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Investigations dealing with the moraine and gravel formations of the German
Alpine foreland glaciers, the Salzach, Inn-Chiemsee, Isar, Lech, Iller and
Rhine lobes, belonging to five major Pleistocene glaciations, the Donau, the
Giinz, the Mindel, the Riss and the Wiirm, have been compiled by the author
and described in this paper. Glacial geological investigations were also carried
out by the present author in 1971—1973 in the areas of the Salzach, Inn-
Chiemsee, Isar and Iller glaciers. These results, with some new observations,
completing the text, are only summarized here, but partly have been presented

in more detail in separate papers (Gliickert 1973 a, b, 1974 and 1975).

Gunnar  Gliickert, Institute
SF-20500 Turku 50, Finland.

Introduction

The study of present and past glaciations was
started in the Alps. Next to northern Europe
and North America, the Alps are still one of the
principal fields of glacial geological investiga-
tions.

During the Pleistocene epoch the Alps were
several times covered with extensive glaciers
belonging to former glaciations, called since
Penck the Giinz, the Mindel, the Riss and the
Wiirm Glaciations. This basic division was
worked out in considerable detail by Penck and
Briickner (1901/1909) in the classical pioneer
dockument »Die Alpen im FEiszeitalter I—III».
The principal results, deeling with these four
glacial stages of Penck and Briickner’s, are still
valid, but some additions have been made later.
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of Quaternary Geology,

University of Turku,

In the vicinity of the city of Augsburg, in the
foreland of the Iller-Lech Glacier, Eberl (1930)
first demonstrated old gravel accumulations
belonging to the fifth glaciation, the Donau,
that existed before the Giinz Glaciation (see also
Graul 1949, Schaefer 1953 a, and Sinn 1971).
According to Schaefer (1956), there exists a still
older glaciation, the Biber
Woldstedt 1967 p. 266, 1969).

Glaciation (e.g.

German foreland glaciers

During the Pleistocene glaciations all the
valleys of the Alps were filled with ice belonging
to a huge Alpine ice cap. Only the highest
mountain peaks rose as nunataks above the ice.
Following long ice tongues flowed down the
long Alpine valleys and diverged to form giant
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Fig. 1. The Pleistocene Glaciations of the Alps. Mainly after Penck and Briickner (1901/09)
Antevs (1929) and Kaiser (1960). Area enlarged was studied closer (Fig. 2)

PLEISTOCENE FORMATIONS OF THE ALPINE FORELAND GLACIERS
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Fig. 2. Pleistocene formations of the Alpine foreland glaciers. Map compiled mainly from Eberl (1930), Graul (1949),
Schaefer (1953 a), Sinn (1971, 1972), Gliickert (1974), and the Geol. Map of Bavaria 1: 500 000, 1964.

glacier fans in the northern foreland of the Get-
man Alps: the Salzach, the Inn-Chiemsee, the Isar,
the Lech, the Iller and the Rhine piedmont
lobes. In the foreland of the Alps the extent of
these glaciers during different glaciations has
been shown on the maps in Figs. 1 and 2.

The Pleistocene glaciers left large deposits of
moraines and the meltwaters extensive gravel
accumulations (outwash) in the foreland. The
Pleistocene gravels consist mostly of hardened
conglomerates of Alpine rocks, sedimentated on
thick Tertiary basement of the old large Molasse
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basin, situating in the northern Alpine foreland.
The basis of the stratigraphic classification of
Pleistocene deposits by Penck and Briickner
(1901/09) was to distinguish the different gravel
terraces from each other and connect them with
corresponding moraine formations. (see also
Graul 1968 and Kraus 1968).

As a result of receiving a scholarship from the
German Alexander von Humboldt Foundation,
the author was able to study the former glaciated
Alpine foreland of West Germany in 1971—
1973. He also had the opportunity to take part
in several geological excursions in the areas of
the Salzach, Inn-Chiemsee, Isar and Iller Gla-
ciers, arranged by Frau Dr. Edith Ebers, Prof.
P. Schmidt=-Thomé, Dt. H. Jerz and Dr. K.
Schwerd, all geologists from Bavaria. Both to
all these people, and to the Alexander von
Humboldt Foundation, the author wishes to
express his sincere thanks.

The purpose of this paper was to compile and
describe the Pleistocene formations of the Ger-
man Alpine foreland glaciers. Glacial geological
studies, carried out by the present author,
complete the picture of moraines and extent of
the Mindel, Riss and Wiirm Glaciations in the
areas of the former Salzach, Inn-Chiemsee, Isar
and Iller piedmont glaciers (Gliickert 1973 a
b, 1974, 1975).

The extent of the oldest Alpine glaciations
are not known. The Mindel and Riss Glaciations
were the most extensive and covered larger areas
of the foreland than the Giinz and Wiirm Gla-
ciations. The Mindel and Riss Galciations often
seem to have covered largely the same areas,
and the definite mapping of their borders is
mainly difficult.

The Mindel Glaciation was the largest glacia-
tion in the areas of the former Salzach, Inn-
Chiemsee, Lech and Iller Glaciers, and the Riss
in the areas of the Isar and Rhine Glaciers (see
e.g. Antevs 1929, Knauer 1938 and Kaiser 1960).
According to Graul (1949) and Schaefer (1953 a)
the maximum extension of the Donau Glaciation
remained not very far behind the Riss in the

119

Fig. 3. Schematic profile through a glacial valley with
erosion terraces representing the separate Pleistocene
glaciations.

Wertach-Lech area, reaching a point between
the boundaries of the Riss and Wiitm Glacia-
tions. A relation with end moraines of the Donau
Glaciation, however, has not been found so far.
On the Italian side Mindel and Riss deposits
have been identified locally outside the Wiirm
moraines (Fig. 1).

Heim (1919 pp. 276—279), Schaefer (1950),
Troll (1957) and Fezer (1969), among others,
presented values of erosion/accumulation rates
in the Alpine Pleistocene formations. During
Interglacial periods strong river erosion formed
deep valleys through the glacial formations.
These terraced valley trains were filled up by
glacial accumulation of gravel and till during
the following glaciation. Now there exist only
remnants of older gravel plains, the greater
part of them having been removed by denuda-
tion (Fig. 2).

A schematic section across a river valley
shows how Pleistocene erosion terraces, some-
times with 4—5 etages, have been formed on
both slopes of valley trains (Fig. 3). Young Riss
and Wiirm gravels (High and Low Terrace
gravels) occur in the present-day valleys. The
remnants of the older covering gravels of the
Mindel and Giinz Glaciations form high-lying
hills on both sides of the terraced valley trains.
The higher the gravel deposits lie, the older
glaciation they belong to, that is, the oldest
Donau and Giinz gravels are the highest-lying
formations in most of the glacier foreland areas.

The state of hardness and conservation of the
gravels varies greatly. The Giinz and Mindel
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gravels are hard conglomerates. The younger
gravels, especially the Wiirm gravels, are fresh,
unweathered, calcareous, and in loose (not
hardened) condition. The Riss gravels are in
general covered with loess from the Wiirmian
age. The Riss and Mindel moraines have no
dead-ice forms or bogs. The smoothed topo-
graphy of pre-Wiirm moraines differs very much
from the fresh, sharp shapes of the Wiirm
moraines, with dead-ice formations and bogs.

The Salzach Glacier

The first noticeable study of the Salzach Fore-
land Glacier dates back to 1886, when Briickner
published his thesis (Briickner 1886). Since the
days of Penck and Briickner (1901/09) the fore-
land of the Salzach Glacier has been the object
of several studies on the extent and formations
of Pleistocene Glaciations. As a typical foreland
glacier, the Salzach Glacier is described in this
paper in more detail than the other glaciated
areas. This glacier is situated half in West
Germany, half in Austria, separated by the
River Salzach.

Ebers, Weinberger and Del-Negro’s work (1966)

includes a marked map of this glacier lobe (Fig.

4). The Salzach Glacier covered ca. 1 100 sq. km

of the foreland during the Wiirm Glaciation,

and ca. 1 700 sq. km during the largest (Mindel)
glaciation. The Wiirm Glacier was ca. 45 km
wide and reached 30 km N from the Alps. The
following Pleistocene formations can be distin-
guished in the area of the former Salzach

Glacier (Fig. 4):

— the main terminal basin, with Mindel/Riss,
Riss/Wiirm Interglacial lakes and a Late
Glacial lake in the area N of Salzburg,

— the Wiirmian ground moraine area, with
drumlins and glacial valleys (side terminal
basins),

— inner and outer end moraine belts of the
Wiirm Glaciation,

— Wiirm gravel plains in the front of their end
moraines,

THE SALZACH FORELAND GLACIER (after Ebers et al, 1956)

Fig. 4. The Salzach Foreland Glacier (after Ebers et al.
1966). 1. Tertiary and older Alpine rocks, 2. Pre-Giinz
(Eichwald) gravel, 3. Giinz till, 4. Giinz gravel, 5. Mindel
till, with end moraine ridges, 6. Mindel gravel, 7. Riss
till, with end moraine ridges, 8. Riss gravel, 9. Wiirm
till, with end moraine ridges, 10. Wiirm gravel, 11. Drum-
lins, within the ground moraine area, 12. Kames, esker,
13. Meltwater channel, 14. River, with Post-Glacial
valley deposits. A Adenberg (Mindel), As Asten (Wiirm),
B Burghausen, E Eichwald (Donau ?), Es Eschlberg
(Mindel), G Gundertshausen, H Hochburg (Riss), He
Hechenberg (Mindel), K Kirchweidach (Riss), M Mauer-
kirchen, Ma Marienberg (Riss), Mb Margarethenberg
(Mindel), S Sperledter Riicken (Mindel), Si Siedelberg
(Gunz ?), Z Zeifen (R/W Interglacial). Main end moraine
phases during Wiirm Glaciation: I the Unterweissen-
kirchen, II Nunreut, III Radegund and IV Lanzing
phases.

of Riss
gravel plains (as hills and terraces),

— erosion remnants moraines and

— remnants of Mindel moraines and gravels
(hills),

— remnants of Gilinz moraines and gravels
(hills), and

— remnants of pre-Giinz (Eichwald) gravels
(hills).
The outermost wide valleys and low-lying

plains (present-day), outside the Mindel and
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Giinz formations, are covered with extensive
deposits of Wiirm gravels. The Mindel, Giinz
and pre-Giinz formations are high-lying rem-
nants of former coherent moraine areas and
gravel plains, which have been strongly eroded
during the younger glacial and Interglacial
periods. They are situated on high-lying Tertiary
basement, rising now as indefinite hills and
ridges from the low-lying Riss and Wiirm out-
wash plains (Fig. 4).

The pre-Giing-gravels (Eichwald) near Mauer-
kirchen (Austria) consist of four small remnants.
They lie just behind the edge of a large Tertiary
massif east of Mattighofen that protected these
old Pleistocene formations against denudation
(Fig. 4).

Old Pleistocene gravels of the Ging Glacia-
tion, connecting with what are probably Giinz
moraines at Siedelberg, are known only on both
sides of the valley of Utterdorf-Mauerkirchen
(Fig. 4).

The Mindel Glaciation had the largest extent
among the Pleistocene glaciations in the Salzach
area, reaching a point about 5—10 km outside
the border of the Wiirm Glaciation. The Mindel
Glaciation is represented by the marked remnants
of end moraine ridges of the Margarethenberg,
Eschlberg, Hechenberg, Adenberg and Sper-
ledter Ricken (Fig. 4).

On the northern edge of the Adenberg, the
most marked Mindel end moraine in the Salzach
area, the Plio/Pleistocene border can be seen in
a gravel pit, visited by the author (Fig. 5).
Beneath a coarse-grained hardened Mindel till
and a blocky layer, the fine-grained Giinz sandy
gravel, rich in quartz, changes into a loose
Tertiary quartz gravel (see also Ebers ef a/. 1966
pp. 41—42).

The end moraines of the Riss Glaciation lie
between the Mindel and Wiirm moraines. The
2—7 km wide belt of the Riss moraines is distin-
guished as two parts by Ebers ez al. (1966 pp.
58—61). The outer end moraine between Kirch-
weidach and Traunwalchen (Riss I) consists of a
marked push end moraine complex (see Ebers
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Adenberg, Austria:Mindel end moraine.
The Quaternary / Tertiary border (Q/T)

hardened
blocky till
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boulders
hardened

gravel (Glnz) with
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Fig. 5. The Quaternary/ Tertiary border in a gravel pit of the
Mindel end moraine at Adenberg, the Salzach Glacier
(after Gliickert).

et al. 1966 pp. 68—72). These push moraines are
very rare among the Alpine formations, in
contrast to northern Germany (e.g. Gripp 1964,
and Glickert 1973 ¢). The inner Riss end
moraine belt in two parts (R IIa and R II b)
lies between Traunwalchen, Tyrlaching, Marien-
berg and SE of Burghausen (Fig. 4).

The most prominent remnants of Riss gravels,
covered with loess from the Wiirmian age, exist
between Traunwalchen and Burghausen, around
the Mindel moraine isle of Adenberg, and in the
valley of Mattighofen (Fig. 4).

The Wiirm end moraine system consists of
four separate broken belts. The outermost end
moraine (I in Fig. 4) NE of Traunwalchen is
short and represents the Unterweissenkirchen
phase. The outer (II) of the three main end
moraine belts belongs to the Nunreut phase
(Wirm II), the middle (IIT) to the Radegund
phase and the inner to the Lanzing phase (IV)
(Ebers ez al. 1966 pp. 150—151) (Fig. 4). During
the Early Wiirm (W I) the glacier did not pes-
haps extend so far as the Middle Wiirm (W II)
did. According to Ebers ez a/. (1966) W II thus
forms the outermost border during the last
glaciation. Between W I and W II there existed
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an Interstadial period, the Laufen Interstadial,
ca. 50 000—30 000 B.C. (e.g. Ebers ez al. 1966
pp. 98—101, and Gliickert 1973 b).

The hilly ground moraine area of the Wiirm
Glaciation lies on the inner side of the end
moraine belt. There are few drumlin fields, the
largest one lying east of Lake Waging (Fig. 4).
The ground moraine area seems to be more or
less drumlinized, perhaps by an overriding
glacier during the Wiirm maximum (W II), as
can be observed in the gravel pit at Schign, S
of Lake Waging (Fig. 6) (see also Knauer 1935,
and Ebers ez a/. 1966 pp. 91—95).

East of Lake Waging the famous Interglacial
deposit of Zeifen was discovered by Edith Ebers
in 1958. In a gravel pit a thick layer of gyttja,
rich in fossils, lies beneath Wiirmian till and
gravel (see Ebers ez a/. 1966 pp. 81—83, and
Jung, Beug, and Dehm 1972).

The Inn-Chiemsee Glacier

The most respected work by Troll (1924) was
his study of the large lobe of the former Inn
Glacier, connected with the smaller Chiemsee
Glacier. He presented the results in »Der
diluviale Inn-Chiemsee-Gletscher»
detailed map in color. Between these lobes was
squeezed the small Prien Glacier (Fig. 7). At the
marginal zone of the Alps there were still three

and on a

small separate valley glacier lobes, the glaciers
of Leitzach, Schliersee and Tegernsee (Fig. 2).

The present author has studied two areas
within the Inn-Chiemsee Foreland Glacier. Dead-
ice formations, consisting of kame and kettle
fields and kame terraces, lie in the lake area of
Eggstitt, having been deposited between the
Inn and Chiemsee lobes (Gliickert 1973 a). In
the valley of T6rwang, S of Rosenheim, a little
Late Wiirm (?) glacier lobe left a swarm of end
moraines with a marked meltwater channel at
the front of the glacier tongue (Fig. 7). These
terminal moraines have not been mapped before
(Gliickert 1975).

The Wiirm moraine area of the Inn-Chiemsee
Glacier (60 X 65 km) is surrounded on the W
and N by a large Wiirm outwash and a pre-
Wiirm moraine belt (chiefly Riss and Mindel),
not yet closely studied. The chief terminal basin
around Rosenheim during the Late Glacial
period formed a big lake. During glaciation the
terminal basin branched into several side tongue
basins. The Tertiary basement often appears on
the slopes of deep valleys. The hilly ground
moraine area consists ¢.g. of a couple of drumlin
fields (Fig. 7).

The mighty end moraine belt of the Inn-
Chiemsee Glacier runs in three parts, as in the
area of the Salzach Glacier. The small Wiirmian
Aying phase represents the outermost Unter-

Fig. 6. Till (t) deposited on Wiirm gravel (g). Schign, S of Lake Waging. Photo Gliickert 20. 4. 1972.
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Fig. 7. The Inn-Chiemsee Glacier (mainly by Troll 1924). 1. Tertiary, Alpine rocks, 2. Pre-
Wiirm moraines, 3. Pre-Wiirm gravels (mainly Riss), 4. Wirm end moraines, 5. Wirm
gravel, 6. Drumlins, in the Wiirm moraine area, 7. Kames, 8. Meltwater channel. Wiirm
end moraine phases: I the Kirchseeon, II Ebersberg, 111 Olkofen and IV Stephanskirchen
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phases. .

weissenkirchen phase in the Salzach area. The
outer main Wiirmian Kirchseeon phase (I in
Fig. 7), with several parallel end moraine ridges,
belongs to W II. The middle belt of Ebersberg
(IT in Fig. 7) and the inner belt of Olkofen (III)
consist of several end moraine ridges. In the
terminal basin of Rosenheim, the innermost end
moraines belong to the Stephanskirchen phase
(IV) (Troll 1924, and Kraus and Ebers 1965).
The deep Wiirm meltwater channel of Gars
breaks through the large Wiirmian end moraine
belt at the northern edge of the glacier (the
present valley of the River Inn) (Fig. 7). At the
bend of the River Mangfall, at the western edge
of the glacier, great meltwater masses were
driven through a large erosion channel into the
western foreland, called the Gravel Field of
Munich (Fig. 2 and 7). Between the Inn and
Chiemsee lobes there also flowed great melt-

water masses along the valley of the river Alz
towards the NE. The famous Wiirm Interstadial
find of Hormating (peat within Wiirm gravel)
was discovered and described by Ebers (1960 pp.
64 and 75) and dates back to about 45 300 -
1000 B.P.

The Isar Glacier

The Isar Glacier has been studied e¢.g. by
Aigner (1910, 1913), Rothpletz (1917), Troll
(1925), Knauer (1928, 1931) and Schmidt-Thomé
(1966). The present author has paid particular
attention to the little glacier lobe of Tolz,
situated between To6lz and Holzkirchen (Fig. 2
and 8).

The 50 x 50 km wide Isar Glacier branched
into four side terminal basins belonging to the
corresponding lobes of Ammersee, Starnberg,
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Fig. 8. The lobe of Tolz, the Isar Glacier, near Holz-
kirchen (mapped by Glickert). 1. Riss moraine, 2. Riss
end moraine, 3. Wiirm end motaine, 4. Wiirm gravel,
5. Meltwater outflow. G Gross-Hartpenning, K Klein-
hartpenning, O Oberwarngau.

OF TOLZ

Wolfratshausen and T6lz (Fig. 2). The terminal
basin of Ammersee and Starnberg now form
long lakes going deep into the Tertiary base-
ment. Also in the basin of the lobe of Wolfrats-
hausen there was a big lake during the Late
Glacial period (e.g. Schmidt-Thomé 1966 and
Jerz 1969 pp. 60—66).

The moraines and gravels of the Riss Glacia-
tion form the extreme border at the front of the
Wiirmian Isar Glacier (e.g. Penck and Briickner
1901/09 p. 186). The deposits of early Pleistocene
Giinz and Mindel Glaciations have no distinct
but are hidden beneath the Wiirm and
Riss deposits, appearing mostly only as gravel
beds in deeply eroded river wvalleys (e.g. the
Isar). Outside Wiirm moraine area separate Riss

forms,

moraine isles and remnants of a Riss gravel

field rise from even Wiirm outwash. Along the
River Isar, e.g. at Griinwald and Munich, rem-
nants of the Riss gravel field shape terraces
rising 10—20 m above the Wiirm gravel field,
the Gravel Field of Munich, the most extensive
coherent gravel accumulation in the foreland of
the German Alps (see Penck and Briickner 1901/
09 pp. 58—60, 177, and Schaefer 1968) (Fig. 2).

The well-developed marginal formations of
the small Wiirmian lobe of Télz, studied by the
author in 1971, run into almost twenty separate
end moraines (see Aigner 1910, 1913, Rothpletz
1917, Troll 1925, and Schmidt-Thomé 1966).
The outermost belt at Gross-Hartpenning and
Sufferloh, consisting of ridges 30—40 m high
with sharp crests and steep slopes, runs S of
Holzkirchen and is surrounded by a narrow
Wiirm gravel belt. Well-developed end moraine
ridges have been formed e.g. in the areas of Obet-
warngau, Tannried, Piesenkam and Sachsenkam.
The meltwaters of the Wiirmian lobe break out
through two glacier gates lying S of Holz-
kirchen and in the valley of Teufelsgraben, W
of Kleinhartpenning (Fig. 8).

Just N of the outer Wiirm end moraines there
exist several Riss moraine formations, covered
with Wiirmian loess. A few end moraine ridges
can be observed within the Riss moraine area.
The deep erosion meltwater valley of Teufels-
graben gives a good cross section of the Pleisto-
cene deposits (Fig. 8).

At Holzkirchen the low Riss moraine hills
are covered with loess, more than 1 m thick.
Thin beds of loess were observed by the author
also on Wiirm gravel and in several gravel pits
within the Wiirm gravel field (e.g. SW of Thal-
ham). In a gravel pit in the Zeller Wald, beneath
2 m till (Wiirm) a layer of loess (30 cm) on
Wiirm gravel can be observed. Thin beds of
loess within the Wiirm gravel indicate that there
were intervals between the sedimentation of
loess and glaciofluvial gravel in the foreland of
the Wiirm glacier.

Swarms of drumlins occur in several areas of
the Isar Glacier, e.g. near Konigsdorf and west
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of Lake Wiirm. The well-known drumlin field
of Eberfing was studied by Ebers (1926).

A peat layer within the Wiirm gravel at Hofen
S of Konigsdorf gives the 1*C age of ca. 35 000
B.C. for the Wiirm Interstadial (Jerz 1969 p.
43 and Stephan 1970 pp. 219, 226—227).

The Lech Glacier

Just west of the great Ammersee lobe, the
Isar Glacier, the small Lech Glacier lies on both
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sides of the River Lech (Fig. 2). The glacier
has been studied, e.g. by Penck and Briickner
(1901/09), Miiller (1918), Eberl (1930) and
German (1962). The author has not studied the
Lech Glacier personally.

The pre-Wiirm formations in front of the
Wiirm end moraine belt are remnants, in the
main of pre-Riss gravels, Riss moraines and
gravel plains, crossing by several marked Wiir-
mian centrifugal meltwater channels (Fig. 2).

The Iller Glacier

Between the Rhine and Lech Foreland Gla-
ciers, the Iller Glacier extended northward
during the Wiirm Glaciation with three large
lobes. The western, Kempten lobe and the
eastern, Wertach lobe, by the side of the Lech
Glacier, are larger than the middle, Giinz lobe
(Fig. 2 and 9).

Formations of all six known Pleistocene
Glaciations were found in the large and many-
sided foreland of Pleistocene gravel accumula-
tions of the Iller and Lech Glaciers (Eberl 1930
and Schaefer 1956). In the valley of Memmingen,
Penck first demonstrated the four major glacia-
tions, i.e. Giinz, Mindel, Riss and Wiirm, by
discovering four terraces at different heights
belonging to separate glaciations (Penck and
Briickner 1901/09 pp. 28—38). Eberl (1930)
published his detailed dockument of the Lech-
Iller Glacier and also demonstrated the fifth
Glaciation (Donau). Later Graul (1949, 1962),
Schaefer (1940, 1951, 1953 a, b, 1973), German
(1960) and Sinn (1971, 1972) have dealt with
the formations of the Iller Glacier. Present
author has mapped an area with Mindel and
Riss end moraines, situating between the rivers
of Iller and Wertach, and first distinguished
these pre-Wiirm moraines from each other
(Gliickert 1974) (Fig. 9).

In the foreland of the Iller moraine area, on
both sides of the deeply eroded valley trains,
there stretch high-lying long remnants of old
gravel fields, belonging to the Donau, Giinz,
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Fig. 10. Hardened Giinz gravel of the Iller Glacier. East of Wolfertschwenden. Photo Gliickert 4. 6. 1973.
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Fig. 11. Riss till (R t) above Mindel gravel (M g), the Iller Glacier. Hinterschmalholz, SE of Ottobeuren.

o ' & i

Photo 4. 6. 1973.

Mindel and Riss Glaciations. At Briichlins, in
the vicinity of Ottobeuren, fine-grained fluvial
gravels, called the Ottobeuren gravels, belong
to the beginning of the Pleistocene (see Eberl
1930 and Sinn 1972) (Fig. 10).

In the authot’s opinion, the outer border of
the pre-Wiirm moraines on the even remnants
of gravel fields lie further into the foreland
than assumed earlier (see the Geol. Map of
Baden-Wiirttemberg 1962). The
Pleistocene moraines in the area of the former
Iller Glacier belong to the Minde/ Glaciation.

outermost

A lot of the Mindel moraine area, flattened hills
rising 5—25 m above the till-covered gravel
fields, has been destroyed by the advance of the
younger Riss glacier and by erosion of Riss and
Wiirm meltwater streams (channels). Therefore
only the outermost Mindel end moraines exist
(Gliickert 1974) (Fig. 9).

The 2—10 km wide zone of the Riss moraines
lies .between the borders of the Wiirm and
Mindel Glaciations. The Riss
consists of more than ten belts of broken end

moraine area

moraine ridges, separated by deep Late-Riss
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Fig. 12. Riss gravel of the Iller Glacier. Johanniskeller,
E of Obergiinzburg. Photo Gliickert 15. 6. 1973.

and Wiirm meltwater channels. The most pro-
minent end moraines, e.g. the ridge of the
Simmerberg, composed of blocky till lying in
layers 10—30 m thick on gravel and/or Tertiary
basement (Fig. 9 and 11). The innermost Riss
end moraines have often been destroyed by
active tongues of the Wiirmian Iller Glacier
(Gliickert 1974) (Fig. 12 and 13).

The Wiirm gravels fill the bottoms of present-
day wvalleys, e.g. the valleys of Memmingen,
western and eastern Giinz, Friesenried and
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Wertach. During the Wiirm Glaciation separate
small lobes of the Iller Glacier, the lobes
of Dietmannsried, Untrasried, Obergiinzburg,
Friesenried and Kaufbeuren (Wertach), formed
several end moraine areas lying in these valleys
and closing them as mighty barriers (Gliickert
1974) (Fig. 9). The Wiirm moraines have been
studied also by Graul (1953), Schaefer (1953 b)
and German (1960).

The Rhine Glacier

The largest glacier in the foreland of the
German Alps is the Rhine Glacier, covering
about 6 600 sq. km (120 x 60 km) during the
Wiirm and 9700 sq. km during the largest
Pleistocene Glaciation. The large Lake Constance
represents the major terminal basin of the
glacier. Most of the meltwaters flowed to the
both sides of the broad glacier, along the valleys
of the Rivers Rhine and Danube, because of a
large mountain range, named the Swabian Alp,
rising just in the front of the Rhine glacier lobe
(Fig. 2 and 14). The Pleistocene formations of
the Rhine Glacier have been studied, e.g. by
Penck and Briickner (1901/09), Schidel (1953),

Fig. 13. The highest Riss end moraine ridge of the Iller Glacier: Simmerberg (901 m above sea level), SE of Otto-

beuren. Photo Gliickert 15. 6. 1973.
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Fig. 14. The eastern part of the Rhine Glacier. Donau
and Gunz gravel fields: D Dotndotf, E Etlenmoos,
Ez Erolzheim, H Heggbach, Hz Holzstocke, T Thann-
heim. White areas within the gravel fields consist of
Tertiary basement and Post-Glacial valley deposits. After
Penck and Briickner (1901/09), Graul (1962), and the
Geol. Maps of Baden-Wiirttemberg (1962), and
Iller-Riss (1973).

German (1960), Graul (1962), Eichler (1970)
and Mader (1971).

In the western and middle part of the large
glacier, the Riss Glaciation reached the largest
extent, and in the eastern part the Mindel
Glaciation. Both of these glaciations are repres-
ented by moraines and gravels. In front of the
border of the Riss and Mindel moraines, rem-
nants of Donau and Giinz gravel accumulations
also occur, e.g. at Erlenmoos, Erolzheim, Hegg-
bach, Dorndorf, Thannheim and Holzstocke
(e.g. Graul 1962, and Schidel and Werner 1963).
The gravel accumulations of the Donau, Giinz,

Mindel, and Riss Glaciations are deposited
between the mountains of the Swabian Alp and
the gravels of the Iller Glaciation (Fig. 14).

The Riss moraine area, lying in front of the
Wiirm moraines and gravels, is 10—20 km wide,
consisting of several end moraine belts. The
Mindel moraine belt at the eastern edge of the
Rhine Glacier lobe is narrow and has not been
studied closely yet.

Conclusions

The study of ancient Pleistocene Glaciations
started in the Alps, which still remain one of the
principal areas for glacial geological investiga-
tions. The famous basic division into the four
Alpine Glaciations, the Giinz, the Mindel, the
Riss and the Wiirm, was first worked out in
detail by Penck and Briickner (1901/09) and
completed by Eberl (1930; the Donau Glacia-
tion) and Schaefer (1956; the Biber Glaciation).
The formations of the Pleistocene piedmont
glaciers consist both of till and end moraines,
and of glaciofluvial meltwater gravels, lying in
extensive fields in the foreland of the Alpine
lobes.

Glacial geological studies were carried out by
the author in the areas of several Alpine foreland
glaciers, the former Salzach, Inn-Chiemsee, Isar
and Iller Glaciers. These results complete the
picture of the Pleistocene formations of the
Giinz, Mindel, Riss and Wiirm Glaciations.
Large areas covered by the former Alpine
glaciations, however, have not yet been studied
closely.

In the foreland of the Salzach, Inn-Chiemsee,
Iller and the eastern part of the Rhine Glaciers
Mindel moraines have been identified outside
the Riss and Wiirm moraines. The Riss Glacia-
tion was the most extensive in the areas of the
former Isar and western part of the Rhine
Glaciers. The considerable erosion of ancient
glacial deposits has formed deep wvalley trains,
with terraced slopes belonging to particular
glaciations.
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The Salzach Glacier is a typical area with
deposits of five glaciations. This foreland glacier
has been studied by Briickner, Penck and Ebers
et al. The Plio/Pleistocene border can be ob-
served, e.g. in a gravel pit situated on the ridge
of Adenberg, the outermost Pleistocene and
most marked Mindel end moraine in the area.
The Mindel, Riss and Wiirm end moraine belts
indicate the borders of the former glacier lobes.
The Wiirm moraines are partly drumlinized,
forming several drumlin fields.

The large lobes of zhe Inn-Chiemsee Glacier have
been mapped in detail by Troll. Outside the
mighty Wiirm end moraine belt, which is in
three parts, the Kirchseeon, Ebersberg and
Olkofen phases, a large pre-Wiirm moraine area
is situated, which has not yet been closely
studied. Both the dead-ice formations between
the Inn and Chiemsee lobes, and the Late
Wiirmian end moraines in the closed valley of
Torwang, were studied more closely by the
present author,

During the Wiirm Glaciation the Isar Foreland
Glacier formed four separate lobes, the Ammer-
see, Starnberg, Wolfratshausen and Té6lz. Out-
side their mighty end moraine ridges, separate
remnants of Riss moraines and gravels rise as
isolated hills above one of the largest gravel
accumulations in the northern Alpine foreland,
the Gravel Field of Munich. A well-developed
swarm of more than 20 Wiirmian end moraine
ridges represent the small T6lz lobe, which was
studied by the author.
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The small Lech Glacier lies between the Isar
and Iller Glaciers. Outside the Wiirm moraines
Riss moraines and pre-Wiirm gravels have been
observed.

Finally, the Z/ler Foreland Glacier was studied
by the author in 1973, to distinguish the Mindel
and Riss moraines from each other. The rem-
nants of the narrow Mindel end moraine belt
lie outside the wide Riss end moraines, cut into
separate ridges by strong glacial meltwater and
interglacial fluvial erosion. These pre-Wiirm
moraines lie on high remnants of the Giinz and
Mindel gravel plains on both sides of the deep
eroded valley trains. The Wiirmian end moraines
were deposited by small tongues of the Iller
Glacier, moving along the bottoms of pre-Wiirm
valleys, thrusting in some areas over part of the
Riss moraine area. In the Iller-Lech Foreland
the oldest Pleistocene and largest pre-Wiirm
gravel deposits have been found, belonging
chiefly to the Biber, Donau and Giinz Glacia-
tions.

The Rhine Glacier, the westernmost and largest
former glacier lobe in the northern Alpine
foreland, was squeezed against the mountain
range of the Swabian Alp. The pre-Wiirm
formations, belonging to the Donau, Giinz,
Mindel and Riss Glaciations, therefore lie out-
side the borders of the Wiirmian lobe, mainly
NE of the former glacier. The broad Riss
moraine area in front of the Wiirm formations
is especially prominent. A narrow Mindel
moraine zone has been identified outside the
Riss area in the eastern part of the glacier.
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