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The Dutch-type fine gravel analysis has been tested as a stratigraphic tool in Quaternary studies. After
having obtained good results, in Hamburg and in the adjoining parts of North Germany, the author
analysed some samples from Ristinge Klint, in order to test whether this method could be used to
answer stratigraphical questions in the area of the Weichselian glaciation as well. The analyses proved
that one out of three exposed tills can be distinguished from the two others because of its fine gravel
composition. Thus the fine gravel analysis'may be of some use for Danish stratigraphers as well.

Jiirgen Ehlers, Geologisches Landesamt Hamburg, Oberstr. 88, D-2000 Hamburg 13, West Germany.

- November 16th, 1978.

The Dutch type of fine gravel analysis includes a
petrographic study of the 3—5 mm fraction in or-
der to supply information as to the provenience
and source areas for fluvial, fluvioglacial and gla-
cial deposits. This method- forms an important
instrument in the study of the Quaternary depo-
sits in the Netherlands, where repeated changes
have occurred in the transport directions- since
the Tertiary (Maarleveld 1956, Zandstra 1959,
1971, 1975 and 1976). During the Tertiary and
Early Pleistocene transport mainly took place via
the rivers Rhine and Meuse. The early glaciations
caused the German rivers to divert, and material
of eastern origin, characterised by prophyries and
lydite from the Thuringian Forest, reached the
Netherlands. This situation was succeeded by se-
dimentation of glacial and fluvioglacial deposits
rich in Scandinavian material and flint. As in the

Netherlands until now :Elsterian till was only '

found as a thin layer, in a single boring south of
the island of Terschelling (Zandstra 1977), only

tills of the Drenthe stage of the Saalian could be .

investigated. This stage is represented by several
types of basal tills that differ both in general ap-
pearance and in their fine gravel composition
(Zandstra 1976, 1978).

The sedimentary environments predominant in |

North Germany and Denmark during the Pleisto-
cene were considerably different. Here, practi-
cally all Pleistocene deposits were supplied di-
rectly or indirectly by the Scandinavian inland
ice. However, recent studies in the Hamburg area

(Ehlers 1978a, b) tend to show that even under
these conditions the Dutch type of fine gravel
analyses supplies valuable stratigraphic informa-
tion. The present paper reviews these results and
reports on an attempf to apply the method on
Danish Weichselian deposits, particularly at Ri-
stinge Klint (fig. 1), where three different

~ Weichselian till strata are found.
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Fig. 2: Combined diagram of four fine gravel countings in
Northern Germany: Hamburg Hauptbahnhof, Hamburg Bili-
stedt, Hamburg Drehbahn, Hemmoor, chalk pit. The diagram
shows a complete sequence of Saalian and Elsterian sediments.
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Fine gravel analyses from the
Hamburg area '

As shown by Ehlers (1978a, b) deposits from the
Elsterian glaciation and from three Saalian ice
advances can be distinguished in the Greater
Hamburg area (table 1) by means of fine gravel

analyses. The results are shown i fig. 2 which is a

combined diagram of four exposures.

Deposits from the Elsterian glaciation gene-
rally contain a high proportion of quartz, obvi-
ously derived from underlying Tertiary quartz
sands. The Elsterian basal till is frequently black-
ish-grey in colour due to a high content of lignite
originating from Tertiary sediments (H.-C. Hof-
le, personal information).

Deposits from the Drenthe advance of the
Saalian glaciation also show a relatively high
quartz content, but a higher amount of flint than
the Elsterian deposits. It is possible that areas
with high-lying chalk were freed of their Tertiary
cover during this advance. The source areas are
probably to be found in the Kattegat or on the
Danish islands. Till fabric measurements (Ehlers
1975) show that the ice of the Drenthe advance
reached the Hamburg area from a northerly di-
rection.

The deposits from the second advance of the
Saalian glaciation, the Niendorf advance, differ
quite clearly from those of the preceding Drenthe
advance. They are rich in flint and chalk and
contain less quartz (generally less than 12%).
This advance came to the Hamburg area from a
northeasterly direction. It obviously passed be-
tween Men and Riigen.

Table I.

Pleistocene stratigraphy and tills in the Hamburg region
Number of

Stage tills

Holocene -
Weichselian glaciation : -
Eemian -
Fuhlsbiittel advance
Niendorf advance
Main-Drenthe advance
Holsteinian - -
Elsterian . 1
pre-Elsterian (no deposits) -

} Saalian glaciation 3

Pliocene —

Deposits from the third Saalian advance, the
Fuhlsbiittel advance, usually contain less quartz
and small amounts of flint only. There are, howe-
ver, a number of exceptions — probably due to the
fact that material from the preceding advance has
been much reworked. Some reworking can be
found in almost all Pleistocene deposits, but it
rarely causes a complete »levelling« of the fine
gravel composition in successive tills. The reason
for this is probably the different advance direc-
tions of the inland ice. The Fuhlsbiittel advance
came from due East to the Hamburg area —
reaching not far west of Hamburg.

These results from the Hamburg area, particu-
larly those concerning the three Saalian advances
may be of interest for comparisons with the
pre-Weichselian drift of the »hill-islands« (Bak-
keaer) of Southwestern Jutland.

Fine gravel analyses of Weichselian
deposits

The Weichselian advances did not reach the
Hamburg area. In Schleswig-Holstein it is diffi-
cult to make a morphological sub-division of the
Weichselian glaciation, but Stephan (1977) dif-
ferentiates stratigraphically between five diffe-
rent ice advances, which are not all of the same
importance. In Denmark a differentiation betwe-
en 3 different advances can be made (cf. Ber-
thelsen 1973, 1978, Petersen & Buch 1974,
Sjerring 1977).

In order to obtain some data on the fine gravel
composition of the Weichselian drift, fine gravel
analyses were made in Schleswig-Holstein at
Brodtener Ufer, at Heiligenhafener Ufer and at
Pélitz near Bad Oldesloe. With the help of S.
Sjerring, several samples were collected on Als,
Denmark. Judging from preliminary analyses of
these samples it appears that the upper and the
lower Weichselian till have a very low quartz
content (below 5%) and a low flint content (less
than 15%) and are mutually indistinguishable.
The middle Weichselian till, on the other hand,
contains a high proportion of flint (up to 30%).

In order to see if these first promising results
could stand a further test, a more complete
Weichselian profile, i.e. that of Ristinge Klint was
studied.
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Till stratigraphy of the Ristinge Klint
section S

The coastal section at Ristinge Klint has become
a classic locality for Weichselian stratigraphy due
to the studies of Madsen (1916) and Rosenkrantz
(1944). More recent studies (Berthelsen 1973,

and personal information supplied by A. Ber-'

thelsen and S. Sjerring) have furthermore shown
that the post-Eemian sequence comprises not
only two but three till strata (fig. 3). In both the
western and eastern ends of the section, an up-
permost till discordantly overlies the previously
described »thin« and »thick« tills in the disloca-
ted floes. At the western end of the section a
glacial pavement was found at the base of the
uppermost basal till with striation indicating its
southeastern provenance. Since this direction
concurs with the ice-push determined from the
fold axes and the general dip direction of the beds
in the floes, the uppermost, discordant till was
referred to the advance that caused the disloca-
tions — and overrode them.

In order to further investigate the origin of the
discordant till which was less than a few metres
thick, the present author has carried out a till
fabric analysis where it is exposed at the east end
of the section. As shown in fig. 4 the fabric has a
clear maximum at 125°. Judging from the com-
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Fig. 3: Ristinge Klint, schematic section, drawn by A. Berthelsen
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Fig. 4: Fabric diagram of the uppermost till at Ristinge Klint
(100 measurements; the circle indicates 10 %). =~

bined evidence of glacial-tectonics, the striations
on the western pavement and the fabric analysis,
its lodgment till nature may be taken for granted
and an origin as flow till may be discarded.

The discordant till in Ristinge Klint is to be
classed with the Young Baltic advance of south-
eastern Denmark (Berthelsen 1973, 1978, Sjor-
ring 1977, Petersen 1978). This advance reached
the East Jutlandic ice border line in Denmark and
is probably identical with Stephan’s (1971) and
Seifert’s (1954) Fehmarn advance.

The youngest but one till in Ristinge Klint (i.e.
the »thick till«) is correlated with the Main
Weichselian advance, coming from northeastern
directions and reaching the Main Stationary Line
in Mid-Jutland. The oldest Weichselian till (the
»thin till«) at Ristinge is to be classed with the
Old Baltic advance which just like the Young
Baltic advance approached southeast Denmark
via the Baltic route (Berthelsen 1973, 1978,
Sjerring 1977, Petersen 1978).

For the purpose of fine gravel analysis, 7 sam-
ples were taken from the Ristinge Klint section:
samples 1 and 2 from the discordant till, samples
3 and 4 from the dislocated »thick« till, sample 5
from a layer of gravelly sand directly beneath the
»thick till, and samples 6 and 7 from the lower
»thin till. In order to secure sufficient material
for fine gravel analyses of the basal tills, around 5
kg samples were collected. From gravelly sand,
samples of around 1 kg each proved sufficient.

Granulometric analyses were made from the
till samples (fig. 5) but the differences between
the 6 samples were very slight indeed. Even if the
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Fig. 5: Grain size distribution of the three tills of Ristinge Klint

discordant till was found to be the sandiest, the
middle one the most clay-rich of the three till
strata, the results are far from being as conclusive
as those of the fine gravel analyses.

Discussion of the method

" A fine gravel analysis comprises identification
and counting of at least 300 granules per sample.
In the diagrams (fig. 2 and fig. 6) the non-lime-
stones are depicted collectively as 100%. The
limestones are depicted separately in order to be
able to compare fresh and decalcified samples.
Within the Weichselian tills where almost all of
the samples contain chalk, this distinction is rela-

tively unimportant, but where samples from older -

glaciations are compared, this procedure is ex-
tremely valuable. About half of the examined
more than 300 samples from the Hamburg area
were decalcified (as an example see fig. 2). -

Among the limestones, Palaeozoic and Creta-
ceous limestones are differentiated and the
counts then expressed as a % of the non-limesto-
nes (if a sample consists of 100 non-limestones
and 30 limestones, it contains 30% limestone ac-
cording to this method). At times it is useful to
count red Palacozoic limestones on their own.
Especially in the Elsterian deposits the red Pa-
laeozoic limestones appear in a far higher con-
centration than in the younger drift.

In the non-limestones quartz, flint, »igneous
rocks« and sediments are differentiated. Quartz
is: naturally rarely found in Weichselian sedi-
ments. (Note that quartz grains, which contain
traces of feldspar, are counted as »igneous rocks«
and that the same is true of feldspar grains).

A further division of the igneous proportion
could be attempted but is hardly advisable be-
cause the different rock types are difficult to tell
apart when the particles are so small. Moreover
most easily recognizable rocks (e.g. basalt) occur
in too small a concentration. Metamorphic rocks
are included in the »igneous rocks«.

There is not much point in making a division
among the sediment granules. Glauconitic
sandstone or red quartzitic sandstone are easily
told apart but they mostly form less than 1% of
the total non-limestones and therefore cannot be
statistically registered.

In more recent gravel analysis studies in Den-
mark the fractions 1.41-6 mm (Bahnson 1973)
and 2—4 or 4-6 mm (Petersen 1973, Petersen &
Buch 1974, Petersen & Konradi 1974) were -
counted, while earlier the fraction 6-60 mm was
studied (Ussing & Madsen 1897). Such counts are
not easily comparable with each other as the dif-
ferent rock types are represented in different ra-
tios in different fractions (Petersen 1973). Flint,
for example, is to be found far more frequently in
the coarser fractions than in the finer ones. On
the other hand, quartz is practically confined to



Ehlers: Fine gravel analysis

162

Gravel counting
Ristinge Klint,
Langeland

3-5mm

5-20mm 1-

_.H_ Quartz

Non-Limestones

Limestones
0 20 40 60 80

EXE R R R R X R R X
‘AR X EEEX E LR &

.
\\\\\\\\\M**********ttt

.

Bl ruiot

§ Palaeozoic limestone

E Igneous and metamorphic rocks
Fiid cha {575

Till

[EEEXER X E S KRR L XX 2 XX KR

XXX EEEE R E X RS RS A XXX
2 XS EA XX R SRS EE S5

Weichselian

Schematic
Profile

3rd advance

2 :,u advance

1st advance

|
|

|

} are aavance
|
|
|

1st advance

3rd advance

2nd advance

* 1st advance

m Sandstones and varies

! Meltwater sands

Fig. 6: Gravel counting at Ristinge Klint (three different grain
sizes)



Bulletin of the Geological Society of Denmark, vol. 27 1978 163

fractions under 5 mm. The igneous proportion
diminishes in favour of flint in the coarse frac-
tions (see also Gry 1974).

In order to illustrate the influence of grain size,
counts of three different fractions were made on
the samples from Ristinge Klint. Apart from the
»normal« count of fraction 3—-5 mm after the
Dutch method, the fractions 2-3 mm and 5-20
mm were analysed as well (fig. 6).

Sample 5 from the meltwater sand just below
the »thick« till deviates from the general trend. In
the fraction 2—3 mm this sample looks very simi-
lar to samples 3 and 4 from the overlying »thick«
till. This sand is probably an early outwash sand
from the ice advance that deposited the till im-
mediately above the gravelly sand layer. Further
below the till the fluvioglacial deposits are too
fine-grained to be analysed by this method. In the
fraction 3—5 mm the proportion of flint and chalk
gravels in sample 5 becomes enormous; in the
fraction 5-20 mm igneous rocks and Palaeozoic

limestone take over completely from flint and -

Cretaceous chalks. Until now nothing similar has
been found in the meltwater sands in the Ham-
burg area. Normally the fine gravel analyses of
meltwater sands agree with those of the corre-
sponding basal till (e.g. the »Drenthe« part in fig.
2). ’

From fig. 7 it can be seen that analyses of all
three fractions (2-3, 3-5 and 5-20 mm) are suit-
able to characterize and distinguish the sampled
units. In pre-Weichselian tills this is not always
the case. There the fraction 5-20 mm is of practi-
cally no value as the proportion of quartz is al-
most nil and it is just this quartz content which is

Gravel counting
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Fig. 7: Fine gravel counting of the fraction 3-5 mm at Ristinge
Kiint, drawn after the method of Petersen 1974 (in Petersen &
Konradi 1974).

important in telling the older sediments apart
(see fig. 2). The fraction 2-3 mm isn’t very suit-
able either, since the flint content becomes gre-
atly reduced and this is the second most impor-
tant factor in distinguishing the deposits. Conse-
quently the fraction 3—-5 mm may be recommen-

ded.

Discussion of the results

The preliminary results from Als and Heiligen-

" hafener Ufer suggested that both the Old and the

Young Baltic tills would be practically identical in
composition and that only the middle basal till
could be identified due to its higher flint and
chalk content. The fine gravel analyses carried
out on the samples from Ristinge Klint confirm
these expectations, but show all the same that it is
meaningful to apply this method to Weichselian
drift deposits. However, a few points must be
considered:

1. Gravel analysis cannot act as a substitute for
glacialtectonic and till fabric measurements or
studies of the foraminifera content; it can only
help to complete the picture. In the study of sam-

ples from drillings fine gravel analysis may be the

only method that can give hints as to the strati-
graphic position of the sampled strata.

2. The method is not restricted to till samples.
Meltwater sands or coarse-grained Tertiary sands
can be analysed as well, if they only contain
enough granules.

3. The composition of the fine gravel fraction
can be affected by local factors, such as contami-

Ristinge Klint
5

400 20 400 20 40 60%

40% 3-5mm
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nation from older strata. Therefore attempts to
correlate over great distances should only be
done with a maximum of care and should not be

based on fine gravel analyses alone — unless all

other methods (cf. pt. 1) cannot be applied.

4. Individual samples should not be interpreted
on their own. It is better to study a profile com-
prising several samples. As with pollen analyses
the most important facts come to light only after
the examination of a sequence of different strata.

The way in which the results of the analyses are
presented, may be different in different countries.
In fig. 7 the results.of the Ristinge Klint countings
are calculated and illustrated in the Danish way
(after Petersen 1974 in Petersen & Konradi
1974). It depends on each author, which type of
illustration he thinks best fitted for his purposes.

. Acknowledgements. The author wants to thank Dr. A. Ber-
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guidance, comments and suggestions throughout this study.
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the manuscript into English.

Dansk sammendrag

Den hollandske fingrus analyse anvendt pa Ri-

stinge Klint.

Den hollandske fingrus analyse bestér af en petrografisk un-
dersegelse og opdeling af mindst 300 partikler i fraktionen 3-5
mm. Metoden kan anvendes bide pa morzne- og smeltevands-
aflejringer, men lader sig ogsd gennemfere p4 andre sedimen-
tere enheder, forudsat de indeholder tilstrekkeligt materiale i
fraktionen 3—5 mm.

Ved analysen opdeles partiklerne i hovedgrupperne kvarts,
flint, grundfjeldsbjergarter (i videste forstand) og kalkfrie sedi-
mentre bjergarter. Disse fire grupper danner tilsammen ho-
veddiagrammet (fig. 2), og skal for hver tzlling besta af mindst
300 korn. Safremt proven ogsd indeholder kalkbjergarter op-
deles disse i Palzozoiske og Kretasiske kalksten, og disse to
grupper atbildes szrskilt ved siden af hoveddiagrammet (fig. 2
og 6).

gFo)rdelingen af bjergartstyper angives i procent i hoveddi-
agrammet, og summen af de fire hovedkomponenter er det tal,
der ogsi er grundlag for udregningen af kalkbjergarternes an-
del; er der siledes 1000 korn, i en tzlling i hoveddiagrammet,
anferes 300 kalksten som 30%. P4 denne méide kan kalkstene-
ne udgere flere hundrede procent (se fig. 6).

Den hollandske fingrus analyse har fortrinsvis veret anvendt
i Holland og Nordtyskland pd glaciale sedimenter af pra-
Weichsel alder. Aflejringer fra de enkelte isfremsted (tabel 1)

lader sig tydeligt adskille ogsd ved anvendelsen af fingrus ana- -

lysen (fig. 2). Morzneaflejringer fra Elster er. sdledes karakte-
riseret af meget kvarts og lidt flint. Morzneaflejringer fra Saale
nedisningerne (Drenthe, Niendorf og Fuhlsbiittel, delvis lokal-
navne for formationerne i Hamburg omréadet) kan let adskilles,
idet Drenthe indeholder omtrent lige meget kvarts og flint, me-
dens Niendorf indeholder 2-3 gange s& meget flint som kvarts.
Fuhisbiittel formationen er lidt vanskeligere at identificere og
udviser lidt storre variation (ofte p4 grund af opblanding af
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zldre materiale), men normalt indeholder Fuhlsbiittel kun en
ringe ma&ngde kvarts og flint.

P4 grund af metodens anvendelighed i prz-Weichsel aﬂe)-
ringerne var det nzrliggende at undersege, om Weichsel isti-
dens formationer kunne adskilles pa tilsvarende made. Til den-
ne undersegelse valgtes Ristinge Klint, idet de tre mor@nefor-
mationer i klinten har en kendt stratigrafisk placering (fig. 3).
Syv praver er blevet analyseret, heraf seks fra morzneformati-
onerne,

Tzllinger i fraktionen 3-S5 mm viser, at det er muhgt at op-
dele morznerne i to grupper, hvor den diskordante morzne og
den tynde morzne stort set har samme petrografiske indhold,
nemlig et ubetydeligt indhold af kvarts og kun lidt flint (fig. 6).
Den anden gruppe omfatter preverne fra den tykke morzne og
det underliggende smeltevandssand. I denne gruppe er der hel-
ler ikke ret meget kvarts, men til gengzld er indholdcet af flint
ret stort. .

Opdelingen i to grupper er ikke forbavsende, idet bide den
tynde morzne og den diskordante morzne er af baltisk oprin-
delse. Som yderligere kontrol er der foretaget en stenoriente-
ringsméling (fig. 4) i den diskordante morzne. Milingen viser
en n@je overensstemmelse mellem stenenes foretrukne retning
og den bevagelsesretning, der har frembragt deformationerne
af lagfelgen under den diskordante morzne, I den vestlige del
af Ristinge Klint findes ved basis af den diskordante morene
ogsd en isskuret brolegning, og skurestriberetningen viser ogsi
en bevagelsesretning fra sydest. Den diskordante morzne er
derfor en bundmorzne og er aflejret af den is, der frembragte
dislokationerne i Ristinge Klint.

Morzneprevernes granulometriske sammenstning er blevet
bestemt (fig. 5). Bortset fra, at den diskordante morzne er lidt
mere sandet end de gvrige, er det ikke muligt, at adskille morz-
nerne pi grundiag af kornsterrelsesfordelingen. .

Der er tidligere udfert en lang rakke stentzllinger i danske
morzneaflejringer, men i noget forskellige fraktioner. Ved
denne underspgelse af morznerne i Ristinge Klint er frakti-
onerne 2-3 mm og 5-20 mm ogs4 talt. Af fig. 6 fremgar det, at
morznerne kan opdeles i 2 grupper, uanset hvilken fraktion,
der er talt, men det er ikke muligt at korrellere tellinger, der er
udfert i forskellige fraktioner. Det ses tydeligt, at kvarts stort
set mangler i fraktionen stotre end 5 mm, og i fraktioner mindre
end 3 mm er indholdet af flint blevet sterkt reduceret. For at
muliggere en vurdering af metoden er tellingerne fra Ristinge
Klint afbildet i fig 7 efter den af Petersen (1974) i Petersen &
Konradi (1974) anvendte form.

Som andre stentzllingsmetoder, er den hollandske fingrus
analyse ikke egnet til at trede i stedet for andre geologiske
undersagelser (tektonik, stenorientering, indhold af omlejrede
foraminiferer osv.), men metoden kan bidrage med yderligere
oplysninger om det geologiske hzndelsesforlab. Det anbefales,
at preverne udtages i serier i vertikale profiler (i princip, som
vel pollen analyse), for derved ogsd at bringe oplysninger om
variationen og lokalindblanding. Enkeltpraver fra enkelte lo-
kaliteter kan ikke tillegges samme vagt, som preveserier.

Den hollandske fingrus analyse har den fordel, frem for an-
dre, at resultaterne er uathzngige af, om praverne er kalkholdi-
ge eller ej.
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