di-
rections as suggested by clast petrography and di- -
rectional properties.

AGE

A post Eemian age prior to the NE- advance is
demonstrated from-the classical type section at
Ristinge Klint as well as from Sgnderby Klint.
The apparent underlying of deposits from the
Sejerg Interstadial on Sejerd suggests an age
younger than 36800 BP. The Ristinge Klint Till is
presumably older than the ice advance from the
north which deposited the Kattegat-Till, the age
of which is estimated to be younger than the Mid-
dle Weichselian zone C of the Skerumhede se-
quence dated to an age of 34000 BP (Lykke-
Andersen 1982). It is therefore suggested, that
the age of the Ristinge Klint Till should be found
within the late Middle Weichselian, younger than
the Hengelo Interstadial. -
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CORRELATION

The Ristinge Klint Till corresponds to the lower,
dislocated, Baltic till at Strandegdrdens Dyre-
have, southeastern Sjzlland (Petersen & Konradi
1974) and Als (Sjgrring 1977) where it overlies
marine Eemian deposits and is superimposed by
glacialtectonic structures indicating ice deforma-
tion from the NE. It can also be correlated with
other Baltic tills having similar upper boundaries
at Korsgr (Nielsen 1980), Southwest Mgn (Aber

1979, Berthelsen et al. 1977) and Falster (Jac-

obsen 1981). East of @resund it is not clear
whether the Ristinge Klint Till corresponds to the
Allarp Till or the lower Baltic facies of the Dalby-
Bricke tills of SW-Skane (Lagerlund 1980, Ber-
glund & Lagerlund 1981).

6.8 KATTEGAT TILL FORMATION

This till unit is named Kattegat Till because it
crops out in the coastal areas of southern Ka-
ttegat. Rgrdam (1909) named it the Norwegian
Till. .

HISTORY
Rgrdam (1893) described the “lower till” of NE-
Sjzlland as a clayey, grey till containing limited
amounts of Baltic clast material, and abundant
re-deposited shell-fragments apparently derived
from the Older Yoldia clay of Vendsyssel. It is
characterized by indicator erratics, primarily of
the Oslo district, but also from the western part
of Middle Sweden. These indicator boulders are
readily apparent in beach gravels along cliff sec-
tions where the lower till is exposed. Rgrdam
(1909) named it the “Norwegian Till” after its
dominating indicator boulder erratic content, and
it was proposed, that the till had been deposited
during the first glacial by a “Norwegian” ice
stream. According to Rgrdam the Norwegian till
is separated from the “upper till” of NE-Sjzl-
land, presumably deposited during the last (e.g.
Weichselian) glaciation by amber and twig bear-
ing sand and gravel containing fragmented shell
material of the same derivation as the lower till.
Madsen (1897) recognized the dominant repre-
sentation of Norwegian indicators in beach grav-
els on North-Samsg and Helgenas, but no at-
tempt was made to compare these observations
with those of Rgrdam. With the initiation of re-
newed glacial stratigraphic studies at Hundested

in particular and around North Sjlland in gen-
eral (Sjorring 1973, 1974), Rgrdams view of a
proposed northerly heretage for the lower till was
confirmed. Structural studies, stone counts, and
foraminiferal analyses in till-stratigraphic re-
search (Sjgrring 1973, 1974, Konradi 1973, Pe-
tersen & Konradi 1974, Rasmussen 1973, 1974)
defined the Norwegian till as a dense and massive
till, which also appears as stratified clast bearing
clay and it was characterized by 1) a Fennoscan-
dian clast composition and 2) by a re-deposited
foraminiferal accumulation similar to the fauna
found in the Portlandia artica zone of the Skz-
rumhede sequence. The latter feature would con-
sequently suggested a Weichselian age and the
Norwegian till supposedly underlies deposits of
the Main Weichselian advance.

Fabric measurements either show a random
clast orientation (Rasmussen 1974) or they sug-
gest ice flow from northern directions (Houmark-
Nielsen 1976c, Jensen 1977). The Norwegian till
is over- and underlain by sandy waterlaid depos-
its and in the eastern part of the examined region
it is commonly disturbed by ice pressure from the
north; assumed to be caused by a readvance of
the icesheet, which deposited the till (Sjgrring
1973, 1974, Jensen 1977). Berthelsen (1974) de-
scribes how the “blue boulder clay” (= Norwe-
gian till) in a liquifacted state became remobi-

lized and intruded overlying deposits as a conse-

quence of later glacier loading.

Sjerring (1975, 1983) suggests, that the Nor-
wegian ice stream, which deposited the till, cov-
ered larger parts of Northern Jylland and the
coastal areas of northernmost Sjzlland.

Houmark-Nielsen (1980, 1981) recognized the
Norwegian till in the larger part of the northern
Bzlthav region and characterized it as a Weichse-
lian till mainly of Fennoscandian clast composi-
tion deposited by an icestream from the North
prior to the Main Weichselian advance from the
NE. On indirect stratigraphical evidence it was
suggested, (Houmark-Nielsen 1976b, 1976c,
1980, Houmark-Nielsen & Berthelsen 1981), that
the Norwegian till was deposited before the Old
Baltic ice sheet advanced over the southern parts
of the country.

Nielsen (1985) suggests, on the basis of shallow

- seismic investigations, that the Norwegian till is

present over large areas of the sea-floor in the
southern part of Kattegat.



Fig. 121: Kattegat Till folded by ice-deformation from the
north, Hundested. Photo: §.Sjerring.

TYPE SECTION

Hundested Klint (fig. 44). This well exposed sec-
tion was examined by Rerdam (1893) and Sjor-
ring (1974) and even though only the upper. gla-
ciotectonic boundary is exposed here, itis, from a
historical point of view, a classical locality for
study of this till.

REFERENCE SECTIONS

North Samse (loc. 7, fig. 7) where the Kattegat

Till and the upper bounding units can be studied.
Esby Klint (loc. 138, fig. 44) where the lower-

and upper boundary can be studied.

LITHOLOGY

The Kattegat Till is less than 4 m thick, mostly
grey and clayey. It appears both massive are
banded (fig. 121). Fine gravel analyses show very
limited amounts of quartz and limited to interme-
diate quantities of flint. Stone counts indicate
Fennoscandian provenance (with an average of

10 Pleistocene stratigraphy
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about 15% Pal.limestone (fig. 122)) even though
higher values appear, probably due to local incor-
poration of older Baltic till material. It is charac-
terized by occasionally rich X-foraminiferal accu-
mulations derived from the Early- to Middle
Weichselian Skerumhede deposits.

In several instances indicators of the Oslo dis-
trict have been found in situ, together with shell
fragments which originated in the Older Yoldia
clay as already noted by Rordam (1893). Clast
orientation measurements revealed longitudinal
fabrics indicating ice flow from northerly direc-
tions.

BOUNDARIES (fig. 105)

Apart from outwash material deposited locally or
within a regional, northward flowing system of
meltwater streams and lakes the Kattegat Till is
bound upwards by the Mid Danish Till. Glacio-
tectonic disturbances indicating ice push from the
NE (locs 7. 136, 138, 164, 166) and more easterly
directions (Sjerring 1973, 1974, Jensen 1977) as-
sociated with the advance and readvance of the
Main Weichselian ice sheet superimposes the Ka-
ttegat Till. Glaciotectonic unconformities indica-
ting ice deformation from the north (Sjorring
1973, 1974, Jensen 1977) ascribed to a readvance
of the ice stream which deposited the Kattegat
Till may also constitute the upper boundary.

Ay
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Fig. 122: Exotic stone counts, Kattegat Till. Further explana-
tion fig. 110.
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Fig. 123: Distribution of Kattegat Till and associated fabric analyses and glaciotectonic unconformaties.

The lower bouriding till unit is rarely exposed,
but the Lillebzlt Till (locs 138, 142, 143) is occa-
sionally present beneath the Kattegat Till. How-

ever, the Ristinge Klint Till apparently under- -

went glaciotectonic deformation from a northerly

direction at Kulhuse immediately south of the
area containing the Kattegat Till type section -

(loc. 185a). Even though stratigraphical observa-

tions can not put forward evidence, it is sug-

gested, that in a common area of distribution
(NE-Sjzlland) Kattegat Till is expected to overli
Ristinge Klint Till. :

DISTRIBUTION
~The Kattegat Till is only found in the coastal
areas of the northern part of the examined region
(fig. 123), because of which it is assumed, that the
maximum extension of the (Norwegian-) ice
sheet, which deposited the Kattegat Till from the
N, lies within the examined region. This assump-
tion is supported by evidence from the literature
dealing with the central parts of Sjzlland (Pe-
tersen & Buch 1974, Jacobsen 1985) where no
“Norwegian till” is present. Great quantities of
outwash material deposited as a large-scale Gil-
bert type delta (loc. 179), Kyndby (fig. 44)
(Clemmensen~ & Houmark-Nielsen 1981) and
glaciofluvial deposits (Himmelev formation, Jac-
obsen 1985) in the area between Roskilde and
Halsnzs originated during the retreat of this ice
sheet. It has not so far been possible to relate any
present glaciomorphological features to this Nor-
wegian advance.

- AGE - :

A post Eemian age is suggested, because the Ka-
ttegat Till contains an X-accumulation of re-de-
posited Quaternary foraminifera derived from
the boreo-artic Portlandia arctica zone of the
Skerumhede sequence in which Middle Weichse-
lian Interstadials have been recognized (Knudsen

. & Lykke-Andersen 1982). The Eemian-Middle

Weichselian sequence at Skerumhede has been -
interpreted as representing a complete marine

succession (Bahnson- et al. 1974) on which
grounds it is assumed (cf. Konradi 1973), that

glaciers did not transgress the North Danish area

until after deposition of the uppermost zones of

the Skazrumhede sequence / Older Yoldia clay

(zones C-A/II-I); the older zone has been given

radiocarbon ages of around 34000 years BP

(Knudsen & Lykke-Andersen 1982). Since the

Main Weichselian glacial phase is estimated to

have taken place around 24000-20000 years BP

(cf. Petersen 1984, Rasmussen & Petersen 1980),

is it suggested, in accordance with the possible

age relation to the supposedly underlying Rist-

inge Klint Till, that the Kattegat Till was deposi-

ted during the time interval 34000-20000 BP

probably closer to the youngest date, as also pro-

posed by Berthelsen (1979).

CORRELATION

Outside the examined region descriptions of tills
units, which could correspond with the Kattegat
Till are very sparse. The Kattegat Till is corre-
lated with the so called “blue-boulderclay” of
NE-Sjelland described by Berthelsen (1974),



Rasmussen (1974), Schuldt (1981) and Sjgrring
(1973).

Evidence based mainly on morphology and in-
dicator erratic counts revealed, that deposits
characterized by Norwegian indicators dominate
the northern parts of Djursland (Bahnson 1984,
- K.Milthers 1942). Even though these dpeosits are
regarded as either being younger than the Main
Weichselian advance (Bahnson 1984) or of pre-
Eemian age (K. Milthers 1942) little stratigraph-
ical evidence has yet been brought forward con-
cerning these “Norwegian” deposits. They could,

however, be related to the ice sheet that deposi-.

ted the Kattegat Till. Possibly the Kattegat Till
corresponds to the upper till from Rugérd (Kron-
borg & Knudsen 1985) containing similar re-de-
posited Quaternary foraminifera and clast petro-
graphic properties. )

Sjgrring (1983) mentions, that a till of similar
lithology as the Kattegat Till has been osberved
just south of the Main Stationary Line, where the
line crosses the North Sea coast of Jylland.

Qutside the country the Kattegat Till is corre-
lated with the Alaboda Till of the Ven-Glumslév
area (Skéane) and the Smedstorp Till of western
Skéne as also suggested by Adrielsson (1984),
Lagerlund (1980) and Berglund and Lagerlund
(1981). . -

6.9 MID DANISH TILL FORMATION ~
This till is named the Mid Danish Till, because it

is found at almost all localities in the whole of the:

central Danish region. Previously the till has
been referred to as the NE-till (S.A.Andersen
1945, 1957, Berthelsen 1973).

HISTORY - . :
Prior to the publication of a “Summary of the Ge-
ology of Denmark” (Madsen et al. 1928) litholog-
ical and stratigraphical descriptions of the till, de-
posited by the ice sheet which reached the Main
Stationary Line, had been rather insufficient or
lacking. .

- Madsen et al. (1928) proposed, that till C was
deposited by the Main Weichselian ice sheet, and
it was described on a regional scale according to
its flint-quotient and bounding till units (see
chapter 1). A “key locality” in Madsens’ correla-
tion was Ristinge Klint, where till D (Madsen
1916) is characterized by limited quantities of
Palaeozoic clast material - (Fennoscandian pro-
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venance) when compared to the (Baltic) Weich-
selian till (C) underlying this “thick till” (D).

At Halk Hoved, Jessen (1930), recognized a
till of Fennoscandian clast provenance deposited
by.an ice stream which also was responsible for
the stacking of an older glacial sequence into
NNE’dipping thrust slices. In addition, Jessen

-(1930) correlated the middle (NE-) till of Halk

Hoved with the thick (Fennoscandian) till of
Ristinge Klint, from which glacial striations on
boulder pavements, indicating ice movement
from the NE, had been recognized.

_ S.A.Andersen (1933) recommended, along
similar lines of thought as Jessen (1930), that cor-

" relation of till units should be based on their con-

tent of Baltic/Nonbaltic clast material, associated
indicator boulder erratics and the pattern of gla-
cier movement that could be deduced from gla-
ciotectonic deformations and, glacial striations
on bedrock or boulder pavements. Andersen sug-
gested, that the ice stream whic reached the
Main Stationary Line came from the NE. The ice
stream deposited a NE-till of Fennoscandian clast
provenance also characterized by indicator boul-
ders from Middle Sweden (Kinne- diabase).

The concept of the NE-ice being the Main
Weichselian ice stream, which deposited the Fen-
noscandian NE-till in the central and southern
parts of Denmark, was further outlined by An-
dersen (1945, 1957, 1966), who with these papers
contributed to the foundation of modern glacial
stratigraphic research in Denmark.

Smed (1962) recognized a NE-SW oriented
glacial striated boulder pavement connected to a
till unit overlain by a (Young) Baltic till at Lindg,
northeast of Odense, Fyn (fig. 3), and he related
the former mentioned till to the ice advance from
the NE, which produced the dead ice landscape
of central Fyn.

Thamdrup (1970) described a NE-till at Mols
Hoved (loc. 136), but it was interpreted as having
been deposited by an early East Jylland ice
stream, following the pattern of the Weichselian
glacial evolution, formulated by ' K.Milthers
(1942) and Wennberg (1949).

From various available stratigraphic sources
Berthelsen (1973) outlined the distribution of the
Weichselian NE-till and its relation to the Main
Stationary Line in the eastern part of Denmark.

Sjgrring (1974) correlated the upper till at
Halsnzs, with the till laid down by the NE-ice.
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Fig. 124: Mid Danish Till, loc. 6, Senderby Klint. See also figs
39 and 65.

Berthelsen (1974) and Rasmussen (1974) recog-
nized the NE-till and associated glaciotectonic
unconformities at the base of the till in NE-Sjal-
land.

From Holmstrup, West Sjzlland (fig. 3) Pe-
tersen and Buch (1974) described a Fennoscan-
dian till overlying interstadial, marine deposits
comparable to the upper part of the Portlandia
arctica zone of the Older Yoldia clay and which
contained re-deposited foraminifera from these
deposits, thus they ascribed the till to the ice ad-
vance from the NE.

Frederiksen (1976) described the NE-till from
the south-eastern part of Jylland (cf. loc. 112,
Halk Hoved). He related this Fennoscandian till,
containing an X-foraminiferal accumulation,
overlying glaciotectonic unconformaties indica-
ting ice deformation from the NE and covered by
the Young Baltic till, to the Main Weichselian ad-
vance.,

Houmark-Nielsen (1976b.c, Houmark-Nielsen
& Berthelsen 1981) described a Weichselian,
Fennoscandian NE-till, which was bound by gla-
ciotectonic unconformaties indicating ice defor-
mation from the NE, at Northern Sams¢ and ad-
jacent islands, and related it to the ice stream
from the NE, which reached the Main Stationary
Line. Houmark-Nielsen (1980, 1981, 1983c)
mapped the distribution of the Weichselian, Fen-

noscandian NE-till and its associated glaciotec-
tonic unconformaties indicating ice deformation
from the NE in the northern Bzlthav region. The
NE-till, which contains an average of 10% Pal.
limestone clasts (ranging from 0% to 25%) and
an X-foraminiferal accumulation was on the
background of previous investigations related to
the Main Weichselian ice stream.

TYPE SECTIONS

1) Ristinge Klint (fig. 3). Here the Mid Danish
Till is described from a principal locality in the vi-
cinity of the examined region in terms of Fen-
noscandian clast provenance, associated NE-SW
oriented striated boulder pavements and upper
and lower bounding Baltic till units. The locality
has recently been described by Sjerring et al.
(1982).

2) Northern Sams¢ (loc. 7, fig. 7). Along the
cliffs of Northern Samsg the Mid Danish till, its
bounding Fennoscandian and Baltic till units and
its associated waterlaid outwash deposits and gla-
ciotectonic unconformaties appears in very well
exposed sections.

REFERENCE SECTIONS

1) Senderby Klint (loc. 6, fig. 7). Here the Mid
Danish Till, its bounding till units and associated
glaciotectonic unconformities, characteristic of
the southern part of the examined region, is ex-
posed.

2) Mols Hoved (loc. 136. fig. 44). Here the Mid
Danish Till, its bounding till units and associated
glaciotectonic unconformities, characteristic of
the northern part of the examined region, is ex-
posed.

3) Lyngerup (loc. 180, fig. 44). Here the Mid
Danish Till and its upper bounding till unit and
glaciotectonic unconformities associated with the
overlying Fennoscandian till are described from a
gravel pit, which is no longer accessible to study.

LITHOLOGY

The Mid Danish Till, which ranges in thickness
between 1 and 4 m, is grey to brown, it is mostly
clayey and usually it appears massive (figs 39, 65,
124), but banded variaties do occur.

Fine gravel analysis revealed small quantities
of quartz (less than 10%) and intermediate to
high values of flint (15-40%). Exotic stone counts
demonstrate Fennoscandian clast provenance
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(fig. 125), showing an average of 10-15% Pal.
limestone. Lower values occur mainly in the
northern and eastern part of the examined region
(0-10%), as well as higher quantities of Baltic
clast material (15-25%) is found predominantly
in the southern and central parts. At a number of
- localities Kinne-diabase and the so called Ka-
tholm erratics have been found “in situ”, and
these provenance dependent rock fragments are
also found in beach gravels together with dark
garnet-amphibolites at coastal cliffs, where the
Mid Danish Till is exposed. 7
The till is often characterized by re-deposited
Quaternary foraminifera of the X-accumulation
" derived from parts of the Portlandia arctica zone

sST 40 ) 20 ) PAL  of the Older Yoldia clay. In some instances in the

Mid Danish Till N=112 - southern part of the examined region, the till
Fig. 125: Exofic stone counts, Mid Danish Till. Further expla- contamns a Y-a‘ccumulatxon denYed from Eemian
nation fig. 110. ) sources (Cyprina clay), or a mixture of the two

(X-Y) accumulations is found. In rare cases the
till may show a Z-foraminiferal accumulation.
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Clast orientation measurements show, that

most fabrics are longitudinal or mixed, and only
at few localities have transverse fabrics been re-
cognized. Fabrics indicate deposition by an ice
sheet moving in south-westerly directions,

BOUNDARIES (fig. 105) )

Disregarding possible waterlaid outwash mate-
rial, the Mid Danish Till is bound upwards by the
East Jylland Till in the western part of the exam-
ined region, whereas the North Sjzlland Till

overlies it in the eastern part. Glaciotectonic un-

conformities indicating ice deformation from 1)
the NE (related to readvances of the NE-ice dur-
ing general retreat), 2) the E- (youngest read-
vance of the NE-ice on Sjzlland) or 3) SE to S
(advance of the Young Baltic icestream) may also
constitute the upper boundary. )
Often, the lower boundary is placed at the base
of the till, where it is marked by glaciotectonic
unconformities indicating ice deformation from
north-easterly directions. In the southern region,
the Mid Danish Till overlies the Ristinge Klint
Till and it overlies the Kattegat Till towards the
north and east. ' :

DISTRIBUTION

The Mid Danish Till is found at almost all lo-
calities in the examined region (fig. 126), and the
presence of the till is often accompanied by gla-
ciotectonic unconformities indicating ice defor-
mation from north-easterly directions developed
either during the advance of the NE-ice sheet or
during general retreat. The western limit of the
Mid Danish Till appears to be marked by the
Main Stationary Line (fig. 126), even though the
deduced directions of glacier movement, éspe-
cially in the northern sector, are not orientated
quite perpendicular to the stationary line. In
areas 4, 8, 11, 12 and 13 major readvances caused
the formation of glaciotectonic structures and re-
lated landforms, which revealed a pattern of gla-
cial retreat towards the NE interrupted by read-
vances.

AGE

The stratigraphic position of the Mid Danish Till
at Ristinge Klint and Sgnderby Klint (loc. 6)
demonstrate Weichselian age, and the till is youn-

ger than the Ristinge Klint - and Kattegat tills
and older than the North Sjzlland - and East Jyl-
land tills respectively. A late Middle Weichselian
age is suggested, and in accordance with results

" of absolute dated interstadial material (cf. Pe-

tersen 1984) an age of approximately 24000-
20000 BP is proposed.

CORRELATION

Correspondance with extra-regional, Fennoscan-
dian, NE-tills of Weichselian age with similar
boundaries as the Mid Danish Till can be demon-

- strated throughout the greater part of Denmark

that was glaciated during the Weichselian. Till
units comparable to the Mid Danish Till and/or
glaciotectonic unconformities indicating ice
pressure from north-easterly directions found in
the strafigraphical record has been described
from a large number of arcas: Mgn (Aber 1979,
Berthelsen et al. 1977), Falster (Jacobsen 1981),
Lolland (Andersén 1957, Fredericia 1979), South
Sjelland (Jacobsen 1981, Petersen & Konradi
1974); Storebzlt (Berthelsen 1975, Jacobsen
1976, Nielsen 1980, Petersen 1973, Rasmussen
1975, Ussing & Madsen 1897), Middle Sj=lland
(Jacobsen 1985, Petersen & Buch 1974), NE-
Sjazlland (Berthelsen 1973, 1974, Rasmussen
1974), Southern Lillebzlt (Sjgrring 1977, Sjor-
ring et al. 1982), East- and Middle Jylland (Firup
Till: Kronborg 1983, Larsen et al, 1977), Viborg
area (Rasmussen & Petersen 1980), Northern
Limfjord (Gry 1979) and Western Limfjord (Jen-
sen & Knudsen 1984). -

Outside the country the Mid Danish Till is cor-
related with the Visternis Till from eastern @re-
sund (Ven-Glumslov area: Adrielsson 1984) and
the NE-till facies of the Dalby-Bricke-Sallerup
tills of Skadne (Berglund & Lagerlund 1981, La-
gerlund 1980, Ringberg et al. 1984).

In accordance with Andersen (1966) the west-
ern limit of the Mid Danish Till is marked by the
Main Stationary Line, which accordingly corre-
sponds to the limit of the Frankfurt Stage of nor-
tern Germany.

In Schieswig-Holstein the till disturbed by the
Fehmarn advance has tentatively been correlated
with the NE-till (Stephan et al. 1983), even
though principal dificulties in correlation based
on deduced directional pattern of movement and



Fig. 127: North Sjeelland Till (N) overlying finegrained water-
laid material and the Kattegat Till (K). Hundested.

clast petrography should be mentioned as stated
by Stephan et al. (1983).

6.10 NORTH SIAALLAND TILL
FORMATION

This till unit is named the North Sjelland Till be-
cause it is apparently confined to this part of the
examined region.

HISTORY

Rordam (1893) defined the upper till of North
Sjxlland as a Dala-Baltic till. however, stone
counts (Rordam 1893) revealed the presence of
both Fennoscandian and Baltic clast material
within this unit.

Sjorring (1973, 1974), using stratigraphical and
structural analyses concluded. that the upper till
of the Hundested area is of Fennoscandian clast
provenance. It was deposited by an ice sheet
from easterly directions, which most probably
caused the formation of N-§ orientated ice
shoved ridges in NE-Sjlland.
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SE of Hundested at Lynas Jensen (1977) con-
firmed Sjerrings observations and presented a till
fabric analysis from the upper till, which revealed
a strong longitudinal fabric indicating deposition
by an ice stream flowing in a direction from east
to west.

Houmark-Nielsen (1980, 1981, 1983c) mapped
this E-till in the central parts of North Sjlland.
The till is of Fennoscandian clast provenance,
and it is underlain by the NE-till and overlain by
a Young Baltic till. The E-till was assumingly a
non-Baltic equivalent to the Young Baltic till
from the western part of the Belthav region and
it was suggested, that both tills had been deposi-
ted by the ice stream, which reached the East Jyl-
land Iceborder Line.

TYPE SECTIONS

Hundested Klint and Store Karlsminde Klint
(Lynas) the latter lying about 3 km SE of Hun-
dested (fig. 44). Here the till and its associated
glaciotectonic unconformaties have previously
been described (Sjorring 1974, Jensen 1977).

REFERENCE SECTIONS

Lyngerup (loc. 180, fig. 44). In this recently
(1983) closed gravel pit, the North Sjelland Till,
its associated glaciotectonic unconformity at the
base of the till and the lower and upper bounding
units were accessible to study.
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North Sjeelland Till N=14

Fig. 128: Exotic stone counts, North Sjelland Till. Further ex-
planation fig. 110,
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North Sjaelland Till
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Fig. 129: Distribution of the North Sjzlland Till and associated
fabric analyses and glaciotectonic unconformaties.

" LITHOLOGY
The North Sjelland Till is usually brown, about 1
m thick and massive (fig. 127), however, banded
variaties of greater thickness do occur. Fine
gravel analyses show little quartz (0%-~6%) and

intermediate quantities of flint (20%). Exotic

stone counts demonstrates Fennoscandian pro-
venance (5%-20%-Pal.limestone) with an aver-
age of about 10% (fig. 128).

Clast orientation measurements revealed
longitudinal or mixed fabrics indicating deposi-
tion by an ice sheet flowing from easterly direc-
tions. - -

BOUNDARIES (fig. 105)

The North Sjzlland Till is separated from bound-
ing till units by waterlaid outwash material. It is
bound upwards by the Bzlthav Till and it overlies
the Mid Danish Till. Often glaciotectonic uncon-
formities at the base of the till indicating ice de-
formation from the east constitute the lower
boundary
DISTRIBUTION

The North Sjzlland Till is confined to the eastern
section of the examined region (fig. 129), and its
western limit- is, on somewhat speculative
grounds, placed somewhere in the Storebalt re-
gion. It is suggested, that the till was deposited
during a readvance from easterly directions dur-
ing deglaciation of the Main Weichselian ice

sheet. The formation of the younger recessional -
ice pressed structures and morphological el-

ements, that are related to the Main Weichselian
glaciation found in the Mols-Helgenzs-North
Samsg area (Houmark-Nielsen 1980; 1983c),
could possibly have been caused by thls read-
vance at its maximum extension.

AGE

Because it overlies the Mid Danish Tlll a Weich-
selian age younger than 20000 BP is indicated for
the North Sjzlland Till. It is overlain by a till of
the Young Baltic glacial phase, which on indirect
evidence is dated to about 14000 BP. Therefore
an age of 16000-15000 years BP is suggested for
the North Sjelland Till.

CORRELATION
With the present data available it has only been
possible to correlate the North Sjzlland till with
tills from two localities situated in the vicinity of
the area of distribution. The previous correspon-
dance to the Young Baltic till in the western part
of the Balthav region (Houmark-Nielsen 1980,
1981, 1983c) is no longer regarded as valid. This
is because, firstly, all directional properties differ
too greatly and secondly, the change from Fen-
noscandian to Baltic clast provenance in the
northern Storebzlt area is now regarded to be
too abrupt and pronounced to be explained by lo-
cal incorporation of older Baltic till material.
On the basis of its stratigraphic position, clast
provenance and deduced directional elements,
the North Sjzlland Till is correlated with the

“massive E-till, which overlies (NE-) push struc-

tures and a banded till supposedly deposited by

-the NE-ice stream, described from Dragstrup

(NE-Sjzlland) by Rasmussen (1974).

The North Sjelland Till is also correlated with
the upper till (c) of Fennoscandian clast proven-
ance overlying a glaciotectonic unconformaty in-
dicating ice pressure from the east described by
Petersen and Buch (1974) from Holmstrup, even
though this till is ascribed by these authors to the
Young Baltic ice advance. -

6.11 EASTJYLLAND TILL FORMATION
This till is named East Jylland Till, because it is
found in south-eastern Jylland and on adjacent is-
lands towards the south and east. Furthermore,
the maximum extension of the ice sheet, which
deposited the till, is defined by the East Jylland
Ice border line.
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The Baltic surface-till in east Jylland and the
ice advance, which reached the East Jylland Ice
border, have previously been referred to as till
D/D advance (Madsen et al. 1928) or the Young
Baltic till/Young Baltic advance or SE-till/SE-ad-
vance (Andersen 1945, 1957, 1966. Berthelsen
1973). Houmark-Nielsen (1980) informally used
the term East Jylland Till (@stjysk morene) to
indicate the till deposited by the Young Baltic ad-
vance in Jylland.

HISTORY

Harder demonstrated the Baltic clast composi-
tion of the youngest till in East Jylland deposited
by the ice stream, that reached the East Jylland
[ce border line.

Stone counts from the youngest till, which cov-
ers Fennoscandian tills south and east of the area
examined by Harder (Jessen 1907, 1930, 1935)
and Madsen (1897, 1900) also demonstrate Baltic
clast provenance. Thus, the till is also present in
more upstream areas on the mainland and east of
Jylland (Southern Jylland, Fyn, Samsé. Helge-
nes).

Madsen et al. (1928) described the youngest till
of eastern Jylland in terms of the flint quotient
and named it till D, and consequently the East
Jylland Ice border line was termed line D.

Contradictory to  V.Milthers (1932) and
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K.Milthers (1942) Berthelsen (1949) demon-
strated, that the hinterland of the East Jylland Ice
border consists of one homogeneous indicator as-
sociation indicating, that just one Baltic ice ad-
vance had covered eastern Jylland after the re-
treat from the Main Stationary Line.

Thamdrup (1970) showed, by the use of struc-
tural analyses, that a NE-till and underlying de-
posits at Mols Hoved had undergone glaciotec-
tonic thrusting and folding from a south-easterly
direction, presumably by the ice sheet which gave
rise to the final layout of the east Jylland Ice bor-
der on Mols.

Frederiksen (1975, 1976) showed, that the East
Jylland till was deposited from south-easterly di-
rections on the east coast of southern Jylland
and, that as well as the Baltic clast provenance it
was also characterized by re-deposited Quater-
nary foraminifera derived from Eemian sources
in the southern part of Denmark.

Sjorring (1973, 1974) found no trace of a
Young Baltic till in the Hundested area, North-
east Sjzlland. Further eastwards a Young Baltic
till deposited from southerly to south-easterly di-
rections (Berthelsen 1973, Berthelsen et al. 1976,
Rasmussen 1974) overlies Fennoscandian tills de-
posited by ice sheets from northeasterly to east-
erly directions.

Houmark-Nielsen (1980, 1981, Houmark-Niel-
sen & Kolstrup 1981) described the presence of
two Young Baltic till-beds with diverging direc-
tional properties on southern Samsg and Sejerg.
It was suggested, that the lower of the two was
deposited by the East Jylland advance and the
upper by the Bealthav advance, which respec-
tively reached the East Jylland Ice border and the
ice border lines in northern Storebalt. The
Young Baltic tills and their directional properties
in the area covered by the so-called Lillebaelt gla-
cier (Madsen et al. 1928: E advance) was related
to the Beelthav advance (Houmark-Nielsen 1981)
in an attempt to present old as well as new infor-
mation on the glacial stratigraphy east of the
Main Stationary Line.

TYPE SECTIONS
Senderby Klint (loc. 6. fig. 7) and Mols Hoved
(loc. 136, fig. 44). In these two well exposed clitf
sections the East Jylland Till, its associated gla-
ciotectonic unconformaties and lower bounding
till units are found.
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Fig. 131: Exotic stone counts, E:
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REFERENCE SECTIONS

Vestborg Fyr (loc. 146, fig. 44). Here on the
southern tip of Samsg the East Jylland Till and its
upper bounding Baltic.till unit and a glaciotec-
tonic unconformaty related to the latter unit is
present.

Nim-Hvirring (locs 16, 17, 18, fig. 39). Here
the East Jylland Till, its associated glaciotectonic
unconformaties and transitional, waterlaid facies,
which laterally replace the till, are exposed in
gravel pits along a segment of the East Jylland Ice
border. :

LITHOLOGY

The East Jylland Till is clayey, brown to grey and
usually between 1-2 m in thickness. It appears
both banded and niassive (figs 35, 130). Fine
gravel analyses show little quartz (less than 10%)
and intermediate quantities of flint (20%). Exotic
stone counts reveal baltic clast provenance with
an average of 25%-30% Pal.limestone ranging
from 15% to 40% (fig. 131). In the northern
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Fig. 132: Distribution of the East Jylland Till and associated fabric analyses, glaciotectonic unconformaties, ice-marginal positions and

sandur deposits.



Storebzlt area values approaching Fennoscan-

dian provenance do occur, however, these values -

are still much richer in Pal.clast material than the
underlying Mid Danish till at these localities.
In the southern part of the examined region the
till is also characterized by re-deposited mollus-
-can fragments and Quaternary foraminifera of
the Y-accumulation, derived from Eemian
sources situated in the southern part of the coun-
try. -
Analyses of clast orientation revealed longi-
tudinal and mixed fabrics indicating deposition of
an ice sheet from south-easterly directions, even
though local directions from the south and the
east have been noted.

BOUNDARIES (fig. 105)

On the mainland of Jylland and western Fyn no

upper bounding till unit has been observed, thus
in this part of the examined region the East Jyl-
land Till constitutes the youngest till deposit.
From descriptions of the geological map sheets
Haderslev (Jessen 1935) and Fredericia (Nor-
dmann 1958) it has been shown, that the upper
till is in places covered with Late Weichselian lim-
nic deposits.

On Samsg and in the Sejerg Bugt area the up-
per bounding till unit is the Belthav Till, glacio-
tectonic unconformities related to the Balthav
advance may also constitute the upper boundary.

The lower bounding till-unit in the western
part of the examined region is usually the Mid
Danish Till even though the till may directly
overlie older glacial (fig. 9) - or even Tertiary de-
posits. Glaciotectonic unocnformities at the base
of the till indicating ice pressure from easterly
over south-easterly to southerly directions may
constitute the lower boundary.

The till may be laterally replaced by ice mar-
ginal deposits (debris flows and proximal water-
laid material) towards the west along the East
Jylland Ice border (Houmark-Nielsen 1983a).

In the eastern part of the region or slightly
beyond it the East Jylland Till is assumed to be
laterally replaced by the Belthav Till, even

though such a transition has not been observed. -

DISTRIBUTION

The East Jylland Till is usually found in the west-
ern part of the examined region (Jylland, Fyn,
Samsg, Sejerg) and only very occasionally found
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on western Sjzlland (fig. 132). Its maximum ex-
tension lies along the East Jylland ice border line,
away from which meltwater streams from the
central and northern sector of the iceborder car-
ried outwash material towards the north and
westwards in the southern sector.

The directional pattern shows general glacier
movement from south-easterly directions with
more merging directions on the lee side (north-
western side) of Fyn. Close to the ice margin lo-
cal, diverging flow patterns are found.

AGE
The east Jylland Till is older than the Late Weich-
selian deposits which cover the till in local de-
pressions in eastern Jylland. Therefore a late
Middle Weichselian age is proposed. Radiocar-
bon datings of a mammuth tusk embedded in the
sandur deposits formed in front of the East Jyl-
land Ice border at Rosmus on Djursland (Pe-
tersen 1984) revealed an age around 13240 + 760/
-690 BP. Petersen (1984, pers.comm.) argued,
that this dating indicates the age of the East Jyl-
land Iceborder, because the mammuth tusk is
found in the highest elevated and proximal parts
of the outwash plain deposited during the maxi-
mum extension of the East Jylland ice. Deposi-
tion on the sandur apparently took place prior to
the transition to a dead ice phase; a phase that
was active on Mols as indicated by Rasmussen
(1977) and possibly also recorded west and north
of Egernsund, southernmost Jylland (Jessen
1945).

It has been suggested that northward flowing
outwash, draining the East Jylland ice, merged in
the Alborg area with the Younger Yoldia sea

- around 14000 BP (Berthelsen 1973). Petersen

(1984) suggests, that the maximum transgression
of the Younger Yoldia Sea and the formation of
the east Jylland Ice border were synchronous
events, which took place around 13500 BP.

As similar ages have been reported from shell
material deposited in front of the Halland coastal
moraines (Berglund & Lagerlund 1981), which
the present author has estimated to be slightly
younger than the Bzlthav readvance, and as this
readvance of the Young Baltic ice sheet (Bzlthav

" adv.) covered eastern Denmark and parts of

western Skane later than the East Jylland ad-
vance, it is suggested that the East Jylland Till
and the terminal moraines in eastern Jylland
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should be given an age of about 14000 BP rather
than the younger age proposed by Petersen
(1984).

CORRELATION ,
The East Jylland Till is correlated with the so-
called Hgjvang Till of the Arhus area (Kronborg

1983) which was presumably -deposited by the

East Jylland Ice advance.

The East Jylland Till is also connected to extra
regional Baltic tills and their associated under-
lying glaciotectonic unconformities indicating ice
pressure from south-easterly to easterly direc-
tions. They overlie Fennoscandian NE-tills and
are in turn overlain by Baltic till-units or have
been affected by glaciotectonic disturbances from
south-easterly or southerly directions. Such till
units or glaciotectonic unconformities are de-
scribed from Als (Sjgrring 1977), Ristinge Klint
(Sjorring et al. 1982), Omg (Jacobsen 1976) and
Korsgr (Nielsen 1980). Even though directional
properties do differ, the middle till of Hindsholm

(supposedly deposited from southwesterly direc- -

tions, Rasmussen 1975) could also have been de-
posited by the East Jylland ice advance.

It can be discussed, whether the next upper
Baltic till of Omg (Jacobsen 1976) or Lolland-
Falster (Sjgrring 1981b) was deposited .by the
East Jylland Ice advance or the Bzlthav read-
vance. It is however, suggested, that the east Jyl-
land Till in the southern part of Denmark as well
as in the eastern part of the examined region is
replaced laterally by the Baithav Till, and that
the latter till can also be divided into subunits de-
posited by local readvances during general degla-
ciation. ‘ :

6.12 BELTHAV TILL FORMATION
This till unit is named Bzlithav Till, because it is
. found in the Balthav region (Lillebzlt-Storebzlt-
@resund). Its maximum extension on Sjzlland is
marked by the pronounced marginal moraines
around Odsherred, whereas its position in the
Storebzlt is marked by arch shaped shoals on the
seabed, the highest parts of which form islands
(Samsg, Vejrg, Sejerg). This outline in Storebzlt
_has previously been referred to as the E-line
(Madsen et al. 1928) formed duting the Bzlt ad-
vance (E-advance). i

"HISTORY v ,
. V.Madsen (1897) and Ussing and Madsen (1897)
~ characterized the upper till of southern Samsg

and Hindsholm as Baltic, because of the large
quantities of Pal.limestone clasts found in the till.

Rgrdam (1893) and Reérdam and Milthers
(1980) suggest, that the upper till of north Sjel-
land was deposited by a Baltic ice stream, even

- though published stone counts suggest a more

complex depositional history. This till was corre-
lated with the upper, Baltic tills of South Samsg-
and Hindsholm. During deglaciation of the Baltic
ice stream outstanding recessional ice marginal
moraines were formed in Odsherred (V.Milthers
1900) and other N-S§’ trending ridges in NE-Sjel-
land (Gribskov Line, V.Milthers 1916) were also
ascribed to the retreat of this Baltic ice sheet.
Madsen et al. (1928) suggested, that the Belt
advance (E-advance) covered almost the whole
of Sjzlland and the maximum extension of this
Baltic ice sheet in Storebzlt was supposed to be -
marked by the islands of Samsg and Sejerg.
According to Berthelsen (1973, 1974) and Ras-
mussen (1974) the Baltic, SE-till constitutes the
youngest of the “upper tills” described by Rer-
dam (1893). Sjgrring (in Berthelsen et al. 1976)
has shown, that the Young Baitic advance dislo-
cated -the Strg Bjerge “esker” (NE-Sjzlland)
from southerly directions and deposited a Baltic
till in the area between Roskilde Fjord and Ar-

. resg, however, Sjgrring (1973, 1974) finds no evi-

dence of a Young Baltic ice transgression around
Hundested. o .
Houmark-Nielsen (1980, 1981, 1983c)
sketched the distribution of the Baltic surface till
in the northern Bzlthav region and concluded,

“that the till could be informally named the S/SE-

till or Balthav till and that it was deposited by the
Bzlthav advance. The maximum extension of

this advance, which was regarded as anice stream

independent of the East Jylland Advance, lies
along the marginal moraines of Odsherred and

"~ could be followed through Sejers Bugt and

northern Samsg southward towards Hindsholm.
Houmark-Nielsen (1981) correlated this advance
with the. outline of the Bzlt Stage (E-line)
sketched by Madsen et al. (1928).

TYPE SECTION
Loc. 8: Sejerg, fig. 7. Here the Balthav Till, its
bounding units and an associated glaciotectonic



Fig. 133: The Belthav Till, loc. 187, Arrenakke. See also fig.
62.

unconformity is seen in an occasionally well ex-
posed chff section.

REFERENCE SECTIONS

Loc. 146: Vestborg Fyr, fig. 44. Here the lower
bounding unit characteristic of the western part
of the examined region and a glaciotectonic un-
conformity related to the Belthav re-advance is
readily accessible for study in an. at times, well
exposed cliff section.

Loc. 180: Lyngerup, fig. 7. Here the lower
bounding till unit characteristic of the eastern
part of the examined region was accessible to
study in an abandoned gravel pit.

LITHOLOGY
The Bealthav Till is brown, clayey, mostly mas-
sive and up to 3 m in thickness (figs 102, 133).
Fine gravel analyses show little quartz (less than
6%) and intermediate quantities of flint (15-
25%). Exotic stone counts demonstrate Baltic
provenance with an average of 30% Pal.lime-
stone (fig. 134).
~ Clast orientation measurements revealed
longitudinal and mixed fabrics indicating ice
movement from eastern over southern to south-
western directions.

BOUNDARIES (fig. 105)
The Belthav Till is bound upwards by late Mid-
dle Weichselian deglaciationsediments (Hou-
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mark-Nielsen & Lagerlund 1987), or Late Weich-
selian-Flandrian deposits cover the till in depres-
sions. Thus the Bzlthav Till constitutes the youn-
gest Weichselian Till related to a glacier advance
in the eastern part of the examined region.

The lower boundary consists of glaciotectonic
unconformities indicating ice pressure from the
E, the SE, the S and the SW; and the Balthav Till
overlies the East Jylland Till in the central part of
the examined region and the North Sjelland Till
towards the east.

The till laterally changes into coarse waterlaid
outwash material along the terminal moraines of
Odsherred and it is assumed laterally to coincide
with the East Jylland Till in western North Sjal-
land.

DISTRIBUTION

The distribution of the Belthav Till and its asso-
ciated glaciotectonic unconformaties are con-
fined to the northern Storebzalt region and north-
ern Sjzlland except for Sjellands Odde (fig.
135). The till was apparently deposited by two
great glacier-lobes, one in Storebalt and one on
Sjelland. The western and northern limit of the
till and associated directional elements is esti-
mated to lie west of South Samsg, through North
Sams¢, north of Sejers and through the Odsher-
red ice marginal moraines northwards into Ka-

ssT 40 Y Jo ° °PAL
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Fig. 134: Exotic stone counts, Belthav Till. Further explanation
fig. 110.
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ttegat and can be drawn in accordance with Hou-
mark-Nielsen (1980, 1983c). Recessional advan-
ces which reached Rgsnzs and the area south of
Lammefjord are also shown in fig. 135. -

AGE

The existence of undisturbed limnic material de-
posited during the Bglling Interstadial (early
Late Weichselian) in the south-eastern part of the
country (Mgn, Kolstrup 1982) indicates, that de-
glaciation of the Young Baltic ice sheet had been
active before, and was progressing during the
very beginning of the Late Weichselian and, that
here after no ice advances transgressed the Dan-
ish region. Therefore, a very late Middle Weich-
selian age is indicated for the Belthav Till.

Owing to the lack of datings from the area in
Denmark covered by the Bzlthav Till, ages ob-
tained from southernmost Sweden are used to de-
termine a possible age. Even though conflicting
evidence as to the deglaciation pattern and the
nature of till deposition around the end of the
Middle Weichselian in Skane does exist (cf. Ber-
glund & Lagerlund 1981, Duphorn et al. 1979,
Ringberg et al. 1984) a tentative age determina-
tion is attempted.

Berglund and Lagerlund (1981) related the
Young Baltic advance and readvances to the de-
position of the upper Baltic facies of the Dalby-
Bricke tills prior to 13300 BP. Duphorn et al.
- (1979) and Ringberg (1984) argued to the con-

ADVANCIVE ICE

DIRECTION DEFORMATION
REGRESRIYENICE [ @] BELTHAV ICEBORDER LINE

ectonic unconformaties, ice-marginal positions and sandur depos-

trary that the so called Low Baltic ice advance
transgressed south-western Skane after 13200 BP
and deposited the younger (low-) Baltic till (Sun-
nand Till, Ringberg 1984) from westerly direc-
tions and correlated this advance with the
Bzlthav advance. It is, however, argued by La-
gerlund (1980) and Houmark-Nielsen and Lager-
lund (1987) that the till presumably related to the
Low Baltic advance (= @resund-Low Baltic gla-
cier) in fact was not deposited by an active glacier
but can be characterized as a subaqueous partly
ice-rafted till. i ’

On the background of the mentioned correla-
tion (Berglund & Lagerlund 1981) it is suggested,

- that an age slightly older than 13500 BP should be

applied to the Balthav Till, thus, the present au--
thor prefers the interpretation of Berglund and
Lagerlund (1981) and Lagerlund et al. (1983).

- However it must be kept in mind, that the

Bzlthav readvance eventually led to the deposi-
tion of the uppermost Baltic diamicton found in
Skane during its deglaciation.

CORRELATION

The Bzlthav Till is correlated with the upper Bal-
tic till of North Sjzlland (Berthelsen 1973, 1974,
Rasmussen 1974), from the rest of Sjzlland (Ber-
thelsen 1975, Jacobsen 1984, Nielsen 1980, Pe-
tersen 1973) and adjacent islands (Berthelsen et
al. 1977, Fredericia 1979, Jacobsen 1976, 1981),



eastern Fyn (Madsen 1902, Rasmussen 1975,
Ussing & Madsen 1897) and Ristinge Klint (Sjer-
ring et al. 1982) even though this upper till is
limestonefree at the latter locality. Also the up-
per Baltic till on Als (Sjgrring 1977) is correlated
with the Belthav Till.

The correlation of the Bzlthav Till with the
Baltic till deposited by the so called Lillebelt gla-
cier in the area between Kolding and Als (Hou-
mark-Nielsen1981) has been shown not to be
valid. This is because in the whole of the Lillebzlt
region north of Als only one Young Baltic till has
been observed, where as south and east of Als
two Young Baltic tills or glaciotectonic disturb-
ances related to two Young Baltic ice advances
have been observed (Jacobsen 1976, Sjgrring
1977, Sjdrring et al. 1982).

From the Ven-Glumslév area in the eastern
Oresund region and from western Skane the

Bzlthav Till is correlated with the Laebrink Till =

(Adrielsson 1984) and the upper Baltic facies of
the Dalby-Bricke - and Sallerup-Limhamn tills
(Berglund & Lagerlund 1981, Lagerlund 1980,
Ringberg et al. 1984) respectively.
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7. REGIONAL STRATIGRAPHY

OF PLEISTOCENE TILL
FORMATIONS

Till Formations erected in the present investi-
gation are correlated with extra-regional, glacial
stratigraphic till-units, and related to biogenet-.
ically classified interglacial/interstadial material,
absolute  datings and morphological elements
from areas in the vicinity of the examined region. .
By this comparison a schematic NE-SW’ oriented
cross section through an about 300 km wide sec-
tor covering central Denmark and strecting from
the @resund and southern Kattegat southwest-
wards through the examined region to the Dan-
ish-German borderland can be presented (fig.
139). The outline of this cross-section is based on
observations from the central Danish region
(present investigation) supplied with data from
southern Jylland (Jessen 1922, 1925, Jessen &
Milthers 1928, Kolstrup & Haveman 1984, V.
Milthers 1939, Sjgrring. & Frederiksen 1980,
Sjgrring 1981), Fyn (Rasmussen 1975, Smed
1962, Ussing & Madsen 1897), northern and cen-
tral Sjelland (Berthelsen 1973, 1974, 1975, H.

Lykke-Andersen 1979, Petersen 1973, Petersen

& Buch 1974, Petersen & Konradi 1974, Rasmus-
sen 1973, Schuldt 1981, Sjgrring 1973, 1974,
@dum 1933) and @resund (Adrielsson 1984, Ber-
glund & Lagerlund 1981, Houmark-Nielsen &
Lagerlund 1987, Lagerlund 1980, Rasmussen
1973). More general stratigraphic descriptions
and classifications combined with geomorpholog-
ical maps dealing with the larger part of southern
Denmark are also considered (S. Th. Andersen
1965, 1967, Hansen 1965, Mangerud et al. 1974,

Smed 1982). i )

THE ELSTERIAN

Except for the Palsgard Till (fig. 136, al) the pre-
Saalian tills: Spnder Vissing Till (fig. 136, a) and
Snoghgj Till (fig. 136, a2) can be correlated with
Norwegian and Baltic tills from southern Jylland
(Sjerring & Frederiksen 1980, Sjgrring 1981) and
Germany and the Netherlands (Ehlers et al.
1984). Ehlers et al. points out, that the Baltic-ice
is responsible for deposition of the younger of the
two tills. Such stratigraphic evidence has not
been - demonstrated from Denmark, but the
above mentioned age relationship is favoured by
Sjerring (1981, 1983) when observations made by
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V.Milthers (1939) in the Brande area are con-
sidered. Here a Baltic till is situated beneath de-
posits of limnic Holsteinian and the Baltic Till
presumably constitutes the youngest pre-Holstei-
nian Till.

Tills a, al and a2 (fig. 136) are ascribed to the
Elsterian glaciation, even though they have not
been found to overlie deposits of the Haresko-

vian (Cromerian?) Interglacial described by .

"~ S.Th.Andersen (1965). The lack of descriptions
of positively pre-Hareskovian tills prevents such
tills from being distinguished from Elsterian tills
on the basis of lithology alone.

During the Elsterian glaciation Norwegxan,
Middle Swedish and Baltic ice advances presum-
ably invaded the examined region in the men-
tioned order of appearance. .

- THE SAALIAN ,

Marine- and Limnic Holsteinian deposits situ-
ated respectively around the west coast of Jyl-
land e.g. at Tornskov and around Vejlby in the
Lillebzlt area (S.Th.Andersen 1963, 1965, 1967)
separate Elsterian and Saalian deposits. Accord-
ing to the present investigations, the Saalian com-
prises 3 till units (fig. 136, b—d) referred to as
Trelde Nes Till, Ashoved Till and Lillebzlt Till
respectively. - Till units are interbedded with
mainly glaciofluvial material.

Investigations in south western Jylland (Sjgr-
ring & Frederiksen 1980, Sjgrring 1981, 1983) re-
port one older Saalian till (called Drenthe type),
however indicator boulder accumulations “asso-
ciated with two source areas (Oslo region and
western Middle Sweden) are recognized in con-
nection with the outcropping of older Saalian tills
(K.Milthers 1942). In Schleswig-Holstein Ehlers
et al. (1984) recognizes one older Saalian till of
middle Swedish provenance deposited by an ice
stream from northeasterly ‘directions possibly
corresponding to the ice stream which deposited
the Ashoved Till. This could suggest, that the
maximum extension of the Trelde Nes Till lies
somewhere between the Danish-German border
and the southern part of Schleswig-Holstein.

The younger Saalian Till (fig. 136, d), Lillebzlt
Till, is found in almost the whole of the area cov-
ered by the cross section. It is overlain by marine
Eemian deposits in westernmost Jylland, around
southern Fyn and Lillebzlt and in the Samsg
area. Limnic Eemian deposits in southern Jylland

and -Fyn (S.Th.Andersen 1965, 1967, Hansen

11965, Milthers 1940, Sjgrring 1977, 1981, Sjor- -

ring & Frederiksen 1980) cover the till and ma-
rine Early- to Middle Weichselian interstadial de-
posits (Petersen & Buch 1974, @3dum 1933) ap-
parently overlie the Lillebalt Till in northern and
central Sjzlland even though Petersen (1984)
proposes a Weichselian age for the till at Holm- -
strup. '

A glacxotectomcally disturbed Drenthe type till
containing a fossil soil horizon on its surface has
been reported from Oksbgl by Sjgrring (1977)
and Sjgrring- & Frederiksen (1980). It is sug-
gested (Sjgrring & Frederiksen 1980, Sjgrring
1983) that the development of the fossil soil at
Oksbgl took place during the so-called Treene In-
terglacial prior to the deposition of Warthe tills in
Schleswig-Holstein. The Treene Interglacial is,
however, only recognized as fossil soil horizons
and until lithostratigraphic evidence has been re-
corded, sceptisism does occur as to the existence
of this interglacial (Ehlers et al. 1984).

The three described till units of the Saalian gla-
ciation (fig. 136, b-d) were respectively deposited
by the Norwegian Saale advance from northerly
directions, the Middle Saalian advance from
north-easterly directions, and the Paleobaltic ad-
vance from easterly- and south-easterly direc-
tions.

THE WEICHSELIAN )
During the Weichselian glaciers mvaded Den-
mark generally from northerly-, northeasterly-,
casterly-, and southeasterly- to southerly direc-
tions. It is proposed, that all major ice-advances
took place in the later half of the Middle Weich--
selian.

Thus, the present paper follow the definition of
this substage as given by Mangerud et al. (1974),
which implies that the Middle Weichselian-Late
Weichselian boundary is placed at 13000 BP.

An alternative age for that boundary lying at
25000 BP has been proposed by Mangerud and
Berglund (1978). These authors claim, that a di-
vision with only 3000 years for the Late Weichse-
lian is disharmonious in relation to the almost
100.000 years duration of the Weichselian glacial.
It is also advocated that a 25000 BP boundary is
useful both with respect to separating earlier gla-
cial phases from the maximum Weichselian gla-

“ciation and to obtain correspondance with the
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boundaries of the last glaciation in the British Is-
les and on the North American continent, This
matter has previously been discussed by
S.Th.Andersen (1979).

When the present author all the same favours
the 13000 BP boundary it is for the following rea-
sons. First of all this boundary has a long histori-
cal record in Danish geological litterature, and it
is placed around the time when glaciation ceased
and was succeeded by a pronounced climatic
amelioration that gave way for the Bglling and
Allergd Interstadials, which according to Man-
gerud.et al. (1974) coincide with the lower
boundary of the traditional Late-Glacial in north-
western Europe. Secondly the 13000 BP bound-
ary should be much easier to recognize lithostra-
tigraphically, to test through absolute dates and
to classify biostratigraphically in type sections
than the 25000 BP boundary. This is primary be-
cause terrestrial or marine deposits from the time
just prior to the maximum Weichselian glaciation
seems to be very scarcely represented in Den-
mark and absolute datings of deposits from this
period are performed on re-deposited mainly bio-
genetic material (Petersen 1984). Dates tend to
suggest, that 20000 BP marks a radical change in
environment rather than 25000 BP. To conclude
this discussion, it should be mentioned, that the
desire of Mangerud & Berglund to relate respec-
tively an older and a younger Weichselian glacial
phase each to an individual substage is readily
fullfilled without changing the age of the Middle/
Late Weichselian boundary. Thus, in the coun-
tries covered by the Scandinavian icesheet a Mid-
dle Weichselian glacial maximum is recognized to
have taken place around 22000 BP 18000 BP
(Mangerud 1981, Lundqvist 1981, Berglund &
Lagerlund 1981,- Hirvas et al. 1981, Krasnov
1978, Chebotareva & Makarycheva 1981, Droz-
dowski 1980, Kozarski 1980, Mojski 1985, Eiss-
mann & Miiller 1979, Ehlers 1983, Sjgrring 1983,
Petersen 1984). Likewise, an Early Weichselian
maximum is supposedly recognized around 60000
BP - 50000 BP (Mangerud 1981, Lundqvist 1981,
Hirvas et al. 1981, Krasnov 1978, Drozdowski
1980, Mojski 1985).

Six Weichselian lithostratigraphic till units (fig.
136, e-j) have been identified in open exposures
in the central parts of Denmark. Their directional
patterns and compositional features suggest, that
they were deposited by four major glacier trans-

gressions separated by intervals of glaciofluvial-
and periglacial activity. The existence of an ear-
lier (still Middle-) Weichselian glacier advance
prior to those mentioned is suggested by the pres-
ence of a glacial diamictite (Esrum diamictite,
fig. 136) found in borings in the deepest part of
the Esrum-Alnarp valley on northern Sjzlland
(Schuldt 1981).

Middle Weichselian interstadial deposits un-
derlie exposed Weichselian tills on Sejerg (Hou-
mark-Nielsen & Kolstrup 1981) or separate them
from older (Batltic) till material at Holmstrup on
north-western Sjzlland (Petersen & Buch 1974).

The oldest till unit: the Esrum diamictite (fig.
136) is described by Schuldt (1981). Because of
its content of specific re-deposited Middle Weich-
selian foraminifera it is believed to be younger
than the zone IV of the Skxrumhede II boring
(Bhanson et al. 1974), which according to Knud-
sen and Lykke-Andersen (1982) indicates a post-
Moershoofd age (post 47000-40000 BP). The Es-
rum diamictite is supposed to have been deposi-
ted by an ice sheet from northerly directions
(Schuldt 1981). However, its genesis must be re-
garded with some sceptism since the till is only
observed in borings. The overlying Esrum sand is
equivalent to the Grivie sand (Schuldt 1981),
which according to Berglund and Lagerlund
(1981) constitutes part of the Garslév Beds un-
derlying the Allarp- and Dalby Tills. The Rist-
inge Klint Till (fig. 136, ¢) is suggestingly corre-
lated either with the Baltic, Allarp Till or the
lower Baltic facies of the Dalby Till thus indica-
ting, that the Esrum diamictite and the Gérslov
beds was deposited before the Ristinge Klint Till.
This supports the tentative age relationship be-
tween the Ristinge Klint Till and the Sejerg In-
terstadial beds, where it is suggested, that the
Ristinge Klint Till was deposited after the Hen-
gelo Interstadial (post 36000 BP).

On the contrary, Petersen (1984, 1985) sug-
gests, that it is the Old Baltic, Weichselian till (=
Ristinge Klint Till) and not a Saalian Batltic Till
(= Lillebelt Till) that constitutes the substratum
for the marine Middle Weichselian beds at Holm-
strup. However, the pre-Middle Weichselian till
at this site is not underlain by Early Weichselian-
or Eemian deposits, in fact it overlies Tertiary
clay. It is moreover not characterized by a Y-
foraminiferal assemblage, but it contains only
limited quantities of Quaternary foraminifera



(Petersen & Buch 1974, p. 73). This makes a Saa-

lian age more probable. On this account is must
be concluded, that neither the stratigraphy of the
Holmstrup claypit nor the Baltic composition of a
till can be taken as evidence for an Early Weich-
selian, “Old Baltic” icestream in Denmark.

Although no direct stratigraphic evidence as to
the age relationship between the Ristinge- and
Kattegat Tills has yet been demonstrated, the ice-
stream which deposited the Kattegat Till (fig.
136, f) apparently caused glaciotectonic deforma-
tion of the Ristinge Klint Till in northern Sjel-
land. For this reason, it is suggested that the Rist-
inge Klint Till was deposited prior to the Kattegat
Till. The distribution of the Ristinge Klint Till
and the Kattegat Till is rather uncertain, how-
ever, it is assumed, that the former is confined to
the south-eastern half of the country, whereas the
latter is confined to northern and middle part of
Denmark. The tills were deposited by the Old
Baltic- and the Norwegian advances respectively
from south-easterly- and northerly directions.

The Mid Danish Till (fig. 136, g) is found in the
whole of the country east of the Main Stationary
Line. It was deposited by the Main Weichselian
ice advance probably around 20000 BP from
northeasterly directions and it overlies the Ka-
ttegat Till - and is overlain by the North Sjzlland
Till in the northeastern part of the examined re-
gion. During the decay of this ice sheet readvan-
ces covered parts of the examined region presum-
ably between 20000 BP and 15000 BP. An older
readvance (Fyn Readvance) transgressed Fyn
and the eastern parts of Jylland and dislocated
the previously deposited Mid Danish Till and
formed the central dead ice deposits on Fyn. The
North Sjelland Till is separated from the former
till by waterlaid outwash material. The North
Sjelland Till was deposited from easterly direc-
tions presumably by a younger readvance (Store-
balt Readvance) of the Main Weichselian ice
sheet. It is suggested, that the Mid Danish Till
and the North Sjzlland Till merge into a single
till unit in the north-eastern part of Sjzlland or
the @resund region. The North Sjzlland Till is
confined to the area east of Storebzlt. An even
younger readvance is assumed to have formed
the N-S trending so-called Gribskov ice marginal
hills in NE-Sjelland.

The East Jylland- and the Balthav Tills (fig.
136, i-j) were deposited by the Young Baltic ice-
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sheet generally from south-easterly directions
most probably between 14000 and 13500 BP.
They overlie the Mid Danish Till towards the
west and the North Sjzlland Till in the eastern
part of the country. At an early stage of maxi-
mum extension along the East Jylland Ice border
the East Jylland Till was deposited in the area
west of Sjelland. Shortly after a readvance of the
Young Baltic ice sheet (Bzlthav readvance) de-
posited the Bzlthav Till in the eastern parts of
the examined region and around @resund and
successive readvances formed terminal moraines
southward through Storebelt.

In the @resund region the Bzlthav Till and its
equivalents in Skéne is overlain by droped and
dumped diamict material (Helsinggr diamicton:
Houmark-Nielsen & Lagerlund 1987) deposited
in connection with a late Middle Weichselian
transgression (Adrielsson 1984, Lagerlund &
Berglund 1981). In central NE-Sjlland Young
Baltic tills are overlain by limnic deposits (Al-
lergd Interstadial) and deposits of the Bglling In-
terstadial presumably cover these tills on Meén
(Kolstrup 1982). In the whole of the region cov-
ered by the cross section Late Weichselian (post
13000 BP, Mangerud et al. 1974) deposits locally
overlie the younger of the previously described
Weichselian till units.
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8. GLACIAL HISTORY OF THE
CENTRAL PARTS OF DENMARK

The following account covers the glacial history
of the Pleistocene of Denmark primarily as de-
duced from the present investigation in the cen-
tral Danish region. It is supplemented by infor-
mation from adjoining areas comprising the
country dealt with in the schematic stratigraphic
cross section of southern Denmark (fig. 136).
The history of the eastern part of Denmark is
compiled from Houmark-Nielsen (1981, 1983c,
Jacobsen 1981a, 1981b, 1985, Kriiger 1969, Kron-
borg & Knudsen 1985, Sjgrring et al. 1982). The
account of central and northern Jylland is taken
from Gry (1979), Jensen & Knudsen (1984),
Kronborg (1983), Rasmussen & Petersen (1980),
and western Jylland from Sjgrring & Frederiksen
(1980). Regions of neighbouring countries (es-
pecially Skane and Schleswig-Holstein) are also
considered in order to present a more compre-
hensive outline. Data from northern Germany
are compiled from Ehlers & Stephan (1983), Eh-
lers (1983), Ehlers et al. (1984), Eissmann &
Miiller (1979), Hurtig (1979), Stephan & Menke
(1977) and Stephan et al. (1983), and summar-
ized for southern Sweden from Adrielsson
(1984), Berglund & Lagerlund (1981), Lagerlund
(1980), Lagerlund et al. (1983) and Ringberg
(1984).

The Elsterian, the Saalian and the Weichselian
glaciations are described (fig. 136) in terms of
chronology,. directional properties, ice-distribu-
tion and deposits of glaciers and meltwater sup-
plemented by information from descriptions of
interstadial deposits. Interglacial periods are only
described in general terms, based mainly on the
presentation given by S.Th. Andersen (1965,
1967).

8.1 A PRE-ELSTERIAN GLACIATION

Deposits of pre-Elsterian glaciations have not
been recognized for certain in the central Danish
region. However, S.Th.Andersen (1965, 1967)
argued that the interglacial deposits at Harreskov
(central Jylland) are older than the Holsteinian;
they possibly constitute a younger part of the
Cromerian Interglacial complex. Between the
Harreskovian Interglacial deposits and beds of
Tertiary clay, glaciolacustrine and glaciofluvial
deposits overlie a clayey glacial diamicton (S.Th.

Andersen 1967). This suggest that during a pre-
Elsterian glaciation, possibly the Menapian an ice
sheet deposited a till; it is not unlikely, that the
ventifacted, mainly quartzite- and quartzitic
sandstone rock and boulder horizons found be-
tween the Tertiary deposits and the older tills in
the examined region comprise residual till mate-
rial of pre-Elsterian derivation.

According to S.Th.Andersen (1967) pre-Har-
reskovian till deposition was followed by sedi-
mentation of glaciofluvial material around Har-
reskov and @lgod in central Jylland. During the
close of this glaciation local depressions were
filled with meltwater clay and solifluction mate-
rial.

THE HARRESKOVIAN INTERGLACIAL
During the Harreskovian Interglacial some of
these local depressions were filled with lake marl
and diatomaceous gyttja in the area of west-cen-
tral Jylland. Pollen analysis (S.Th.Andersen
1965, 1967, 1969) indicates that an open vegeta-
tion was succeeded by temperate, deciduous for-
est. As the calcareous soil was leached, conifer-
ous forests took over and by the end of the Har-
reskovian. open vegetation again replaced the
forests.

8.2 THE ELSTERIAN GLACIATION
Elsterian glacigenetic deposits comprise very
quartz-rich tills of Norwegian, Middle Swedish
and Baltic provenance, possibly deposited in this
order, and found at just a few localities within the
central Danish region.

At Plgod, deposits of the Harreskovian Inter-
glacial are overlain by solifluction material inter-
bedded with two limnic gyttja horizons repre-
senting the Plgod I- and @lgod II Interstadials
(S.Th.Andersen 1965, 1967). During the Dlgod I
Interstadial the temperate forest reclaimed the
area, whereas at the time of the @lgod II Inter-
stadial a less pronounced climatic amelioration
allowed only an open vegetation to re-occur.

Outwash sand and- gravel, overlying the sol-
ifluction material and interstadial deposits was
probably deposited by meltwater streams emer-
ging from the first Elsterian ice sheet (Norwegian
Elster Advance). This invaded the country from
the north and deposited the sandy Sgnder Vissing
Till (fig. 136a) which is characterized by large
amounts of Norwegian indicators. This ice ad-



vance apparently terminated east of the Nether-
lands (Wee 1983) and left prominent terminal
moraines on the north German lowlands, where
it deposited till and outwash material rich in Nor-
wegian indicators (Ehlers et al. 1984, V.Milthers
1909).

Whether or not the Norwegian Elster Advance
and the advance which deposited the Elsterian
sandy to clayey till of Middle Swedish composi-
tion: i.e. the Palsgard Till (fig. 136a.1), were sep-
arated by interstadial conditions is uncertain, nei-
ther is the distribution of this Middle Elsterian
Advance known in any detail.

It is most likely, however, that the latter ad-
vance was succeeded by a Baltic ice stream,
which deposited the clayey Snoghgj Till (fig.
136a.2) and the older Baltic tills of southwest Jyl-
land (Sjgrring 1981, 1983), the Brande area (V.
Mitthers 1939} and western Limfjord (Jensen &
Knudsen 1984). This Baltic Elster Advance prob-
ably terminated in northern Germany and the
North Sea. At the end of the Elsterian a marine

" transgression reached the North Sea coast by the
Ribe-Esbjerg area (cf. S.Th.Andersen 1963,
1965, 1967, Madsen et al. 1928) and the western
Limfjord region (Jensen & Knudsen 1984) and
marine clay containing an arctic foraminiferal
fauna was deposited. Pollen successions compar-
able to limnic inland deposits at Tornskov can be
found throughout this marine series that cover in
time the late Elsterian and most of the Holstei-
nian (S.Th.Andersen 1963, 1965, 1967).

Madsen et al. (1928) and Madsen & Nordmann
(1940) .suggested that the Tellina clay of Ragle
Klint was deposited contemporaneously with the
lower part of the Yoldia clay at Esbjerg. The ma-
rine clay at Rggle has an arctic and poor mol-
luscan fauna deposited in a glacio-marine envi-
ronment (Madsen et al. 1928)). The assignment
of the Tellina clay to the transition between the
late Elsterian and the early Holsteinian is fa-
voured by Knudsen (1966); however, there are
still insufficient micropaleontological knowledge
concerning the Tellina clay, (Feyling-Hanssen &
Knudsen (1979).

Simultaneously with the on-coming transgres-
sion, meltwater clay was washed down into local
depressions in eastern Jylland (S.Th.Andersen
1965, 1967) and the Brande area (V.Milthers
1939) and into larger basins in the western Lim-
fjord area (Jensen 1985). These basins and lakes
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were later to be filled with limnic and marine
Holsteinian deposits. According to Jensen (1985)
the meltwater clay could very well be equivalent
to the so called Lauenburg clay from northern
Germany (cf. Ehlers et al. 1984).

THE HOLSTEINIAN INTERGLACIAL

The transgression reached its peak during the
Holsteinian Interglacial and marine clay with a
boreal foraminiferal fauna was deposited by the
sea in the Ribe-Esbjerg - and western Limfjord
regions (cf. Knudsen & Feyling-Hanssen 1976,
Jensen & Knudsen 1984, Kundsen 1986) as well
as in the western part of Kattegat (Kronborg &
Knudsen 1985, Knudsen 1986).

In central and eastern Jylland around the
Trelde Nzs-Rands-Vejlby area local depressions
were filled with limnic deposits consisting mainly
of lake marl and diatomite. Palynological investi-
gations (S.Th.Andersen 1965, 1967, V.Milthers
1939) have revealed a characteristic plant succes-
sion, apparently developed on lime-poor or sour
soils. Herbaceous vegetation was succeeded by
an open vegetation, that developed into mostly
coniferous, temperate forests which, by the end
of the Holsteinian, were again succeeded by
herbaceous vegetation.

8.3 THE SAALIAN GLACIATION

Three major ice advances separated in time by
deposition of glaciofluvial material dominate the
Saalian.

The Saalian glaciation was initiated with the fi-
nal infilling of the previously mentioned lake ba-
sins. Solifluction material alternating with two
limnic beds of the Vejlby I - and Vejlby II Inter-
stadials are recognized in the Rands Fjord area
(S.Th.Andersen 1965, 1967). The interstadials
are characterized by an open, almost temperate
forest vegetation.

Glaciofluvial sand and gravel locally filled the
lake basin at Trelde N=s and formed a sandur
cover deposited by west- to southward-moving
meltwater streams which flowed over large parts
of central and southern Jylland (fig. 105, Sjgrring
& Frederiksen 1980). These waterlaid deposits,
referred to as the “Norwegian” gravel by
V.Milthers (1939), probably emerged from the
first Saalian ice advance.

This Norwegian Saale Advance deposited a
sandy, quartz-rich, Fennoscandian till: the Trelde
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Nes Till (Fig. 136b), with a readily-apparent
Norwegian indicator erratic content and other
characteristic rock fragments of northerly pro-
venance. These include flint conglomerate and
late Paleocene, ash-bearing diatomite (Fur For-
mation) previosly referred to as Moler. Recently
Sjgrring (1983) advocated that the flint conglom-
erate- and thombporphyry-bearing Drenthe type
till constitutes the older of the Saalian tills of
western Jylland.

The Norwegian Saale Advance invaded the
country from northerly directions and probably
terminated south of the Danish-German border-
land, although some disagreement exists as to the
transgression of this ice stream into Schleswig-
Holstein (Ehlers et al. 1984).

During the retreat of the Norwegian Saale Ad-
vance a readvance (locally?) from north-western
directions dislocated the Trelde Nes Till and ol-
der deposits in the Vejle Fjord area. During the
final withdrawal of this ice sheet glaciofluvial ma-
terial was deposited by westward moving melt-
water streams (fig. 105) before the arrival of the
Middle Saalian ice sheet.

The Middle Saalian Advance commenced with
the deposition of finegrained glaciofluvial mate-
rial and as the glacier approached, ending up with
proximal outwash deposits and flow till sedi-
ments. The Middle Saalian ice sheet invaded the
country from north-easterly directions, and de-
posit the sandy, quartz-rich, Ashoved Till (fig.
136¢), which is characterized by Fennoscandian
clast composition and associated Middle Swedish
indicators (Kinnediabase) and rock fragments
from the Fennoscandian border zone in Kattegat
(Katholm erratics) as well as by re-deposited
Holsteinian foraminifera.

The advance from the NE of the Saalian glacia-
tion is most probably equivalent to the Older
Saalian glacial phase in northern Germany (Eh-
lers et al. 1984, Eissmann & Miiller 1979) and the
Saalian Stadial III (Wee 1983), which deposited
the till of the Drenthe Formation and covered the
larger part of the Netherlands (Zagwijn 1963).

- The deglaciation of this ice sheet was accompa-
nied by deposition of the glaciofluvial materal ob-
served at several places in the central Danish re-
gion. In the Esbjerg area a podsolic paleosoil
(Oksbgll Soil, fig. 136), which developed be-
tween the Drenthe and Warthe advances (Sjgr-
ring 1981a, 1983), could possibly indicate a cli-

matic amelioration before the Younger Saalian
(Paleobaltic) Advance. Recent investigations of
pre-Eemian marine deposits (Knudsen & Lykke-
Andersen 1982) containing an arctic foraminif-
eral fauna tend to suggest that interstadial condi-
tions prevailed in north Jylland before (or dur-
ing) deposition of the pre-Eemian Baltic till com-
plex recorded in the Skerumhede I boring (Jes-
sen et al. 1910).

The youngest of the Saalian glaciers that cov-
ered Denmark was the -Paleobaltic Advance. It
invaded the central Danish region from easterly
to east-south-easterly directions and deposited a
clayey, quartz-poor, chalk-rich, till named the
Lillebzlt Till (fig. 136d). This is characterized by
Baltic indicator erratics and Palaeozoic sand-
stone, limestone and shale fragments. Appar-
ently, Scanian basalt indicator erratics are also
associated with the Lillebzlt Till.

Even though documentation is lacking it is not
unlikely, that the Paleobaltic Advance termi-
nated in western Jylland as proposed by Sjgrring
(1983, p. 174), however, terminal moraines are
not found in west-central Jylland. The presence
of a “Warthe” till around the western Limfjord-
and the Skzrumhede areas (Jensen & Knudsen
1984, Jessen et al. 1910) as well as in the area
south of Esbjerg (Sjgrring & Frederiksen 1980),
suggests that the Paleobaltic Advance went at
least as far to the NW as the present North Sea
coast of northern Jylland and transgressed the
present marsh-land between the Esbjerg-Ribe
area and the northern part of Schleswig-Holstein.

It has been noted, that correlation of Saalian
tills across the Danish-German borderland is
quite troublesome and it is recognized, that two
different concepts of Saalian stratigraphy have
been put forward in the German literature (cf.
Ehlers et al. 1984). However, it is suggested that,
in spite of being represented as one bed of till in
Denmark, the Paleobaltic Advance presumably
corresponds to the Middle- and Younger Saalian
Advances that invaded northern Germany from
north-easterly and easterly directions (Ehlers &
Stephan 1983, Ehlers et al. 1984) and the Youn-
ger Saalian till mentioned by Eissmann & Miiller
(1979). At the maximum extension of this ice
sheet terminal moraines were built up in Lower
Saxony between the rivers Weser-Aller and the
Elbe. During the Younger Saalian glaciation,
which is regarded by the present author as a read-



vance of the former Baltic ice sheet, glaciers
reached western and central Schleswig-Holstein
and the area immediately west of Hamburg.

The deglaciation of the Paleobaltic ice sheet
led to the development of vast, dead-ice land-
scapes in southern and central Jylland (Jessen &
Milthers 1928). The formation of a large number
of kettle holes draped by and partly filled with
‘meltwater clay and solifluction material (S. Th.
Andersen 1967, Hartz 1989, Jessen & Milthers
1928, Madsen 1916), marks the end of the Saalian
glaciation.

THE EEMIAN INTERGLACIAL

During the Eemian, a marine transgression inun-
dated low lying parts of the country and inev-
itably the distribution of the Tapes Sea (fig.-136)
became somewhat comparable to the present
land and sea configuration. In more elevated
areas limnic deposits were sedimented in lake ba-
sins. S.Th.Andersen (1957, 1961, 1965, 1967) and
Jessen & Milthers (1928), especially investigated
the “bog field” around Brgrup, where more than
12 undisturbed interglacial peat bogs had been
mapped within an area of less than 4 km?
(V.Milthes 1925).

Palynological analyses of the Brgrup Bogs (fig.
136) (S. Th. Andersen 1965, 1967) indicate, that
the previous sedimentation of meltwater clay and
solifluction material at the beginning of the Ee-
mian had been followed by gyttja sedimentation.
Around lakes, open vegetation was relatively
quickly replaced by dense deciduous, temperate
forests. As the lakes grew over and the soil was
leached, coniferous forests dominated the veg-
etation, which by the end of the Eemian had
again become open, before this was succeeded by
herbaceous vegetation.

In the Lillebzlt region at Stensigmose Klint
and Ristinge Klint (Jessen & Milthers 1928, Kon-
radi 1976, Madsen et al. 1908, Sjgrring et al.
1982, Surlyk 1980) marine Cyprina clay overlies
limnic and brackish Early Eemian deposits. Bo-
reo-Lusitanic marine clay deposited in a rela-
tively shallow environment is most frequently
found in the coastal areas of southern Jylland and
southwestern Fyn. It is also occasionally found in
the Samsg area and more often in south-eastern
Sjzlland (S.Th.Andersen 1967, Houmark-Niel-
sen 1980, Lykke-Andersen 1979), whereas deep
water deposits are found in northern Jylland
(Knudsen & Lykke-Andersen 1982). According
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to Knudsen and Lykke-Andersen (1982) Boreo-
Lusitanic marine ecological conditions of the Tur-
ritella terebra Zone (Skzrumhede sequence)
changed into a shallow Boreal environment dur-
ing a late Eemian/Early Weichselian regression.

8.4 THE WEICHSELIAN GLACIATION

In south-central Jylland the Weichselian glacia-
tion was initiated by deposition of sandy, leached
solifluction material into the already existing lake
basins around Brgrup and Ejstrup. During the
Early Weichselian, two periods of climatic ame-
lioration called the Rodebzk (= Amersfoort)
and Brgrup Interstadials are represented by
gyttja and peat deposits (S.Th.Andersen 1961,
1965, 1967). - An open, temperate, coniferous
vegetation characterizes these interstadials. Fi-
nally the “Brgrup kettle bogs” were filled with
solifluction material, thus most of the terrestrial
Early Weichselian is dominated by artic tundra
vegetation in a presumably dry, polar climate as
demonstrated from Skéne, southern Sweden (cf.
Berglund & Lagerlund 1981).

An apparently continuous marine sedimenta-
tion of the Skerumhede sequence (Bahnson et al.
1974) suggests, that several Interstadials can be
recognized in these artic sea beds. Knudsen &
Lykke-Andersen (1982) argued that the Brdrup
Interstadial possibly constitutes the upper parts
of the Turritella terebra - or Abra nitida Zones.

THE MIDDLE WEICHSELIAN

The Middle Weichselian is characterized by de-
position of limnic- and marine interstadial sedi-
ments, coversands, glaciofluvial-glaciolacustrine
material and eventually till deposits.

During the Moershoofd and Hengelo Intersta-
dials an open vegetation characterized by Junipe-
rus growth around Tinglev, southern Jylland
(Kolstrup & Havemann 1984) and a Herbaceous
vegetation developed on Sejerg (Houmark-Niel-
sen & Kolstrup 1981), but generally a high arctic
“mammoth-steppe” vegetation characterized the
Middle Weichselian of southern and central Den-
mark (Petersen 1984) as well as Skane (Berglund
& Lagerlund 1981).

According to Lykke-Andersen (1981, 1982,
Knudsen & Lykke-Andersen 1982) Middle
Weichselian Interstadials can be traced in the
Skarumhede sequence by changes in foraminif-
eral faunas in the Portlandia arctica zone. @dum
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(1933) indicates that northern Sjzlland was sub-
jected to a transgression from the north by the
Skzrumhede Sea (fig. 136). Petersen (1984) esti-
mated the transgression to have taken place in
the time between the Moershoofd- and Hengelo
Interstadials, and shell-bearing clay with arctic to
boreoarctic, foraminiferal faunas characterize the
Middle Weichselian marine deposits of Holm-
strup, north-western Sjzlland (Petersen & Buch
1974). Diamictic deposits from northeastern
Sjzlland containing a poorer, but similar, for-
aminiferal fauna called the Grasted clay (Peter-
sen & Konradi 1974) have also been included in
the primary marine deposits (Lykke-Andersen
1979). ~

The first recorded Weichselian till deposition
was supplied from northerly directions; presum-
ably the so-called Esrum diamictite was laid
down (fig. 136) later than the Moershoofd Inter-
stadial (Schuldt 1981). It is not clear whether the
Esrum diamicton was deposited from an active
glacier or by drop and dump from drifting ice-
bergs. However, its sedimentation could be con-
nected with the later stages of the Middle Weich-
selian transgression previously mentioned. By
the time of regression of the Skzrumhede Sea/
withdrawal of icesheet, the Esrum sand (Schuldt
1981) was deposited in the Esrum-Alnarp valley
draining the Baltic into the Kattegat depression
as proposed by Lagerlund (1980). It is not un-
likely that fine grained deposits found beneath
the Ristinge Klint Till were deposited simulta-
neously with the Esrum Sand. East of @resund
the Girdslov core in the Alnarp valley revealed
terrestrial, limnic sediments deposited during in-
terstadial conditions between 35000 BP and
20000 BP.

8.5 AGE OF THE FIRST WEICHSELIAN
GLACIATION IN DENMARK
Opposite viewpoints have been presented regard-
ing a possibly Early Weichselian glaciation in the
southern margin of the areas covered by the
Scandinavian icesheet during the last glaciation.
In the lower Vistula region (Drozdowski 1980,
Mojski 1985) and on the Valdai Russian plain
(Krasnov 1977) several authors have suggested
the existence of an Early Weichselian glaciation.
However, opposing arguments have also been
published. Chebotareva & Makarycheva (1981)
and Kozarski (1980) report respectively of an

early “Iceless Valdai” and a non-glaciated Pleni
Vistulian. Thus, these authors concluded that
glaciers did not reach western Russia or the
Great Polish Lowland until late in the Middle
Weichselian. In northern Germany Eissmann &
Miiller (1979) find no evidence of an Early
Weichselian stadial and east of @resund in Skéne
Berglund & Lagerlund (1981) suggest, that from
the start of the Early, through most of the Middle
Weichselian until about 20000 BP the environ-
ment was characterized by arctic tundra vegeta-
tion and polar deserts occasionally interrupted by
subarctic woodlands during interstadials.

It must be argued, that even though an Early
Weichselian ice sheet could have existed in the
Baltic region as far south as northeastern Poland,
glaciers did not necessarily reach Denmark, al-
though this has been proposed by Petersen (1984,
1985). The evidence cited by Petersen in favour
of an Early Weichselian glaciation in Denmark
will briefly be considered. First of all, as stated
earlier, the presence of a Baltic till overlying Ter-
tiary clay and situated beneath Middle Weichse-
lian marine deposits at Holmstrup (western Sjzl-
land) does not indicate an Early Weichselian age
for the till. Secondly, Juniperus fragments of the
Moershoofd Interstadial on the Frgslev fan of the
Tinglev sandur (southern Jylland), which is sug-
gested by Kolstrup & Havemann (1984) to post-
date deposition of larger parts of the outwash
fan, has not convincingly been demonstrated to
appear in situ. In fact it is highly probable that re-
working of the wood fragments took place in con-
nection with the sedimentation of the sandur fan,
thus the existence of Middle Weichselian wood
fragments in the fan sediments is not an indica-
tion of an Early Weichselian glaciation.

Thirdly, thermoluminescence dating of water-
laid sand overlying limnic Eemian deposits at
Hollerup (north-central Jylland) revealed ages
around 67.000 TL-years (Kronborg 1983). This
supposed meltwatersand is estimated to relate to
the Old Baltic Advance (Petersen 1984, -1985),
even though the reliability of other TL-datings on
outwash material is quite troublesome. As an ex-
ample meltwater sand presumably deposited dur-
ing the interval between the Main Weichselian
Advance and the East Jylland Advance at two
sites has been TL-dated (Kronborg 1983). Out-
wash material overlying limnic Eemian deposits
at Ejstrup (loc. 90) and meltwater sand overlying



the Sejerg Interstadial, the Ristinge Klint Till
and the Mid Danish Till at Sejerg (loc. 8) respec-
tively gave dates around 117000 TL-years and
31000 TL-years. Being considerably older than
expected from other dated material the TL-dat-
ings on glaciofluvial material must still be re-
garded with great sceptisism. :

As a conclusion it must be stressed that the ar-
guments put forward in favour of an Early Weich-
selian glaciation in Denmark are rather insuf-
ficient. On the contrary it is proposed that the
Sejerg Interstadial antedates the Old Baltic Ad-
vance as shown by the present investigation.
However, this documentation is not as solid as
could be desired, therefore, the age of the Old
Baltic Advance must still be regarded as an open
question even though an age younger than post-
Hengelo Interstadial is favoured by the present
author.

8.6 THE OLD BALTIC ADVANCE

Deposits from the oldest Weichselian ice advance
recognized from open exposures constitutes the
Ristinge Klint Till (fig. 136¢). The Old Baltic Ad-
vance deposited a quartz-poor, clayey till con-
taining Baltic indicator erratics and re-deposited
Eemian foraminifera most probably later than
the Sejerg (= Hengelo) Interstadial. The Old
Baltic advance apparently covered most of Sjzl-
land, the southern and central Storebzit region,
southern Fyn and southeastern Jylland. Slightly
modified this distribution corresponds to the out-
line proposed by Sjgrring (1975, 1983). Glacio-
fluvial outwash material deposited by west- to
northward flowing meltwater streams found in
the middle and southern part of the central Dan-
ish region and overlain by the Mid Danish Till or
its associated glaciotectonic unconformities prob-
ably emerged from the Old Baltic ice sheet.

Ice of the Old Baltic Advance invaded south-
eastern Denmark from south-easterly to easterly
directions (cf. Berthelsen et al. 1977, Sjgrring
1977, Sjerring et al. 1982) and according to
S.A.Andersen (1966) and Sjgrring (1977) it is
highly probable that this ice-sheet corresponds to
the Brandenburg glacial stage described from
northern Germany (cf. Hurtig 1969).

8.7 THE NORWEGIAN ADVANCE

Apparently succeeding the Old Baltic Advance,
ran ice stream from northerly directions trans-
' gressed the northern Balthav region, north-east-
!
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ern Sjelland and northwestern Skéne (Adriels-
son 1984, Berthelsen 1974, Houmark-Nielsen
1976a, 1976b, 1976¢c, 1980, 1981, Lagerlund &
Berglund 1981, Rasmussen 1973, 1974, Schuldt
1981, Sjgrring 1973, 1974). The Norwegian ad-
vance deposited a clayey, quartz poor, Fennos-
candian till the Kattegat Till (fig. 136f) containing
Norwegian indicators and characterized by mol-
luscan fragments and re-deposited Quaternary
foraminifera derived from Older Yoldia clay/Up-
per Skerumhede sequence. A possible distribu-
tion of the Norwegian Advance is sketched by
Sjerring (1975, 1983), who on published and un-
published grounds suggested that the Norwegian
Advance terminated in the region along the east-
west oriented part of the Main Stationary Line
and in the northern parts of Samsg and Sjzlland
and north-western Skéne.

Glaciolacustrine redeposition of its till material
(Houmark-Nielsen 1976a, 1976b, 1976¢, 1980,
Jensen 1977, Sjgrring 1973, 1974) suggests that
deglaciation of the Norwegian ice sheet was in
operation before a readvance from northerly di-
rections reached the coastal areas of northern
Sjelland (Jensen 1977, Sjgrring 1973, 1974).
During the withdrawal of this readvance glacio-
deltaic- and glacio-fluvial material deposited by
south- and westward moving meltwater streams
was deposited south of the glaciated area covered
by the readvance on Sjzlland (Houmark-Nielsen
1980, Clemmensen & Houmark-Nielsen 1981,
Jacobsen 1985).

The final deglaciation of the Norwegian ice
sheet gave way to the deposition of mainly fine
grained, fluvial and deltaic deposits over large
areas in the northern part of the central Danish
region (Houmark-Nielsen 1980) and the @resund
region (Glumslov Member: Adrielsson 1984)).
Northward-directed palacocurrents prevailed
and it is suggested that deposition took place in
an ice-free interphase between the Norwegian
and the Main Weichselian advances. Hence, the
palaeocurrent patterns reflect a regional outlet
drainage trend of water flow from the Baltic de-
pression, which could have been occupied by
(stagnant?) Old Baltic ice, through the Danish
straits into the Kattegat basin.

8.8 THE MAIN WEICHSELIAN ADVANCE
In the central Danish region the initiation of a re-
newed ice transgression is marked by the deposi-
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Fig. 137: Main Weichselian Glaciation. 1; Ice-marginal position, 2: Sandur deposits and possible course of meltwater rivers, 3: Flow
lines, 4: Estimated distribution of the Younger Yoldia Sea, 5: Pre-Weichselian deposits. Morphological elements and ice-margins
compiled after Hurtig (1969), Smed (1980, 1982) and Woldstedt (1935). M = Main Weichselian Advance, Main Stationary Line, F =
Fyn-Western Limfjord Readvance, S = Storebalt-North Jylland Readvance, V = Vendsyssel-Gribskov Readvance.

tion of coarse grained outwash material deposi-
ted by generally westward flowing meltwater
streams and overlying the above-mentioned fine
grained deposits. Absolute dated biogenetic ma-
terial found in outwash deposits laid down in
front of the advancing Main Weichselian Icesheet
suggests that this advance possibly crossed Den-

mark slightly before 20000 BP (Berthelsen 1979,
Rasmussen & Petersen 1980, Petersen 1984).
The Main Weichselian Advance invaded the
country from the NE and terminated along the
Main Stationary Line (fig. 137). It deposited the
Mid Danish Till (fig. 136g); a quartz-poor,
clayey, Fennoscandian till with associated Middle



Swedish indicators, Kattegat erratics and re-de-
posited Quaternary foraminifera derived from
the Older Yoldia clay/Upper Skzrumhede se-
quence. In other parts of the country this till is re-
ferred to as the NE-till, a term already used by
S.A. Andersen (1966). During the maximum ex-
tension of the Main Weichselian Advance, the
larger part of the sandur plains of western and
central Jylland were formed by generally west-
ward flowing meltwater streams. According to
S.A.Andersen (1966) and Sjgrring (1977) the
Main Weichselian advance is assumed to corre-
spond to the Frankfurt advance in northern Ger-
many.

As the NE-ice withdrew from Denmark, sev-
eral readvances disturbed till and outwash mate-
rial deposited by the Main Weichselian Advance
and till beds and waterlaid outwash material were
deposited, whilst at the same time forming
roughly NW-SE oriented terminal moraines and
ice-pressed ridges. Most probably all this oc-
curred during the time interval 20000-15000 BP.
In the following description a tentative presenta-
tion of the deglaciation pattern of the Main
Weichselian ice-sheet will be presented.

THE FYN - WESTERN LIMFJORD
READVANCE

The active Main Weichselian ice sheet probably
withdrew to the area around Storebalt before a
readvance from the NE crossed Fyn (Fig. 137). It
is assumed to have terminated in a zone reaching
the coastal areas of south-easternmost Jylland
over the Vegjle-Silkeborg area then connected
with the second and third iceborder stages in the
development of the sandur plains in northern Jyl-
land described by Ussing (1903, 1907). When the
readvance stagnated, isolated ice masses were
left on Fyn, where the melting of these ice masses
resulted in formation of the central Fyn dead-ice
landscape.

THE STOREBAELT - NORTH JYLLAND
READVANCE

As the active ice sheet reached a position east of
Roskilde Fjord, proglacial drainage patterns
were directed northwards through the central
Danish region prior to the Storebalt-North Jyl-
land Readvance (fig. 137). This readvance trans-
gressed northern Sjzlland from easterly direc-
tions and deposited the Fennoscandian, North
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Sjelland Till (fig. 136h). In other parts of the
country a more northeasterly ice flow direction is
thought to have prevailed (Aber 1979, Jacobsen
1981a, 1985).

The readvance from the NE caused the forma-
tion of the older generation of prominent ice
shoved ridges on Mols and northern Samsg in the
northern Belthav region (Houmark-Nielsen
1976b, 1980, 1983). Towards the south this reces-
sional zone can probably be traced on Hindsholm
(Rasmussen 1975) and south-eastwards over
Omg (Jacobsen 1976) and through northern Fal-
ster (Jacobsen 1981a,b). In northern Jylland the
terminal moraines around the Randers-Hobro
area (corresponding to stage 5: Ussing 1903,
1907) can be followed into the Limfjord. Here it
cuts through northern Mors, where it is assumed
to turn northward through Hannzs towards
Bulbjerg as sketched by Gry (1979). It is, how-
ever, uncertain which role the prominent ice-
pressed ridges around Hanklint and Hunborg in
the western Limfjord region (Gry 1940) play in
this connection, they could perhaps be related to
the previous Norwegian icestream.

VENDSYSSEL - GRIBSKOV READVANCE

According to Hansen (1965) the formation of the
terminal moraines in Vendsyssel (fig. 137) was
contemporaneous with the beginning of the
transgression of the Younger Yoldia Sea. The
start of this transgression has been dated to 15000
to 14500 BP (Petersen 1984). Before the final
withdrawal of the Main Weichselian ice sheet
from the Danish region the Younger Yoldia Sea
transgressed into the Kattegat basin. A read-
vance caused the formation of the so-called
Gribskov ice marginal hills from northeasterly di-
rections on NE-Sjelland (fig. 137). The Gribskov
readvance probably interconnects with the Vend-
syssel terminal moraines and it is tentatively ex-
tended along the southern coast of Scania. Be-
cause the Younger Yoldia clay on Lesg has been
dated to an age of around 14000-13500 BP (Krog
& Tauber 1974), the Vendsyssel-Gribskov read-
vance is estimated to be older than 14000 BP.

8.9 THE YOUNG BALTIC ADVANCES

It is not known how far into the Kattegat the
Younger Yoldia Sea transgressed prior ta the
Young Baltic Advances. However, Adrielsson
(1984) presents data indicating that the trans-
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Fig. 138: Weichselian Young Baltic Glaciation. E = East Jylland Advance, B = Bzlthav Readvance. Further explanation fig. 137.

gression reached the northern @resund region
before and progressed during, the Young Baltic
Advance (East Jylland Advance and Belthav
Readvance).

THE EASTJYLLAND ADVANCE

The first Young Baltic ice stream, called the East
Jylland Advance, terminated along the East Jyl-
land Ice border line and its southern extension, as
shown in the present investigation (fig. 138). The

icesheet invaded eastern Denmark and western
Skine generally from south-easterly directions
and deposited a quartz poor, clayey, Baltic till
(East Jylland Till, fig. 136i) with associated Baltic
indicators and re-deposited Quaternary forami-
nifera of Eemian derivation. Outwash material
was deposited either as valley sandurs in central -
and north Jylland (Gudené Sandur) or as north-
ward draining sandur plains on Djursland (Tir-
strup sandur). On the sandur plains of southern



Jylland drainage was directed westwards across
the peninsula.

During the maximum of the East Jylland Ad-
vance the ice-margin probably turned eastward
from Djursland on the east coast of Jylland (cf.
S.A.Andersen 1933, Berthelsen 1973). Here the
present author assumes that the glacier calved
into the Younger Yoldia Sea, which occupied the
larger parts of the Kattegat basin. Between An-
holt and Kullen the ice edge merged with the
main body of the retreating “Fennoscandian”
NE-ice sheet situated east of Lesg.

In accordance with S.A.Andersen (1966) and
Sjerring (1977) the East Jylland Advance is
thought to be connected with the Pommerian ad-
vance in northern Germany (cf. Hurtig 1979).
The deposition of the upper Baltic facies of the
Dalby-Sallerup tills (Berglund & Lagerlund 1981,
Ringberg et al. 1984) most probably took place
during Young Baltic advances.

Petersen (1984) proposed that the East Jylland
Advance peaked during the latest part of the
Middle Weichselian (around 13300 BP). Accord-
ing to Berglund & Lagerlund (1981) and Lager-
Iund et al. (1983), western Skane was largely de-
glaciated around 13300 BP, which is after deposi-
tion of the upper Baltic facies of the Dalby Till.
To the present author it seems highly improbable
that the deglaciation of the Young Baltic Icesheet
in western Skane could be contemporaneous with
its maximum limit of activity along the northern
part of the East Jylland iceborder on Mols. In
consequence the C-14 dating published by Pe-
tersen (1984) must be evaluated with caution. It
is therefore suggested, that the East Jylland Ad-
vance and Bzlthav readvance took place between
14000-13500 BP. However, reliable datings are
lacking from the area covered by the Young Bal-
tic glaciers in Denmark.

THE BELTHAV READVANCE

The active Young Baltic glacier retreated to a po-
sition east of Fyn and north of the Kattegat coast
of NE-Sjzlland before the Bzlthav Readvance
crossed north western Sjzlland, Storebzlt, south-
ern and eastern Fyn and south-eastern Jylland
generally from south-easterly directions (fig.
138). A quartz poor, clayey, Baltic till (Bzlthav
Till, fig. 136j) with associated Baltic indicators
was deposited. In the region examined outwash
drainage patterns were directed northward. That
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meltwater streams could flow across central Jyl-
land at this stage is thought to be rather improb-
able. An alternative, northward directed outwash
route is proposed, being consequently respon-
sible for thfe erosion of the deeper parts of Lille-
bzt and Storebzlt (fig. 138).

Shortly ﬁefore‘ the maximum transgression of
the Younger Yoldia Sea, the Bzlthav Readvance
terminated along and formed an ice marginal
zone (fig. 138) marked by the ice-damed lakes of
Egernsund (southeast Jylland) and Stenstrup
(southern Fyn) continuing east of the sandur flats
on northeastern Fyn. The ice margin followed a
course northward across northern Sams¢ and
eastwards through the classical terminal moraines
of NW-Sjzlland (Odsherred), turning northward
into Kattegat. It is suggested that the Bzlthav
Readvance could correspond to the so-called ac-
tivity limit A (Lagerlund et al. 1983) which marks
the joining of the Bzlthav ice margin and the NE-
ice margin just NW of Halland Asen in the south-
easternmost part of Kattegat. A tentative corre-
lation between the ice-marginal features along
the coast of Halland and the latest Young Baltic
Readvance across North Sjzlland has been sug-
gested by Berglund (1979). However, Lagerlund
et al. (1983) suggests that the deglaciation phase
along the Halland coastal moraines should be ex-
tended southeastwards through central Skéne,
thus being contemporaneous with the deposition
of the Lund-Jonstorp Tills in a subaqueous envi-
ronment.

As proposed by Stephan et al. (1983) the
Fehmern advance could . correspond to the
Bezlthav readvance. During the Bzlthav read-
vance the Younger Yoldia Sea transgressed into
the deeper parts of the northern Belthav. Prior
to deglaciation the transgression had reached the
northern coasts of Sjzlland (cf. Nielsen & Niel-
sen 1985) and penetrated deeply into the QOre-
sund region (Adrielsson 1984, Lagerlund 1980,
Ringberg 1984). During deglaciation of the
Bzlthav Readvance recessional positions of the
central part of the ice stream are marked by the
pronounced arch-shaped terminal moraines
through Storebzlt (cf. S.A.Andersen 1927, Ber-
thelsen 1975, Petersen 1973). The further decay
of the ice sheet eventually led to sedimentation of
the Lund/Jonstorp Tills in Skine and equivalent
deposits (Helsinggr Diamicton) in NE-Sjzlland
(Houmark-Nielsen & Lagerlund 1987). This most
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probably occurred in connection with the maxi-
mum transgression of the Younger Yoldia Sea in
Kattegat. Dead-ice masses were launched as
-drifting icebergs and glacial debris was dropped
and dumped giving rise to subaqueous icerafted
tills like the Helsinggr diamicton.

8.10 THE LATE WEICHSELIAN

During the Late Weichselian the final melting of
dead ice masses from the former Middle Weich-
selian glacier advances took place. The Late
Weichselian (Mangerud et al. 1974) covers de-
position during the Bglling-, Allergd Intersta-
dials, ranging in time between 13000 and 10000
BP.

Shortly after 13000 BP the active ice front had
retreated to a position in the southernmost parts
of Smaland (south central Sweden) (Lagerlund et
al. 1983) and during the first climatic optimum
(Bglling) an open vegetation had invaded of the
country (cf. Iversen 1954, 1967, Kolstrup 1982).
Dead ice masses may still have occurred locally,
but it is uncertain for how long time such rem-
nants existed in Denmark. Villumsen (1973) and
V.Milthers (1935) suggest that dead ice remnants
in eastern Jylland and northern Sjzlland melted
during or after the Allergd Interstadial.

9. CONCLUDING REMARKS

Studies of Quaternary deposits in the central part
of Denmark have revealed, that data from rela-
tively few principal localities (less than 10) is suf-
ficient to outline a glacial-stratigraphic model for
the region. On the other hand, a large number of
localities (in the present case around 200) evenly
scattered within the examined region are re-
quired to map the distribution and regional direc-
tional elements of till-stratigraphic units.

The present investigation shows that within the
examined region exposed sections of Pleistocene
deposits range in thickness from less than 3 m to
more than 50 m in composite exposures (fig. 16)
and that even large hiati are frequently recorded
in the stratigraphic columns. Any Pleistocene de-
posit, or, to a lesser extent underlying Tertiary
sediments, may constitute the immediate subsur-
face deposits in areas affected by strong glacio-

- tectonic activity. It is shown that tills make up

less than 40% of the thickness of both tills and
waterlaid outwash material. By far the largest
part of the outwash material interbedded be-

- tween till units is regarded as having been deposi-

ted under subaerial conditions. Thus, they may
show structures developed in a periglacial envi-
ronment. Inter-till, waterlaid deposits have large,
lateral distribution and the observed regional pal-
aeoflow directions are governed by pre-existing
topographic features such as valleys, lake basins,
dead ice masses and regional embayments (cf.
Berthelsen 1973, Houmark-Nielsen 1980, Hou-
mark-Nielsen & Berthelsen 1981, Larsen et al.
1977, Selsing 1981).

The concept of subaerial deposition of water-
laid material interbedding till units in Denmark is
supported by the environmental reconstruction
covering Middle Weichselian deposits in the east-
ern Dresund region (Adrielsson 1984). The pres-
ent author notes in accordance with S. A. An-
dersen (1957), Berthelsen (1973) and Sjerring
(1977) that except for local dead ice masses, rela-
tively ice-free conditions with subaerial sedimen-
tation prevailed between the major Weichselian
ice advances and readvances.

A poly-glacial evolution as described above
seems not only to be the case with the Weichse-
lian, but it is estimated with some confidence also
to apply to earlier glaciations. Evidence of soil-
forming processes (Sjesrring 1981), or of deposi-



tion of thick and extensively distributed outwash
sediments laid down in the time between glacier
advances during the Elsterian and the Saalian,
have been noted by the present investigation as
well as previous works (cf. Ehlers et al. 1984,
Kronborg 1983, Sjgrring 1981, Sjgrring & Frede-
riksen 1980).

The course of the Weichsleian-, the Saalian-
and probably also the Elsterian glaciations across
Denmark seems to follow a directional pattern in
which northerly ice advances originating in the
southern part of Norway were replaced by north-
easterly advances crossing southwestern Sweden.
The final stage consists of south-easterly advan-
ces through the Baltic depression. With modi-
fications, the above-mentioned clockwise move-
ment of ice-flow directions is reflected in the
change of indicator erratics of tills and striations
on bedrock and boulder pavements and was re-
cognized early in the Danish literature (cf. Milth-
ers 1909).

The path of repeated, cyclic, clockwise changes
in direction of ice advances, divisible into the 3
phases mentioned above, has recently been ex-
pressed in the light of previous investigations for
the parts of northern Germany that were covered
by successive, pre-Weichselian, Scandinavian ice
caps (Ehlers 1981, Ehlers et al. 1984).

From the present investigation it is demon-
strated that during the Saalian in Denmark, one
single and extensive cyclic change in directional
pattern of the ice streams occurred. Several cy-
cles of clockwise changes as estimated by Ehlers
(1981) and Ehlers et al. (1984) have, however,
not been demonstrated in the region examined.
In Denmark the Saalian is recorded by three ma-
jor ice advances each representing an independ-
ent glacial stage: an early Norwegian, succeeded
by a Middle (NE) advance crossing western Swe-
den bringing the Saalian to an end with a (Pal-
aeo-) Baltic advance. The three advances were
separated in time at least by the deposition of
proglacial outwash material.

The present study seems to indicate the pres-
ence of at least four stages of glacial evolution
within the Middle Weichselian of Denmark.
However, the Old Baltic advance seems to antic-
ipate this “trinity” of a simple cyclic glaciation
during the later half of the Middle Weichselian.
The last glaciation proceeded with the Norwegian
ice advance, which was followed by the Main
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Weichselian advance from the NE, and subse-
quently succeeded by the Young Baltic advance.
Apparently, Weichselian glacier advances took
place within a time span of less than 20000 years.

Fundamentally different glaciation - models
have been brought forward to elucidate the cyclic
change in directional pattern of Scandinavian ice
sheets in general and to explain or expel the pres-
ence of Baltic ice streams in particular.

Despite published evidence on Young Baltic

glaciotectonic activity Overweel (1977) rejected
the idea that Baltic glaciers travelled across Den-
mark and western Skdne during the Weichselian.
The scattering of Baltic indicator erratics suppos-
edly arose primarily from ice-rafting through a
proglacial lakebasin linking the Baltic with the
Skagerrak and Kattegat. '
. In accordance with the classical outline as well
as more recent publications, Ehlers (1981) and
Ehlers et al. (1984) discussed the possibility that
migration of the ice-divide owing to an eastward
shifting of the glaciation centre constitutes the
primary cause of the clockwise change recorded
in the periphery of the ice sheet. Another factor
mentioned is a possible negative mass balance in
the western parts of the ice-sheet developed ow-
ing to rapid melting in near coastal regions to-
wards the end of each glaciation.

A different glaciation model is presented by
Lagerlund (1980). One or more marginal domes
situated in the periphery of the ice-sheet are
thought to develop and decay independently of a
large central dome. Thus, for the Weichselian it is
suggested that the existence of Norwegian and
Baltic ice streams is brought about by surging of
marginal domes situated in the western and
southern rim of the Scandinavian ice-sheets that
affected the Danish - and surrounding regions.

Boulton et al. (1985) present a modern, com-
puterized model for the Scandinavian ice-sheet
during the last glaciation. A Fennoscandian ice-
stream crossed Denmark from northeasterly di-
rections and terminated along the Main Station-
ary Line. Thus, this model clearly pictures the be-
haviour of the icesheet during the Main Weichse-
lian advance. Excluding the influence of marginal
domes as presented by Lagerlund (1980), Boul-
ton et al. find their model unable to reproduce
Baltic icestreams that will cross western Skine,
Denmark and Schleswig-Holstein.

Regardless of the reliability of either glaciation
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model, it is considered by the present author that
the above-mentioned clockwise changes in the di-
rectional pattern reflects a fundamental trend in
the evolution of consequtive Scandinavian ice-
sheets, It is also suggested that whatever attempts
are made to model the evolution of Scandinavian
ice sheets, the fundamental and repeated changes
of direction of ice advances as recorded by glacial
stratigraphic studies should be taken into con-
sideration.

To bring the discussion to an end it must be
concluded that Norwegian and Baltic icestreams
apparently only exist when glaciers from central
Sweden are not occupying the Kattegat and the
western Baltic depressions. Baltic and Norwegian
icestreams are supposed to have been brought
about by an interaction between the evolution of
a main (central) icedome and local factors at the
fringes of the icesheet.

The evolution of the central dome, which is
likely to produce the clockwise change of move-
ment, is to a large extent governed by global cli-
matic changes, regional land/sea configurations
and the overall topography of Scandinavia that
give rise to the migration of the icedivides. Also,
changes in bedrock composition may influence
the behaviour of icesheets. Local factors in the
periphery may strengthen or suppress the course
of icestreams. Primarily, local climatic changes
may trigger the building of marginal domes and
alternations in bedrock/ice temperature, glacier-
induced, morphological modifications, such as
proglacial depressions and other isostatic re-
sponses, neotectonic movements and eustatic
fluctuations, will govern the course of surging
glaciers that flow from the pre-Cambrian and Pal-
aeozoic Fennoscandian shield out upon the soft,
mostly Cainozoic Northeuropean lowlands.
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10. DANSK SAMMENDRAG

Der er opstillet en glacialstratigrafisk model for det centrale
Danmark (fig. 43) med et kombineret szt af sivel klassiske-
som moderne glacialstratigrafiske metoder anvendt pa 10 ho-
vedlokaliteter (fig. 7). Modellen danner grundlaget for en re-
gional Kvartzr stratigrafi fremkommet ved gennemgang af ca.
200 andre lokaliteter. De er jzvnt fordelt i den undersggte re-
gion og samlet i 19 omréder. Regionen omfatter Jylland gst for
Hovedopholdslinien mellem Arhus og Haderslev, Mols samt
Samsg, Sejerg og Nordsjzlland vest for Roskilde Fjord (fig.
44). Pa baggrund af den opstillede Kvartzrstratigrafi kan en
rzkke morznebznke etableres som lithostratigrafiske till-en-
heder (fig. 105).

Till-enheder eller morznebanke aflejret direkte af den Skandi-
naviske indlandsis udggr den ene af de to hovedfacies, der kan
erkendes fra Kvartzret omkring det midtdanske omrade. Imid-
lertid udggr den anden hovedfacies, nemlig smeltevandsdannel-
ser, sammen med overgangstyper af langt ringere udbredelse
foruden interglaciale eller interstadiale marine og limniske af-
lejringer, mere end halvdelen af Kvartzrets magtighed.
Moranebznke afsat direkte i forbindelse med afsmeltningen af
en iskappe er formelt klassificeret som Formationer. De ad-
skiller sig fra de gvrige aflejringer ved at vise regional ens-
artethed med hensyn til magtighed, lithologi, istektonisk be-
tingede grenser, udbredelse og til en vis grad ogsd granulo-
metri. Dette muligggr korrelation ved hjzlp af egenskaber, der
afspejler de respektive iskappers udbredelse og bevagelses-
mgnstre i overensstemmelse med det Kinetostratigrafiske prin-
cip. Endvidere er andre lithologiske karaktertrzk anvendt ved
korrelation.

De lithologiske egenskaber kan have lokal- eller regional be-
tydning og omfatter bade texturelle og petrografiske karak-
terer. Till-fabric analyser i bund- og ablation tills vil ofte vise is-
strommes lokale flyderetning sifremt klasterne ikke har varet
udsat for postsedimentzr reorientering eller gravitativt betinget
flydning har fordrsaget omlejring af morenematerialet.
Petrografiske studier af hhv. klaster og matrix muliggar klassifi-
cering af tills ud fra deres lokalt opblandede materiale og ind-
holdet af fjerntransporterede elementer. For at lette sammen-
ligning med moderne beskrivelser eller zldre iszr danske arbej-
der er sten- og grusanalyser udfert pa fraktionerne 3-5 mm efter
den hollandske fingrustzllingsmetode og i fraktionen 6-60 mm
efter den klassiske danske stentzllingsmetode. Mens det lokale
klastmateriale bl.a. kan karakterisere morznebznke ud fra de-
res indhold af kvarts og flint (fig. 5) kan tills ud fra det fjern-
transporterede materiale karakteriseres af hhv. fennoskandiske
og baltiske sten- og grus selskaber (fig. 5). De fjerntranspor-
terede elementer formodes at afspejle et regionalt isstrgm-
ningsmenster hhv. direkte fra den skandinaviske halvg eller
gennem Dsterspbzkkenet.

Matrix’s indhold af omlejrede Kvartzre foraminiferer, der kan
sammenlignes med kendte interglaciale eller interstadiale fau-
naselskaber anvendes primart som en legitim lithologisk karak-
ter, men kan ogsa give et muligt skon over en given till-enheds
maksimumalder,

Morznebankenes granser er undersggt med specielt henblik
pé glacialtektoniske diskordanser, idet disse primert kan give
oplysning om den lokale isbevagelsesretning og samtidig fun-
gere som ledehorisonter i den opstillede lagfglge indenfor
store dele af den undersggte region. I sterkt ispresforstyrrede
sekvenser vil en glacialtektonisk analyse ofte yde de vigtigste
bidrag til forstielsen af den stratigrafiske opbygning og en-
hedernes relative aldersforhold pa en given lokalitet.
Till-bznkenes udbredelse er kortlagt, og deres relation til
kendte interglaciale- eller interstadiale aflejringer, der kan ab-
solut dateres eller klassificeres biostratigrafisk, er bestemt,
ligesom der er foresldet korrelation med till-enheder fra andre
egne af Danmark sivel som Skine og Slesvig-Holstein.

12 Pleistocene stratigraphy
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LITHOSTRATIGRAFI
I den centraldanske region er der opstillet 12 till-formationer
(figs 2, 96, 105) afsat under de tre sidste istider.

Elster istiden er reprasenteret af 3 kvartsrige og flintfattige
till-enheder (S¢nder Vissing Till, Palsgird Till og Snoghgj Till),
hvoraf den sidste er baltisk, mens de gvrige har fennoskandisk
klast sammensztning og er desuden karakteriseret af hhv. nor-
ske og mellem- til vestsvenske ledeblokke.

Saale istiden omfatter tre enheder (Trelde Nes Till, Asho-
ved Till og Lillebalt Till), hvoraf den sidstnzvnte er baltisk,
kvartsfattig og flint- og kridtrig, mens de to zldre viser omtrent
samme mangde kvarts og flint og har fennoskandisk klastsam-
mensztning med tilhgrende ledeblokke fra hhv. Olso-egnen og
Vest- og Mellemsverige. De tre till-enheder er afsat af tre for-
skellige iskapper fra hhv. nordlige, nordgstlige og til slut fra
gstlige retninger.

Til Weichsel istiden henfgres seks kvartsfattige till-enheder,
hvoraf den zldste (Ristinge Klint Till) sandsynligvis aflejredes
efter 36800 BP. Denne baltiske till-enhed aflejredes af en
iskappe fra en sydgstlig retning. Den overlejredes af tre en-
heder med fennoskandisk klastsammensztning (Kattegat Till,
Midtdanske Till og Nordsjziland Till) med associerede norske-
eller vest- og mellemsvenske ledeblokke afsat af iskapper fra
hhv. nordlige-, nordgstlige- og @stlige retninger. De to yngste
enheder (@stjylland Till og Bzlthav Till) er baltiske og af-
lejredes af den Ung Baltiske iskappe der overskred @eme og
Dstjylland fra sydgstlige retninger sandsynligvis omkring 14000
BP.

De opstillede till-enheder er korreleret med till-aflejringer
beskrevet fortrinsvis fra det sydvestlige Jylland og det nordlige
Dresundsomrade, og de er forsggt afbildet i hendelses-strati-
grafisk profil, der gennemskarer Danmark i en N@-SV'lig ret-
ning (fig. 136). Ud fra deres indbyrdes stratigrafiske placering,
tilhgrende bevagelsesmgnstre og indholdet af fjerntranspor-
teret materiale er till-enhederne sat i forbindelse med regionale
isfremstgd fra Elster, Saale og Weichsel istiderne.

GLACIAL HISTORIE

Den zldste, registrerede till-enhed er pévist i boringer og over-
lejres af aflejringer fra Harreskov-mellemistiden, hvilket an-
tyder, at en iskappe dekkede Danmark forud for denne inter-
glacial. Under den efterfglgende Elster istid aflejredes limniske
dannelser under de to @lgod (I & II) Interstadialer, hvorefter
iskapper fra det sydnorske, mellemsvenske og baltiske omrade
aflejrede hhv. Sgnder Vissing Till, Palsgard till og Snoghej Till
sandsynligvis i den nzvnte rakkefglge. I forbindelse med af-
smeltningen af det yngste Elster fremstgd aflejredes vidt ud-
bredte finkornede smeltevandsdannelser i det vestlige og nor-
dlige Jylland. Marine-aflejringer afsattes under den efterfgl-
gende transgression i Holstein mellemistiden, samtidig med
aflejringen af spkalk, kiselgur og andre limniske sedimenter i
mindre sgbassiner i det centrale Jylland.

Saale istiden indledtes med to korterevarende varmepe-
rioder (Vejlby Interstadialerne), hvorefter de tidligere spbas-
siner opfyldtes af flydejord og senere af grus og sand afsat af
vest- og sydgiende smeltevandsstrgmme foran en fremryk-
kende iskappe. Dette Norske Saale fremstgd deformerede sit
underlag fra nordlige retninger og aflejrede Trelde Neas Till.
Under isens afsmeltning forirsagede et lokalt genfremstad for-
styrrelser i den allerede aflejrede till. Vestgdende smeltevands-
strgmme aflejrede herefter sand og grus forud for det Midterste
Saale fremstgd, der overskred Danmark fra det vestlige Mel-
lemsverige og aflejrede Ashoved Till.

Sandede aflejringer afsattes af vestgiende smeltevands-
strgmme inden det yngste Saale isfremstpd, kaldet det Pal-
eobaltiske fremstgd, overskred landet fra @sterssomradet og
aflejrede Lillebelt Till.
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Lisolerede lavninger pa denne morznes overflade aflejredes
under Eem mellemistiden limniske sedimenter i kedelmoser i
det centrale Jylland. Havet opfyldte de lavereliggende omrader
omkring Sydvestjylland, Lillebzlt og @stesgen og afsatte Cy-
prinaleret pé relativt lavt vand, mens det marine ler afsattes pa
betydeligt stgrre dybder omkring Vendsyssel.

Mens havspejlet atter senkedes, afsattes tidligt i Weichsel is-
tiden limniske dannelser i de tilbageblevne sgbassiner under to
korte varmeperioder (Rodebak- og Brerup Interstadialerne). 1
Midtweichsel transgrederede det Aldre Yoldiahav gennem
Kattegat mod syd ind over Sjzlland, mens der pa hgjerelig-
gende arealer aflejredes limniske dannelser af begranset ud-
bredelse under Moershoofd- og Hengelo Interstadialerne.

Under den efterfglgende regression kunne den sikaldte Es-
rum-diamiktit vere aflejret. Herefter fyldtes Esrum-Alnarp da-
len og andre lavereliggende egne af fluviatil sedimenter fra @s-
tersgen, inden den Gammelbaltiske isstrgm overskred de syd-
lige- og gstlige dele af landet og aflejrede Ristinge Klint Till.

Samtidig med eller umiddelbart efter afsmeltningen af den
Gammelbaltiske is overskred den Norske Weichsel isstrem de
nordlige dele af landet og aflejrede Kattegat Till. Efter bort-
smeltningen af den Norske is herskede relativt isfrie tilstande i
Danmark og nordgiende smeltevandsstramme aflejrede fin-
kornede materialer med stor udbredelse ved drenering fra @s-
tersden.

Under Hovednedisningens fremrykning fra det vestlige Mel-
lemsverige kort fgr 20000 BP aflejredes grovkornede flodaflejr-
inger af vestgiende smeltevandsstrgmme. Hovedfremstsdet
eller N@-isen nidede Hovedopholdslinien (fig. 137) under sin
stgrste udbredelse og aflejrede den Midtdanske Till. Under
N@-isens generelle afsmeltning blev smeltevandets afstrgm-
ningsretning efterhinden tvunget nordud under en rzkke gen-
fremstpd. Ved disse genfremstgd dannedes bl.a. det central-
fynske dedisomrade (Fyn-Vestlimfjord genfremstedet, fig.
136), de markante israndszoner i de midterste dele af landet
(Storebalt-Nordjylland genfremstgdet, fig. 136), hvorunder
Nordsjzlland Till afsattes, samt israndsdannelserne i det nor-
dgstlige Danmark (Vendsyssel-Gribskov genfremstpdet, fig.
136). I forbindelse med det yngste genfremstgd ndede den “sen-
glaciale” transgression Vendsyssel, hvorefter det Yngre Yoldia-
hav bredte sig foran den vigende N@-is dybt ind i Kattegat.

Den Ungbaltiske iskappe overskred Danmark under den
yngre Yoldia transgression og niede omkring 14000 BP under
det Dstjyske fremsted sin stgrste udbredelse langs den Ostjyske
israndslinie (fig. 138), og aflejringen af den Dstjyske Till fandt
sted. Under den generelle afsmeltning forirsagede et genfrem-
stad  for 13500 BP  (Bzlthav  genfremstpd, fig.
138) den endelige udformning af Odsherredbuerne, de nor-
dsamske randmorznebakker, israndsdannelserne pd @st- og
Sydfyn og Broagerland samt aflejringen af Bzlthav Till. Under
den fremadskridende afsmeltning udmodeleredes israndsstra-

e

gene i og omkring Storebzlt, bzlternes dybe render, og det
Yngre Yoldiahav ndede de nordsjzllandske kystegne og den
skinske @resundskyst. Med indledningen til Bglling Intersta-
dialet omkring 13000 BP var den Ungbaltiske isstrgm overgaet
til dgdis, og starre dele af de tidligere isdekkede omrader blev
taget i besiddelse af en sparsom vegetation ved overgangen til
Senweichsel.

KONKLUSION

Det ma formodes, at de respektive isstremme i Weichsel-,
Saale- og sandsynligvis ogsd Elster istiden i hvert fald delvist
overskred det danske omrade efter et overordnet cyklisk bev-
zgelsesmenster. De ofte vidt udbredte smeltevandsdannelser,
der mellemlejrer de enkelte till-banke, er efter alt at domme
aflejret under subaeriske forhold i et periglacialt miljgp mellem
de enkelte isstrgmme. En given nedisningscyklus kan indledes
med nordlige isstramme, efterfglges af nordgstlige og @stlig- og
afsluttes med isstrgmme fra det baltiske omréde.

Under Weichsel istiden synes det cykliske nedisningsforlgb
at vere ufuldstendigt. Forud for den cyklus der ferte til aflejr-
ing af hhv. Kattegat Till, Midtdanske Till, Nordsjelland Till
samt Dstjyske- og Balthav Till, afsattes Ristinge Klint Till un-
der det gammelbaltiske fremstgd. Weichsel istiden fortsatte
med det Norske isfremstgd, som blev aflgst af Hovedfrem-
stgdet. Det gav efter sin afsmeltning plads for den Ungbaltiske
nedisning.

For Saale istidens vedkommende synes de stratigrafiske stu-
dier at afslgre én stgrre cyklus, hvorunder fgrst Trelde Nas Till,
derefter Ashoved Till og til slut Lillebelt Till aflejredes under
hhv. det Norske Saale fremstad, det Midterste (N@-) Saale
fremstad og det Paleobaltiske fremstgd. Pa trods af manglende
stratigrafiske vidnesbyrd ma det formodes, at aflejringen af
Se¢nder Vissing Till, Palsgard Till og Snoghdj Till ogsé under El-
ster istiden foregik efter samme overordnede nedisningsmgn-
ster.

Det cykliske nedisningsforlgb, som synes at przge de tre
yngste glaciationer, er formodentlig et resultat af udviklingen i
en stor, centralt beliggende, Skandinavisk iskappe. Globale kli-
matiske forhold samt fordelingen af hgjland, lavland og havom-
rdder kan give ophav til en vandring af isdeleren og en differen-
tieret afsmeltning i randen af den centrale ismasse. Lokale for-
hold omkring iskappens periferi som f.eks. andrede
cyklonbaner, isostatiske udligninger, @ndringer i isbundens
temperatur og beskaffenhed kan tznkes at gribe forstyrrende
ind i et “forudbestemt” nedisningsforlgb. Opbygningen af mar-
ginale isdomer synes til en vis grad at styre udbredelsen af Nor-
ske og Baltiske isstremmes passage af det danske omrade.
Disse synes at finde sted mens hovedstrgmmen fra Mellemsver-
ige er smeltet tilbage til en position langs med den Fennoskan-
diske randzone.
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444 13 70 17 223
445 4-94 2 112
446 2 98 0 290
447 5 77 18 156
448 8 64 27 217
49 7 70 23 477
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Loc.Nr,

UTM-coordinates

1

2

3
4a
4b
4c
55W
SNE
6a
6b

Fig. 141: Tabel 3: UTM-coordinates of investigated localities.

32UNG525651
32UNG681785
32UNG510568
32UNG738662
32UNG749663
32UNG734675
32UNG340137
32UNG365155
32UNG589201
32UNG592198
32UNG610198
32UNH950050
32UPG385933
32VNH767195
32VNH781156
32VNH783146
32VNH759185
32VNH746156
32VNH732104
32VNHT787111

32VNH790080
32VNH634113
32VNH683107
32UNG434978
32UNG437955
32UNG408943
32UNG405962
32UNG407969
32UNG486926
32UNH487016
32UNHS542038
32VNH544071

32VNH550112
32UNH585044
32VNH596287
32VNH223072
32UNH283013
32UNH344035
32UNH349046
32VNH377108
32VNH398107
32VNH438080
32UNH445045
32UNH432060
32VNH513194
32UNH734011

32UNH706001

32UNG615949
32UNG659932
32UNG700925
32UNG618784
32UNG656837
32UNG615806
32UNG784788

Loc.Nr. UTM-coordinates
47 32UNG545824
48 32UNG465788
49 32UNG468765
50 32UNG457738
51 32UNG435740
52 32UNG456723
53 32UNG480710
54 32UNG505707
55° 32UNG540708
56 32UNG620728
57 32UNG166785
58 32UNG188793
59 32UNG172802
60 32UNG204870
61 32UNG187946
62 32UNG280883
63a 32UNG327809
63b 32UNG320803
64 32UNG333757
65 32UNG405758
66 32UNG396593
67a 32UNG444651
67b 32UNG459625
68a 32UNG479600
68b 32UNG499605
69 32UNG518626
70 32UNG435537
71 32UNG428522
72 32UNG441509
73 32UNG448524
74 32UNG443480
75 32UNG109588
76 32UNG136582
77 32UNG185635
78 32UNG230600
79 32UNG260684
80 32UNG250698
81 32UNG291712
82 32UNG296591
83 32UNG270583
84 32UNG315556
85 32UNG316575
86 32UNG310696
87 32UNG177503
88 32UNG195493
89 32UNG198498
90 32UNG230510
91 32UNG265492
92 32UNG308507
93 320NG371509
94 32UNG343404
95 32UNG395429
96 32UNG395385
97 32UNG400345

Loc.Nr. UTM-coordinates
98 32UNG224423
99%a 32UNG237350
99b 32UNG232317
100 32UNG246316
101 32UNG152325
102 32UNG157281
103 32UNG224229
104 32UNG185218
105 32UNG213167
106 32UNG127163
107 32UNG282353
108 32UNG281319
109 32UNG275272
110 32UNG325226
11 32UNG413316
112 32UNG443172
113 32UNG456216
114 32UNG483230
115 32UNG364093
116 32UNG586521
117 32UNG607534
118a 32UNG622467
118b 32UNG645457
118c 32UNG644437
119 32UNG675502
120 32UNG671507
121 32UNG691525
122 32UNG721561
123 320NG742574
124 32UNG775553
125 320UNG787524
126 320NG501434
127 32UNG506346
128 32UNG610366
129 320UNG635288
130 32UNG613326
131 32UNG566275
132 32UNG667357
133 32UNG627146
134 32UNG675194
135 32UNG648091
136 32VNH862254
137 32VNH930204
138 32VNHY968199
139 32VNH961187
140 32VNH962280
141 32VPH077264
142 32UNH885028
143 32UNG896010
144 32UPH046002
145 32UNG961838
146 32UNG972818
147 32UPG002869
148 320PG031861

Loc.Nr. UTM~coordinates
149 32UNG956878
150 32UNG964911
151 32UPG050929
152 32U0PG018977
153 32UPH100019
154 32UPG323985
155 32UPG476912
156a 32UPG494903
156b 32UPG513907
157 32UPG489882
158 32UPG494856
159 32UPG438832
160 32UPG465813
161 32U0PG317793
162a 32UPG435745
162b 32UPG452715
163 32VPH422096
164 32UPH462065
165a 32UPH465048
165b 32UPH476042
166 32UPH541046
167 32UPH615058
168a 32UPG620980
168b 32UPG691930
169 32UPG633979
170 32UPG587902
17 32UPH720625
172a 32UPG653822
172b 32UPG661804
172¢ 320PG719851
173 32UPG772885
174 32UPG761836
175 32UPG794810
176 32UPG792784
177 32UPG827784
178 320PG881808
179 32UPG815884
180 32UPG870875
181a 330UB151944
181b 33UUB140939
182 33UUB205930
183 3300C169010
184 33UUB185992
185a 32UPHB816025
185b 32UPG824996
186a 33UUC168084
186b 330UC169069
186¢ 330UC249081
187 33VUC107143
188a 32UPHB819099
188b 32VPHB30107
189 33VUC182174

681



