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A review of current stratigraphical systems for the Quaternary sedimentary sequences of Southern Bavaria is given as it is used
by the Geological Survey of the Bavarian Environment Agency. Different classification approaches for continental deposits
of the Quaternary are highlighted with a special focus on the climate and terrace stratigraphy which are commonly used in
Bavaria. A description of the associated informal units documents the current status of application and may lead to formal defi-
nitions. In Bavaria the traditional classification after PENCK & BRUCKNER (1901-1909) with its completions and refinements is
still in use. New results concerning a more detailed structuring of the glacial epoch by subordinate cold and warm phases were
integrated into this system. Terrace sequences are crucial for this classification of the Quaternary in Southern Bavaria whose
chronological interpretation is the base of the so-called morphostratigraphy. Successions of terminal moraines which consti-
tute glacial-glaciofluvial sequences with the associated terraces represent a second basis of stratigraphical division. Therefore,
beside a detailed documentation of the terrace units also classifications of different terminal moraines are presented. Further
stratigraphical systems are used in Bavaria and in adjacent areas which are based on different criteria or which lead to different
chronological classifications. Even the described stratigraphical classifications are not used by all authors in the same way. The
documentation of the current use may assist a coordination of different nomenclatures for the users benefit.

[Quartérstratigraphie von Siidbayern]

Eine Ubersicht der aktuellen stratigraphischen Bezeichnungen fiir die quartére Schichtenfolge Stidbayerns wird gegeben, wie sie
am Geologischen Dienst des Bayerischen Landesamts fiir Umwelt in Verwendung ist. Unterschiedliche stratigraphische Glie-
derungsansitze fiir kontinentale Quartirablagerungen werden vorgestellt und die klimatostratigraphische Einteilung sowie die
Terrassenstratigraphie als in Bayern meistverwendete Varianten néher ausgefithrt. Die Beschreibung der zugehérigen, bisher
informellen Einheiten bezweckt eine Dokumentation des jeweiligen Stands der Verwendung und kann womdglich formelle De-
finitionen vorbereiten. Die klimatostratigraphischen Einheiten sollen den gesamten Zeitraum des Quartérs liickenlos abdecken
und vertreten derzeit tiberregionale, formelle Stufenbezeichnungen. In Bayern wird weiterhin die klassische Gliederung nach
PENCK & BRUCKNER (1901-1909) mit ihren Erweiterungen verwendet. Neue Erkenntnisse iiber eine stirkere Gliederung des Eis-
zeitalters durch untergeordnete Kalt- und Warmphasen werden in dieses System integriert. Fiir diese Gliederung des Quartars in
Stidbayern ausschlaggebend sind zum Einen die Terrassentreppen, deren zeitliche Interpretation eine Grundlage der sogenannten
Morphostratigraphie bildet. Die zweite Grundlage bilden Endmoranengirlanden, die mit den davon ausgehenden Terrassen gla-
zial-glazifluviale Sequenzen (,Glaziale Serien’) bilden. Neben der ausfiihrlichen Dokumentation der Terrassen-Einheiten, werden
deshalb auch verschiedene Endmoréanen-Gliederungen vorgestellt. Weitere Nomenklaturen, die auf anderen Kriterien beruhen
oder zu anderen chronologischen Einstufungen gelangen, sind fiir Bayern oder in den angrenzenden Landern in Gebrauch. Auch
die beschriebenen stratigraphischen Gliederungen werden nicht von allen Bearbeitern in gleicher Weise verwendet. Die Doku-
mentation der derzeitigen Verwendung soll eine Abstimmung dieser Nomenklaturen im Interesse der Nutzer fordern.
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Addresses of authors:

G. Doppler, Bayerisches Landesamt fiir Umwelt, Geologischer Dienst, Dienstort Lazarettstrale 67, D-80636 Miinchen. E-Mail:
gerhard.doppler@lfu.bayern.de; W. Grottenthaler, Brunnenstrafle 20, D-85598-Baldham. E-Mail: grottenthaler-baldham@
t-online.de; H. Jerz, Eichleite 7, D-82031 Griinwald. E-Mail: hjerz@yahoo.de; E. Kroemer and J. Wallner, Bayerisches Lan-
desamt fiir Umwelt, Geologischer Dienst, Dienststelle Hof, Hans-Hogn-Str. 12, D-95030 Hof/Saale. E-Mail: ernstkroemer@
Ifu.bayern.de, johannes.wallner@Ifu.bayern.de; K. Rogner, Ludwig-Maximilians-Universitdt Miinchen, Department fir Geo-
graphie, Luisenstraf3e 37, D-80333 Miinchen. E-Mail: k.roegner@geographie.uni-muenchen.de

1 Introduction

arian Alpine Foreland as it is currently used in the Geological

Survey (Bavarian Environment Agency). References to dif-

More than 100 years of investigation of Quaternary deposits
in the northern Alpine region led to numerous proposals for
classification of the sediments accumulated during the Pleis-
tocene epoch (FIEBIG et al., in press). Hence, a hardly man-
ageable number of different nomenclatures evolved, often ac-
companied by different use of synonymic terms. Against this
background the ‘Arbeitsgemeinschaft Alpenvorlandquartir’
(AGAQ; Working Group on the Quaternary of the Alpine
Foreland) aims at documenting and defining stratigraphic
systems and terms used in the northern Alpine region in or-
der to make them better comparable. This paper intends to
present a stratigraphical standard classification for the Bav-
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ferent applied glossaries shall give assistance for understand-
ing the diversity of nomenclatures in the relevant literature.
For a better understanding of the primary literature we con-
sequently use the original german terms in this paper.

The application of the ‘International Stratigraphic Guide’
(SALvADOR 1994) and resulting suggestions (STEININGER
& PILLER 1999) for continental quaternary deposits raises
some trouble. They show very small-scaled changes in facies
and also pronounced hiatuses. Thus there is a need for high
chronological resolution, but at the same time there is a lack
of appropriate dating methods for the older parts of the Qua-
ternary (PREUSSER et al. 2008).
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2 Stratigraphical systems

MURPHY & SALVADOR (1999) distinguish five essential cat-
egories of stratigraphic classifications dependent on the
criteria applied for the discrimination of each unit:

(i) lithostratigraphy,

(if) stratigraphy by unconformity bounded units,

(iii) biostratigraphy,

(iv) magnetostratigraphy,

(v) chronostratigraphy.
All those different kinds of stratigraphical classification —
and further comparables — can be applied in different ways
to organise the Quaternary.
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The marine oxygen isotope stages (MIS) and the mag-
netostratigraphy serve as an international reference
scale for a chronological classification of the Quaternary
(CROWHURST 2002, OGG & SMITH 2004). The contribution of
magnetostratigraphical investigations to the stratigraphi-
cal classification of Quaternary deposits in Bavaria is lim-
ited due to generally short and fragmentary sediment se-
quences (STRATTNER & ROLF 1995; HAMBACH et al. 2008).

The MIS provide a detailed classification of the marine
Quaternary, reflecting changes in sea water temperatures
and global ice volume (CROWHURST 2002). Currently the
MIS display the most common international reference scale
for the classification of Quaternary deposits. However, cor-
relation with continental sedimentary units and climatic
phases is not straightforward and difficult without numeric
ages of the continental sequences.

2.1 Chronostratigraphy and comparable stratigraphic
systems

Validating the Quaternary as the youngest period/sys-
tem of the Earth’s history and the expansion of its lower
boundary to 2.58 Ma by the International Union of Geo-
logical Sciences (IUGS) (GiBBARD et al. 2009) paid regard
to a long existing usage in many regions with continental
Quaternary deposits and also in Bavaria. The subdivision
of the Pleistocene in subseries/subepochs (Lower/Early,
Middle, Upper/Late Pleistocene) is still in progress (LITT
et al. in prep.). Like the base of the Quaternary (base of
Gelasian) the boundary between Lower/Early and Mid-
dle Pleistocene is linked to a polarity change of the Earth’s
magnetic field, the transition from Matuyama (reversed) to
Brunhes epoch (normal). This demarcation indeed is trace-
able throughout the world. However, it is disconnected
from the commonly applied main climate stratigraphical
classification because a correlation of climate and polarity
changes is not expected.

Internationally established Quaternary stages only exist
for marine deposits. In continental environments a chro-
nostratigraphical classification is often replaced by a re-
gional climate stratigraphy differentiating cold and warm
phases. Even without a formal definition this phases often
are used like chronostratigraphical stage terms (e. g. ‘Saal-
ian’, ‘Eemian’).

2.2 Biostratigraphy

Biostratigraphically significant locations of the Quater-
nary in Bavaria are summarised in Table 1. The strati-
graphical classification of the warm-temperate phases
of the Pleistocene and the Holocene is essentially based
on palynological analyses which are summarised in
DRESCHER-SCHNEIDER et al. (2001).

The current mammalian stratigraphy for the Pleis-
tocene in Germany is largely based on small mammal re-
mains (KOENIGSWALD & HEINRICH 2007). They are better
suitable because of their faster evolutionary development
(KoEniGswALD 2002). But like the remains of large mam-
mals, localities enriched in small mammals are very rare.
This holds particularly true for deposits older than Upper
Pleistocene.
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Tab. 1: Biostratigraphically important localities of the Pleistocene in Southern Bavaria. Codes for geological units composed of stratigraphy and facies/litho-
logy; the code of the unit containing the fauna or flora in bold characters; Stratigraphic codes: B = Biber; D = Donau; M = Mindel; M/R = Mindel/Rif$; OSM
= Upper Freshwater Molasse (Obere Sii3wassermolasse); gh = Holocene; R = Rif3; Rj = Jungrif3; R/W = Rif3/Wiirm; USM = Lower Freshwater Molasse (‘Untere
Siifswassermolasse’); W = Wiirm; Wf = early Wiirm (‘Frithwiirm’). Facial /lithologic codes: .f = fluvial; ,,fl = solifluction loam; ,,g = morainic; ,G = gravel; ,H
= peat; ,Hp = compressed peat (‘Schieferkohle’); ,,l = lacustrine; ,K = lime (‘sinter’, ‘chalk’); ,Kq = solid sinter (‘Kalktuff’); ,Lo = loess; ,.Lol = loess loam; M =
marl; (M) = clod(s) of marl; ,p = periglacial, f = succession.

Tab. 1: Biostratigraphisch bedeutsame Lokalititen im Pleistozin des Bayerischen Alpenvorlands.

Tab. 1a: Palynological localities.
Tab. 1a: Fundorte mit Pollenfloren.
- . . Ecology/ . .
TK25 | Locality Coordinates | Bedding interpretation Classification Reference
3582200 ,Lo-..flwith ,H/ W,G, ’ . -
7726 | Bellenberg 5347100 7 0SM wi / P glacial Wurm pleniglacial Peschke (1982, unpubl. report])
3592700 ) .
8027 | Gofdmannshofen L/ H/RG glacial Warm Frenzer (1974, unpubl. report)
5310400
Sonthofen (Kgr. 3599850 W,g/W,G/,HpinW,I|. . .
8427 Wachter] 5553500 /RG+R.g interstadial Early Wirm Pescke (1983a]
8233 | Antdorf AR ,\ﬁ‘i,g [WE[WIwith 1iverstadial Early Warm Pescwke [1983a)
. . 4442650 . . . Reich (1953];
8333 | Pdmetsried 5280150 W,G/,Hp/W.,l interstadial Early Wirm PescHke (1983a)
Wi burg, =4516200 ' . . .
7939 ve?giﬁiregerﬂe Fundorte | 5325500 W,G with ,Hp interstadial Early Wirm Frenzer & JocHivsen (1872
) ) 4451200 . . . -
8234 | Breinetsried 5289900 W,G with ,Hp interstadial Early Wirm: Moershoofd? | Peschke (1983a)
. A 4459810 ; ) . .
8234 | Hoéfen/Schonrain 5295030 W,G with ,Hp interstadial Early Wirm Peschke (1983a)
8333 | Schwaiganger :ggggggg W,G with 2 ,Hp interstadial E?;lrvu\‘/jV’;eri Odderade? Peschke (1983a)
=4396500 interstadial Early Wiirm Srrirzke (1996, unpubl. report]
8323 | RoRfallen «5078650 | W»9/Hp+W.I/USM |terminal end of RiR/Wirm correlated to Pfefferbichl
interglacial T
. 4415600 interstadial Early Warm .‘ ‘.
8331 | Steingaden W,.g / WE-R/W, I terminal : . HoFLE & MuLLEr (1983)
5284150 interglacial 1 end of Rif3/Wirm
. 4409150 glacial Wirm ReicH (1953);
8330 | Pfefferbichl se774gg | Wol/HR/R. interglacial 1 RiR/Wrm FrenzeL (1976)
8333 | GroRweil =~4446600 |W,G/Wf-R/W,lwith [interstadial Early Wirm Reich (1953];
5281100 |,Hp/R.G+S interglacial 1 Rif3/Wiirm t Peschke (1976)
4515150 W,g / Wf-R/W, I / R,,g | interstadial Early Wirm .
8239 | Samerberg 1 5090350 |/ 7M1/ M.g interglacialt Eem [= RiB/Warm) 1 Grueer (1979)
=4457200 |W,g/W,G/.Hp/Rj.l [interglacial Rif3/Wiirm
8134 | Herrnhausen =5300750 |/R.g glacial 1 RIR 1 Pescrke (1983b)
; 4562100 : interglacial Rif3/Wirm
8042 | Zeifen 5310910 W,G / Rj-R/W,K,I glacial 1 RiR 1 Jung et al. (1972)
~4450500 . interglacial Rif3/Wirm Beus (1979]);
8234 | Eurach ~5294750 WG/ Rj-RIWKI glacial 1 Rif3 1 June (1979): macro remains
7039 [Résal\al\?]sburg—Harting :ggégggg ?Ra,G/,H/?,6 interglacial Middle Pleistocene? Grosse-Beckmann (1993)
4514800 W,.g / Wf-R/W,,I / R,.g | interglacial - Holstein Il (= ?7?) .
8239 | Samerberg 2 5090760 |/ R-M/RK-M,I/M.g |interstadial Holstein [= Mindel/Rig) | BRUGER (1983)
4397200 Lal-,fl/ ,Hp / M,f . . <Tegelen, > Cromer ScHeoLer (1979];
7623 | Unhlenberg 5360100 |/DG Interglacial Bavel? BLuoau [1995)
Tab. 1b: Malacological or mammal localities.
Tab. 1b: Fundorte mit Mollusken- oder Kleinsdugerfaunen.
TK25 | Locality Coordinates | Bedding Ecology/interpretation | Classification Reference
Molluscs:
Sonthofen (gravel pit 3599850 W,g/W,G/ Hpin |. . . )
8427 “Wachter”) 5263500 W.i/RG+R.g interstadial Early Wirm Denm in EgeL (1983)
) 4414730 ) ) . .
7831 | Kolonie Hurlach 5332570 gh.,G / R/W,Kq interglacial Rif3/Wirm Kovanpa (1989]
. . 4393200 . interglacial or ; N
7329 | Hochstadt 5386500 ,Lo/[M]inR,G interstadial [warm) ?Inner-Rif3 Puissesur in Lecer (1988]
" 4419200 . ; ; ; TiLmanns et al. (1982]; RaHLE
7331 | Mlnster 5389500 (M)inR,G interglacial Pleistocene (1994, unpubl. report)
7731 | Bobingen gg}lgggg ‘Rl“%/“ﬂ/[‘M] in interglacial Older than Eem RaHLE (1994, unpubl. report)
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~4450650 - interglacial Rif3/Wiirm or Denm (1979); OnmerT (1979):
8234 | Eurach =5294760 | WO/ RI-RIWK/I Pre-Mindel ? Ostracoden; Kovaos [2006]
7537 Thonstetten 4492400 ,Lo/..f1/,.8in ?R,G |interglacial, river + BRUNNACKER & BRUNNACKER
(Fagotienschotter) 5367800 or ?G,6 floodplain Older than Mindel? | (1962); Kovanoa [2006)
7537 Niederhummel 4492350 Lo/ 1/ Mf/ interglacial, river + BRUNNACKER & BRUNNACKER
Fagotienschotter 5366600 ?R.G or ?G,G floodplain Older than Mindel? | (1862); Kovanoa (2006
g p
4397200 ,Lol-,.fl / Hp / ,M,f |interglacial; Tiglian?, possibly .
7629 | Uhlenberg 5360100 | /D.G floodplain Waal? ~Buch? Rane (1995
4405250 interglacial; Tiglian?, possihly ]
7530 | Lauterbrunn 5370100 ,Lol+,,fl/ D,G floodplain Waal? ~Buch? RAHLE (1995])
7828 | Firbuch gggggég gng]f (reloc. ??? Pleistocene Munzine (1974)
3599450 interglacial,
7828 |Horlis 5334550 D,G/(M)/B,Gp |humiddeciduous forest |before Rif3/Wirm | Munzing (1974)
+ river
73588000 interglacial, ; ScHroper & Denm (1951)
7727 |Buch 25344000 D,G/.M/B.Gp humid deciduous forest, | Early Pleistocene Manzin & OrverT (1974)
floodplain
3602450 (M)inB,G,p . . . Munzing in LascHer et al.
7528 |Brennberg/Burgau 5365280 {Urdonau) interglacial Pleistocene (1978)
. . 4397200 (M)inB,G,p : : ] Munzing in LascHer et al.
7528 | Kirchberg/Worleschwang 5367950 (Urdonau) interglacial Pleistocene (1978)
. interglacial,
7529 | Fuchsherg/Wallbach ggggggg [DS][M'SChfaZ'ES]/ deciduous forest - Pleistocene Munzing & AkTas [1984)
alluvial forest
7530 | Welden gggs%g F&][;Aésgh;azms] Iinterstadial Pleistocene Munzing & Aktas (1884)
4406570 interglacial,
7430 |Osterbuch 5376040 (M)inD,G deciduous forest - ~ Buch Munzing & AkTas (1984)
alluvial forest
?4396100 ; interstadial or early e .
7729 | Walkertshofen 25343850 B,G with (,M] interglacial? ~ Fischach / Buch | EgerL (1930: 309)
: ?4401060 ; interstadial or early LAltpleistozan®; ,
7730 |Fischach 25350150 B.G with (,M] interglacial? floodplain |  Buch ScHrODER & Denm (1951)
Small mammals:
Villanyium, MN 17
4397240 JLol-.fl/ Hp /.M,f ’
7629 |Uhlenberg (corr. youngest ELLwanger et al. (1994)
5360150 / D.G Tiglian)

Mollusc faunae provide the opportunity for correlations
with climate stratigraphy of the Nordic glaciations (DEHEM
1979, MUNZING & AKTAS 1987, RAHLE 1995, KOVANDA 2006).
However, a distinct classification system with typical com-
munities or type fossils (LOzEK 1964) is not established.

For other zoological taxa no biostratigraphical classi-
fication systems are established for the continental Qua-
ternary so far. However, a relative stratigraphical corre-
lation is partly feasible when accompanied by additional
investigations (e. g. isotopic analyses on ostracodes by
GRAFENSTEIN et al. 1992).

2.3 Lithostratigraphy and comparable classification
systems

In Bavaria the traditional classification systems (with some
further adjustments) are still applied. According to the ori-
ginal classification of PENCK & BRUCKNER (1901-1909) pri-
marily morphological aspects were in the focus which later
led to the term ‘morphostratigraphy’. However, the base
forming concept of the *Glaziale Serie’ and ‘Glazialer Kom-
plex’ (glacial-glaciofluvial sequences of one glacial phase
respectively of one ice advance) introduced by PENCK &
BRUCKNER (1901-09: 13f) also contains litho-facies aspects.

Lithostratigraphy.
At present a lithostratigraphical system for the deposits of
the South German Quaternary is only applied in Baden-
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Wirttemberg in the area of the Pleistocene Rhine glacier.
Its framework is primarily based on the observed succes-
sion of basin fills (ELLWANGER et al. 2003).
Morphostratigraphy.

The classification into different ‘Glaziale Serien’ is the
base of the climate stratigraphical classification (glacials and
interglacials) and as well of a subdivision into ‘morphostrati-
graphic’ units with regard to moraine and meltwater deposits
(terraces).

The terrace stratigraphy primarily uses the relative altitudi-
nal position of meltwater deposits and - in second order - the
composition of the gravel deposits and their covering strata.
This led to terms like ‘Niederterrasse’ (Lower Terrace), Hoch-
terrasse’ (Higher Terrace) or ‘Deckenschotter’ (Cover Gravel).
In addition distinct local terms are used in different valley sys-
tems (e. g. ‘Altstadtstufe’ of the river Isar at Munich).

Moraine stratigraphy uses different terminal moraine sta-
ges in connection with their respective gravel plains. Dif-
ferences in relief and depth of weathering play an impor-
tant role for categorisation. A supra-regional classification
is only used for the terminal stages of Hochwiirm’ (Wuerm
pleniglacial).

Pedostratigraphy.

A stratigraphic classification similar to the lithostratigraph-
ic one was based on palaeosols in younger loess sequences
by SEMMEL (1968), BiBUs (1974) and ZOLLINGER (1991). It
was established north of the Alpine Foreland where high
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Tab. 2: Pedostratigraphy of the younger Pleistocene of Southern Germany; chronology and classification of the palaeosols older than Rif3/Wiirm (= Eemian)
are still uncertain. Bimstuff = pumice tuff; Bt = argic horizon; (Nass-)Boden = (initial hydromorphic) soil; Humuszone = humous horizon; Taschenboden =

involution layer (soil relics in hollow moulds); Tundragley = cryic gleysol.

Tab. 2: Pedostratigraphische Einheiten des jiingeren Pleistozdins zur Verwendung im Alpenvorland.

Climate stratigraphy

Loess soils

Gravel soils

SemmeL (1968); Bisus (1974); Zovuinger [1991); Bisus (2002)

Bisus & KaseL (2001)

Holocene

recent soil

recent soil

Warm

Oberes Wirm (Upper /
Late Wlrmian]

(Laacher Bimstuff]
Erbenheimer (Nass-)Boden E4
(Eltviller Tuff)

Erbenheimer (Nass-)Boden E3
Erbenheimer [Nass-]Boden E2
Erbenheimer (Nass-]Boden E1
(Rambacher Tuff]

Mittleres Wirm
(Middle Wurmian]

Lohner Boden /
Backinger Boden
Tundragley
Graselberger Boden

Unteres Wirm
(Lower / Early Wiirmian)

Niedereschbacher Zone

Obere Moosbacher Humuszone
Mittlere Moosbacher Humuszone
Untere Moosbacher Humuszone

Rif3 /Wirm

(= Eemian)

1 fossile Bt (Eem-Boden)

Rosnaer Boden

Rif

Jungrifd

Bruchkdéheler (Nass-)Boden B6
Bruchkébeler (Nass-)Boden B5
Bruchkéheler (Nass-)Boden B4
Bruchkdéheler [Nass-)Boden B3
Bruchkébeler (Nass-)Boden B2
Bruchkéheler (Nass-)Boden B1
Ostheimer Zone

Obere Weilbacher Humuszone

?Mittel/Jungrifd 2" fossile Bt

Baltringer Boden

Tundragley 2
Tundragley 1
Mittelrif3 Allschwiler Zone
(Reinheimer Tuff)

Heilbronner (Reinheimer]) Humuszone

?Alt/Mittelrifd

3" fossile Bt (Biesigheim)

‘Taschenboden’ v. Bittelschiefd

Altrif3

Mindel /RifS [= Holsteinian]

4t fossile Bt

Neufraer Boden

Mindel

resolution sequences are available. But even older terms
with stratigraphic content are in use (BRUNNACKER 1953,
1982; FINK 1956). A recent stratigraphical differentiation of
distinct interglacial soils in gravel deposits was carried out
by BiBUs & STRAHL (2000) or BiBus & KOsEL (2001) in the
Rhine glacier area and the Bavarian-Swabian Danube val-

ley.

3 Regional Quaternary stratigraphy of Southern
Bavaria

Table 3 provides a short outline of the current Quaternary
stratigraphy of Southern Bavaria. It is used particularly
at the Geological Survey of the Bavarian Environmental
Agency and largely also at Bavarian universities. Localities
mentioned in the following text are given in Figure 1.

For a long time two different boundaries were applied
in continental environments between the Pliocene and the
Pleistocene:

(i) the internationally defined lower boundary of the
Calabrian at 1.8 mio. yrs at the Vrica-section (AGUIRRE &
PASINT 1985) or

(ii) the boundary which is common in Central and NW
Europe and which is connected to the first cooling phase in
the Lower Rhine area (Praetiglian, ZAGWIJN 1989) near the
magnetic polarity change between Gauss and Matuyama
epoch, currently at 2.58 Ma.

The alternating use of both boundaries in former pub-
lications may cause misunderstandings. For example the
lower parts of the ‘Uhlenberg section’ were classified into
the Pliocene by ELLWANGER et al. (1994) but to Early Pleis-
tocene by DOPPLER & JERZ (1995), whereupon the chrono-
logical ideas do not disagree. Other occurrences assigned
to the Pliocene by former authors (e. g. EBERL 1930) were
soon reclassified into the Quaternary. The reasons are
mostly lithological affinities to other deposits of the Pleis-
tocene and palaeogeographical considerations. A secure
classification based on relative or numerical ages is so far
only sporadically possible.

A division of the Pleistocene into the subseries Lower,
Middle and Upper Pleistocene (= subepochs Early/Middle/
Late) is internationally established. In Bavaria a slightly
different subdivision is used based on the regional climate
stratigraphical classification (Tab. 3).
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Tab. 3: Stratigraphic systems for the
Quaternary of Southern Bavaria
according to the Deutsche Stra-
tigraphische Kommission (2002),
0GG & SMITH (2004), ELLWANGER
et al. (2003). Of the Bavarian cli-
mate stratigraphic terms only the
Wiirmian age/stage is formally
defined by CHALINE & JERZ (1984).
Therefore we will not use the ending
‘ian’ for all our terms consequently;
1 = stratigraphic position unsure.

Tab. 3: Stratigraphische Tabelle des
Quartdrs in Siidbayern.
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3.1 Climate stratigraphy for Southern Bavaria

3.1.1 Biber [‘Biberian’)

First description.

At the INQUA-Congress 1953 in Rome and Pisa SCHAEFER
(1955) presented a second extension of the formerly tet-
raglacial system of PENCK & BRUCKNER (1901/09). He as-
signed the gravel deposits of the ‘Staufenbergschotter’
(chronologically classified as ‘Donau’ by EBERL 1930) and
of the ‘Aindlinger Terrassentreppe’ to a new glacial epoch
named after the creek Biberbach north of Augsburg. By
this, he followed the system of PENCk who labeled the gla-
cial periods of the Quaternary using the names of rivers in
descending alphabetical order from older to younger units.

Current application.
The term ‘Biber’ is currently used for the oldest period
of the Bavarian Pleistocene (‘Oldest Pleistocene’) when
the ‘Altester Deckenschotter’ (‘Oldest Cover Gravel’) and
probably also the ‘Altester Periglazialschotter’ (‘Oldest
Periglacial Gravel’) were accumulated. These include:
(i) gravel deposits like the ‘Staufenbergschotter’ near
Bonstetten (NW of Augsburg),
(ii) the ‘Hochschotter’ and some lower gravel accumula-
tions at the eastern border of the ‘Aindlinger Terrassen-
treppe’ (SW of Neuburg/Donau),
(iii) the wide-spread accumulation of the ‘Staudenplat-
tenschotter’ (SW of Augsburg), which was assigned to
the ‘Donau’ by SCHAEFER 1957,
(iv) the oldest periglacial gravel deposits in the Allgau
and in the area of the river Danube which are probably
of similar age.

The ‘Alteste Deckenschotter’ are assumed to be connect-
ed to a first pronounced cold climatic stage following the
Pliocene. But so far there is no direct evidence. Howev-
er, the resemblance of the ‘Alteste Deckenschotter’ with
younger glaciofluvial sediments argues for an accumula-
tion during a phase of extended alpine glaciers. Also, the
existence of large cobbles (up to ~25 cm) indicates a rela-
tively close glacier front reaching into the foreland area.
The end of the ‘Biber’ coincides with the period of shif-
ting pathways of the ‘proto-lller’ from the area of the
‘Staudenplatte’ to the adjacent region of the ‘Zusamplatte’
in the Northwest. It remains doubtful, if the last episode of
the ‘Biber’ coincides with a warm phase documented in the
‘Bucher Schneckenmergel’ or further flood deposits (see

below).

Type region and occurrence.

The gravel deposits of the ‘Staufenbergterrasse’ and the
‘Staudenplatte’ are suggested as the ‘Biber’ type locality.
Furthermore the remaining ‘Alteste Deckenschotter’ and
the ‘Alteste Periglazialschotter’ including isolated fine-
grained flood deposits like the ‘Bucher Schneckenmergel’
are classified as ‘Biber’ (see also 3.2.2). These sediments oc-
cur as isolated relics on the top of the ’Alteste Periglazial-
schotter’ below the ‘Hohere Altere Deckenschotter’ (level
of the ‘Zusamplatte’, see 3.2.3) and contain interglacial mol-
lusc remains (MUNZING & AKTAs 1986). These sequences
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occur on the Iller-Lech alluvial plain in the western part of
the Alpine Foreland. East of the ‘Aindlinger Terrassentrep-
pe’ no sediments corresponding with Biberian age were
found so far.

Dating and references.

At present no numeric ages for the ‘Biber’-type deposits are
available. Mollusc-bearing reworked clods/lumps of marl in
the ‘Staudenplattenschotter’ and at the top of the ‘Alteste
Periglazialschotter’ enable just a correlation from Tiglian
to Holsteinian after MUNZING & AKTAS (1987). However,
RAHLE (1995) assumes a late Tiglian age for the fauna of
the ‘Uhlenberg’ section which has to be younger than the
Biber type deposits according to terrace stratigraphical re-
lations. Hence the faunae of ‘Biber’-type deposits must be
older than the late Tiglian.

3.1.2 Donau (‘Danubian’)

First description.

The glacial period ‘Donau’, that means a corresponding
complex of three cold phases was introduced by EBERL
(1930) for gravel deposits which are located in a morpho-
logically higher position than the ‘Altere Deckenschotter’
near Memmingen. The latter are classified into the ‘Giinz’
after PENCK & BRUCKNER (1901-1909). EBERL (1930) fol-
lowed the nomenclature of PENCK (river names in alpha-
betical order) but with the Danube (Donau) he used a river
outside his own investigation area, the southern Iller-Lech
alluvial plain. According to EBERL (1930: 390, Tab. II) three
‘Donau’ stages correlate with minima of the Milankovié-
curve between 800 and 650 ka.

Current application.

The extent of the gravel deposits attributed to the ‘Donau’
glacial period has changed significantly since EBERL (1930)
predominantly as a result of the investigations of SCHAEFER
(1955) and LOscHER (1976). Currently the period of depo-
sition of the widespread ‘Zusamplattenschotter’ and its
equivalents in the area of the Riff-Lech alluvial plain or of
the ‘Aindlinger Terrassentreppe’ is described as ‘Donau’. In
the scheme of terrace stratigraphy these accumulations are
called ‘Hohere Altere Deckenschotter’ (Higher Older Cover
Gravel). They have to be discriminated from the locally un-
derlying channel fill gravel of probably periglacial genesis
(‘Altester Periglazialschotter’, Oldest Periglacial Gravel) and
their partly conserved covering strata.

The termination of Donau to the ‘Ginz’, a separating
interglacial, is so far unclear. The ‘Uhlenberg-Schieferkoh-
le’ (compressed peat; Fig. 2) is considered to document a
warm period before the ‘Giinz’, maybe even a Donau/Giinz
interglacial. However, correlation with the ‘Tiefere Altere
Deckenschotter’ (Lower Older Cover Gravel) of ‘Giinz’ age
would be possible too.

The deposits classified as ‘Donau’ are interpreted as
glacial meltwater deposits, although no unambiguous evi-
dence for glaciations into the Alpine foreland during this
period was found so far. Potential moraine-like deposits
in the Denklinger Rothwald northwest of Schongau were
classified variably during their investigation history as
‘Mindel’ (PENCK & BRUCKNER 1901-1909), ‘Giinz’ (EBERL
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Fig. 2: Section of the covering strata of the gravel pit at Uhlenberg north of Dinkelscherben (after DOPPLER & JERZ 1995).

Geological section

Gravel (G)
a) fine (fG)
b) middle (mG)
c) coarse (gG)

sand

silt (U)

clay (T)

humus (h)

peat

Pedological section

Abb. 2: Schichtenprofil der Kiesgrube am Uhlenberg N Dinkelscherben (nach DOPPLER & JERZ 1995).
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1930: 280-281) or ‘younger Donau’ (ROGNER 1979, 88-91).
Other possibly ‘Donau’-aged moraines near Bickenried
at the ‘Hohen tber Kaufbeuren’ are described by ROGNER
(1980). BECKER-HAUMANN (2005) assigns these moraines to
the ‘Giinz’, based on the fact that he inserts another glacial
between Giinz and Mindel, the so-called Haslach.

Type region and occurrence.

The sequence of the “Zusamplattenschotter’ is suggested
as ‘Donau’ type region. This definition excludes locally
preserved underlying ‘Alteste Periglazialschotter’ but
includes overlying flood deposits. The status of the ‘Uh-
lenberg-Schieferkohle’ (Fig. 2) which developed from the
latter is still an open question. Furthermore ‘Hohere Al-
tere Deckenschotter’ on the remaining Rifl-Lech alluvial
plain are classified as ‘Donau’, also including fine grained
flood deposits at some places (see 3.2.3). Further, possi-
bly Donau-aged deposits are found in the Danube area
between Regensburg and Passau. So far a clear correla-
tion with occurrences at the Rif3-Lech alluvial plain is not
possible. Neither loess-derived sections nor moraine-like
sediments (ROGNER 1979) can clearly be assigned to the
‘Donau’ phase.

Dating and references.

So far numeric dating of ‘Donau’-deposits is not possible.
However, a relative classification based on magnetostrati-
graphic and biostratigraphic correlations is available.

(i) Palaeomagnetical investigations on the ‘Zusamplat-
te’ show a change from reversed to normal polarity in the
lower sections of solifluctive loess loam in Roflhaupten
and Lauterbrunn. It is interpreted as Matuyama/Brunhes
boundary, i. e. the gravel deposits of the ‘Zusamplatte’ in-
cluding the lower parts of their covering strata would be
older than 780 ka. Normally oriented layers at the base
of the Roflhaupten and the Uhlenberg section have been
correlated with the Jaramillo event by BRUNNACKER et al.
(1976). Recent results of STRATTNER & ROLF (1995) cannot
confirm this. An age of more than 1 Ma for the gravels of
the “Zusamplatte’ in this regard is still a matter of debate.

(if) The mollusc fauna in the upper parts of the grav-
el deposits of the “Zusamplatte’ and their fluvial covering
strata suggest a Tiglian age (RAHLE 1995).

(iii) Relics of small mammals in the overlying flood de-

posits at Uhlenberg belong to the mammal zone MN17 (up-
per Villanyium) according to ELLWANGER et al. (1994), which
correlates with Tiglian (KONIGSWALD & HEINRICH 2007).
(iv) In contrast palynological analyses of the ‘Uhlenberg-
Schieferkohle’ above the fossil-bearing flood sediments are
considered to be significantly younger. BLubau (1995) sug-
gests a correlation with the Bavelian originally defined in
the Netherlands (ZAGWIJN & DE JoNG, 1985; see Tab. 3)

Accordingly, the ‘Hohere Altere Deckenschotter’ and
at least the lower part of their covering strata correlate
with the younger Tiglian. The upper part of the cover-
ing strata and particularly the warm period represented
by the “‘Uhlenberg-Schieferkohle’ seem to be considerably
younger. As a consequence the ‘Uhlenberg’ section repre-
sents one or several interglacials which may be assigned
to the end of the ‘Donau’ or the beginning of the ‘Giinz’
period.
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3.1.3 Giinz [‘Guenzian’)

First description.

The terms ‘Giinz’, ‘Giinz-glaciation’ or ‘Giinz ice-age’ date
back to PENCK & BRUCKNER (1901-1909: 110). Deposits clas-
sified as ‘Giinz’ by these authors are the ‘obere’ or ‘altere
Deckenschotter’ (upper or older Cover Gravel), e. g. the
Bohener Feld southeast of Memmingen. PENCK assigned
all glacial and fluvial sediments which he considered to be
older than ‘Mindel’ to the ‘Giinz’. Gravel deposits in a more
elevated position (e. g. at the Staufenberg) he explained by
tectonic displacement.

Current application.

Currently ‘Glinz’ is perceived as the episode between
‘Donau’ (including a terminal interglacial) and the ‘Giinz/
Mindel’ warm period. The chronological range of ‘Giinz’ is
specified on the basis of rare gravel deposits in the area of
the Rifl-Lech alluvial plain (‘Tiefere Altere Deckenschotter’
= Lower Older Cover Gravel). In Bavaria, so far no inter-
glacial deposits were found which would allow defining a
boundary between Giinz and Mindel.

Type region and occurrence.

For ‘Giinz’, no well-defined type region is apparent. To
avoid miscorrelation it should be located in the area of the
Rif3-Lech alluvial plain near the type regions of ‘Donau’
and ‘Mindel’.

The Giinz-aged ‘Zeiler Schotter’ west of the Iller is cha-
racterised in detail by SCHREINER & EBEL (1981) and ap-
pears well distinguishable due to position and composition.
For the ‘Heiligenberger Schotter’ near Pfullendorf - con-
sidered to be of the same age — even a connection with till
is verified (BiBus et al. 1996). However, the reversed mag-
netic orientation of younger occurrences (‘Jingere Decken-
schotter’ = Younger Cover Gravel) in the Heiligenberg area
raises some doubt if the meaning of ‘Giinz’ and ‘Mindel’
is the same in Baden-Wiirttemberg and Bavaria. So far no
‘Ginz’ or ‘Mindel’-aged deposits were found in Bavaria
which show a reversed magnetisation.

The so-called ‘Zwischenterrassenschotter’ (Intermediate
Terrace Gravel) in the northwest of the Iller-Lech alluvial
plain (LOSCHER 1976) are interpreted as continuation of the
“Zeiler Schotter’ by DoppLER (2003). But this correlation is
not ensured. Classification is ambiguous also for other oc-
currences in the southern Iller-Lech alluvial plain. They do
not offer good opportunities for a type section neither.
However in Southern Bavaria, apart from the Iller-Lech al-
luvial plain more occurrences of Giinz-aged ‘Deckenschot-
ter’ exist. In contrast to the rest of the Alpine Foreland in
the area of the ‘Miinchner Schotterebene’ deposits classi-
fied as ‘Giinz’ occur in a normal stratigraphical sequence
of gravels underneath sediments classified as ‘Mindel’. A
corresponding section including interstratified palaeosols
is still observable in the ‘Klettergarten Baierbrunn’ (climb-
ing park) south of Munich (JErz 1993: 33).

Gravel deposits assigned to the ‘Giinz’ intercalated with
moraine-like deposits appear in the area of the ‘Hohe Alt-
moréne’ in the northern region of the former Inn glacier
between Haag and Dorfen (KONIG 1979; GRIMM in prep.).
Comparable deposits extend into the area of the former

ES&G / Vol. 80 / No. 2-3 / 2011 / 329-365 / DOI 10.3285/eg.60.2-3.08 / © Authors / Creative Commons Attribution License



Salzach-glacier as gravel, till and basin sediments. The lat-
ter infill deeply incised channels near Trostberg according
to drillhole data (EICHLER & SINN 1974; GRIMM et al. 1979;
DoppLER 2003b). For further occurrences see chapter 3.2.4.

In contrast to the better documented 'Glaziale Serien’
of younger glacials the area of the Iller-Lech alluvial plain
lacks evidence of ‘Giinz-"moraines. Only RoppELT (1988: 17)
describes a very small occurrence southeast of Obergiinz-
burg. Till deposits corresponding with ‘Giinz’-aged gravel
can only be found in the more distant area of the former
Rhine-glacier near Heiligenberg/Pfullendorf (Bisus et al.
1996) or further away in the area of the former Inn and
Salzach glacier (K6NI1G 1979; GRIMM et al. 1979). From Up-
per Austria KoHL (1998: 240, 297, 313) describes ‘Glinz’ mo-
raines and ‘Altere Deckenschotter’ at the southern rim of
the Traun-Enns alluvial plain. However, the correlation of
these occurrences including the Rhine-glacier area is ques-
tionable.

Due to these uncertainties and the absence of well-de-
fined overlying interglacial deposits the definition of a type
region for ‘Giinz’ is currently premature.

Dating and references.

So far in Bavaria neither numeric ages nor biostratigraphi-
cally evaluable localities are available for Giinz-aged de-
posits. Palaecomagnetic analyses revealed reversed magne-
tisation of fine-grained sediments intercalated in moraines

classified as ‘Ginz’ near Pfullendorf in Baden-Wiirttem-
berg (FRomM in BiBus et al. 1996). In contrast the analyses of
loess loam on the Iller-Lech alluvial plain and of basin sedi-
ments connected to ‘Glinz’ moraines in the valleys of rivers
Alz and Traun resulted in normal polarity (STRATTNER &
Rorr 1995). This discrepancies may be due to miscorrela-
tions and/or the fact that ‘Giinz’ expands beyond the Ma-
tuyama/Brunhes-boundary. This seems realistic according
to the classification of the ‘Donau’ and the ‘Uhlenberg-
Interglacial’. A reliable chronostratigraphical classification
and correlation to the MIS-curve is not feasible.

3.1.4 Ginz/Mindel [‘Glinz/Mindelian’)

First description and current application.

PENCK & BRUCKNER (1901-1909: 111) called the warm pe-
riod between the ‘Giinz’ and the ‘Mindel’ glacials ‘Giinz/
Mindel-Interglacial’. In the current Bavarian climate
stratigraphy the term ‘Giinz/Mindel’ is still in use for this
warm phase which so far is solely represented by relics of
soil formation on top of Giinz-aged deposits.

Type region and occurrence.

At present in the Northern Alpine Foreland no locality is
suitable to define the Giinz/Mindel interglacial by a pollen
record. The following sections comprise parts with an as-
sumed ‘Giinz/Mindel” age:
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(i) a fossil soil on meltwater deposits below an eventu-
ally ‘Mindel’-aged till of the Iller-glacier in the ravine of
Hinterschmalholz south of Ottobeuren (Fig. 3; SINN 1972,
ROGNER & LOSCHER 1987, ROGNER et al.1988); in contrast, a
‘Rif} age is assumed for the till and a ‘Mindel/Rif’ age for the
palaeosol by ROPPELT (1988), JERZ & GROTTENTHALER (1995);

(ii) a fossil soil on meltwater deposits below a till of ‘Min-
del’ (or possibly Rif’) age of the Lech glacier in the gravel
pit Rau Téle southwest of Denklingen (ROGNER 1979);

(iii) geological pipes in the lowest sequence of the
‘Deckenschotter’ of the Isar-Loisach glacier in the Kletter-
garten Baierbrunn’ south of Munich (JErz 1993: 33, Fig. 20);

(iv) a fossil soil on proximal meltwater to moraine de-
posits of the Inn glacier below the ‘Jiingerer Deckenschot-
ter’ in the gravel pit Osendorf south of Dorfen (DOPPLER &
JERZ 1995: 44);

(v) a fossil soil probably below the ‘Jiingere Decken-
schotter’ (‘Vorstof3schotter’) of the Salzach glacier in a road
cut near Nock northwest of Altenmarkt (DoPPLER 2003D).

Dating and references.

Due to the lack of datable deposits reliable information on
a chronological position of the warm period at the end of
the ‘Giinz’ is presently missing.

3.1.5 Mindel ['Mindelian’ sensu lato]

First description.

The terms ‘Mindel’, ‘Mindel glaciation’ or ‘Mindel ice-age’
date back to PENCK & BRUCKNER (1901-1909: 110) and de-
scribe a ‘Glaziale Serie’ from ‘Altmoréne’ to ‘Jingere De-
ckenschotter’ south of Memmingen or alternatively at the
valley of the river Mindel. Two levels of ‘Deckenschotter’
had already been discerned by PENCK (1899; see 3.2.4).

Current application.
The application of ‘Mindel’ in Bavaria corresponds largely
with the original description. A period beginning with the
decline of deciduous woodlands (not documented so far) sub-
sequent to the ‘Glinz’ and ending with the re-establishment
of deciduous wood during the ‘Mindel/Rif8’ is considered as
‘Mindel’. However, west of the Iller SCHREINER & EBEL (1981)
verified an additional glacial period between ‘Giinz’ and
‘Mindel’ called ‘Haslach’. The associa-ted ‘Haslachschotter’
(Haslach gravel) was assigned to the ‘Jiingere Deckenschot-
ter’ already by PENCK & BRUCKNER (1901-1909). ‘Haslach’-
equivalent deposits are supposed to exist also in Bavaria
(BECKER-HAUMANN 2005; HABBE et al. 2007) but so far this
classification could not be clearly confirmed. The ‘Haslach’
of the type region is separated from the underlying ‘Giinz’
by a fossil soil and by the superimposed interglacial of Un-
terpfauzenwald from the ‘Mindel’ (sensu stricto = classifi-
cation system of Baden-Wiirttemberg). Deposits of assumed
‘Haslach’ age in Bavaria may have been classified preferably
as ‘Mindel’ so far. Hence the ‘Haslach’ in Bavaria is consid-
ered as an early subunit of ‘Mindel’ (sensu lato = Bavarian
classification system) subdivided by at least one warm pe-
riod (Unterpfauzenwald).

A further climate/chronostratigraphical unit ‘Hof3kirch’
was introduced by ELLWANGER et al. (1995) into the classi-
fication system of Baden-Wiirttemberg. It denotes the pe-
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riod of the lowermost Pleistocene basin deposits as shown
by a drillhole at the basin of Hof3kirch, south to southwest
of Saulgau. This new unit is documented palynologically as
‘pre-Holsteinian’. At the same time ‘Hof3kirch’ is assumed
to be younger than ‘Mindel’ because ‘Mindel-aged ‘Jiingere
Deckenschotter’ are situated in a higher position around the
basin of Hof3kirch. For ‘Hof3kirch’ too, the occurrence of cor-
responding deposits is not yet verified in Bavaria and thus
an integration in the climate stratigraphical classification of
Bavaria would be premature. Deeply incised gravel deposits
that are situated below the ‘Altere Hochterrasse’ (see 3.2.6)
may be assigned to a ‘Hof3kirch’ stage in the future.

Type region and occurrence.

The valley of the eponymous river Mindel lends itself as a
type region for ‘Mindel’, almost literally in line with the
descriptions of PENCK & BRUCKNER (1901-1909: 54). The
moraines of the Holzheuer Hohe and the ‘Oberegg-Saulen-
grainer Schotterzug’ (string of gravel) demonstrate a clas-
sical ‘Glaziale Serie’ at the headwaters of the river Mindel.
The gravel deposits merge with melt water channels of the
same age near Mindelheim and continue as ‘Kirchheim-
Burgauer Schotter’ along the Mindel-valley until reach-
ing the Danube (JErz et al. 1975; LOSCHER 1976; BECKER-
HAUMANN 2005: 218). The stratigraphical interpretation of
the covering strata of the ‘Kirchheim-Burgauer Schotter’
in the brickyard-pit Offingen near the mouth of the river
Mindel is still a matter of debate (cf. ROGNER et al. 1988,
Bisus 1995). However, the assignment of the underlying
‘Jingerer Deckenschotter’ to the ‘Mindel’ is without con-
troversy. Near Kirchdorf east of Mindelheim the ‘Mind-
el’-aged Nagelfluh is overlain by ‘Rif-glacial’ till. The two
units are separated by a fossil interglacial soil (DOPPLER
1993, ROGNER 1993).

In search of a type region the area of the Rottal (Baden-
Wirttemberg) has to be considered too. This particular
area includes the type locality for the ‘Haslach’ glacial
and the ‘Haslachschotter, the ‘Unterpfauzenwald intergla-
cial’ as well as the ‘Tannheimer Schotter’ (‘Mindel’ sensu
stricto). Conditions are described in detail by SCHREINER &
EBEL (1981).

Depending on the stratigraphical interpretation of the
uppermost till cover (‘Mindel” after ROGNER et al. 1988: 70,
or ‘Rif}’ after RoppeLT 1988: 98) different parts of the sec-
tion at the ravine of Hinterschmalholz near Obergiinzburg
may represent ‘Mindel’ (see 3.1.4).

‘Mindel’-aged gravel deposits, in particular the ‘Jingere
Deckenschotter’ (see 3.2.5), are widespread in the rest of
the Bavarian Alpine Foreland with exception of the Terti-
ary hills of Lower Bavaria. Furthermore, some of the most
distal segments of the ‘Altmoréne’ from the former Iller
glacier (disputed), partly from the Isar-Loisach glacier and
from the Inn- and Salzach-glacier area are classified as
‘Mindel’. The deeply incised Alpine valleys and glacier ba-
sins in the foreland contain isolated remnants of basin or
moraine deposits which are regarded older than ‘Rif* and
are thus possibly of ‘Mindel’ age (JERz 1979; FRANK 1979).
In the humid Alpine Foreland loess loam and other cover-
ing strata assigned to ‘Mindel’ are often masked by ‘Pseu-
dogley’ sequences (stagnic cambisols or luvisols) which are
hardly to differentiate (BRUNNACKER 1982; BIBUS 1995).
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Dating and references.

‘Mindel’ sensu lato probably has to be divided in two gla-
cial phases, ‘Haslach’ and ‘Mindel’ sensu stricto. A relia-
ble correlation with the MIS-curve for the whole extent is
presently not possible. Probably only the upper termina-
tion can be linked to MIS 11 (or MIS 9?) by a correlation of
‘Mindel/Rify” and ‘Holsteinian’. This is in contrast to OSL-
datings of sand layers in the ‘Jingere Deckenschotter’ of
the Mindel-valley near Offingen and Burgau which yielded
ages of 260 + 24 ka to 277 + 24 ka (KLASEN 2008). However,
the results of the applied method were considered as un-
reliable by the author herself. TL-dating in ROGNER et al.
(1988) for a loess-like sediment sampled between overly-
ing till deposits (not definitely classified as ‘Mindel’) and
weathered loam in the ravine of Hinterschmalholz resulted
in ages between 207 + 27 ka and 278 + 36 ka. A similar age
of 278 + 29 ka is obtained from the underlying flood depo-
sit. Methodologically these ages have to be taken as mini-
mum ages. The first surface-burial dating-approach applied
to the ‘Gronenbacher Schotter’ (HAUSELMANN et al. 2007)
yielded an age of 0.68 + 0.23/-0.24 Ma. This singular and
first time age certainly needs affirmation by further dating
analyses.

Single magnetostratigraphical investigations provided
inconsistent results and implicate a miscorrelation be-
tween gravel beds east and west of the Iller, both classified
as ‘Mindel’ (or ‘Haslach-Mindel’). In the ‘Jingere Decken-
schotter’ at the vicinity of Pfullendorf in the Rhine-glacier
area a reversed polarity was yielded (pers. commun. D.

ES&G / Vol. 80 / No. 2-3 / 2011 / 329-365 / DOI 10.3285/eg.60.2-3.08 / © Authors / Creative Commons Attribution License

ELLWANGER). On the other hand sand layers in the ‘Jiingere
Deckenschotter’ in the Salzach-glacier area showed a nor-
mal polarity (STRATTNER & ROLF 1995; DOPPLER & JERZ
1995). According to these explanations the classification of
‘Mindel’ and correlations of suspected ‘Mindel’-aged de-
posits may be considered as highly uncertain.

3.1.6 Mindel/Rif (‘Mindel/Rissian’)

First description and current application.

The warm period between ‘Mindel’ and ‘Rif8’ is described as
‘Mindel/Rif}’ interglacial by PENCK & BRUCKNER (1901-1909:
111). ‘Mindel/Rif¥’ is mainly represented by very thick weath-
ered soils compared to the Rifs/Wiirm’ interglacial. There-
fore PENCK & BRUCKNER (1901-1909) called the ‘Mindel/Rif3’
phase ‘Grofes Interglazial’ (major interglacial). The authors
assumed a relatively long duration for this period. The cur-
rent conception about the course and termination of the Rify’
has changed the chronological but not the stratigraphical po-
sition of this warm period. It is assumed to correspond with
the ‘Holsteinian’ of the Northern European classification.
Likewise the Holsteinian ‘Mindel/Rif}’ encompasses a period
of deciduous forests characterised by the presence of wing
nut and beech (Pterocarya, Fagus).

Type region and occurrence.

So far in the Northern Alpine Foreland occurrences of
interglacial deposits between ‘Mindel’ and ‘Rif3’ are found
only very sporadically, for example at the site of the drill-
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hole ‘Samerberg 2’ at the Bavarian Inn-glacier area (see
Fig. 4; JERz 1983; GRUGER 1983), in the gravel pit ‘Bittel-
schieff” at the Upper Swabian Rhine-glacier area (BLubau
in ELLWANGER et al. 1999), and at the drillhole site “Thal-
gut’ in the Swiss canton Bern (WELTEN 1988; SCHLUCHTER
1989). Neither underlying nor superimposed glacial depo-
sits are dated so far and according to their basin position
the interglacial deposits do not correspond with terrace
systems. The classification of these sediments as Mindel/
Rif} therefore depends exclusively on palynological analo-
gies with the ‘Holsteinian’ in the area of the Nordic glacia-
tion. Although the pollen record of Samerberg shows an
incomplete succession its overall picture fits well into the
generally known sequence. Hence the Samerberg is cur-
rently regarded as ‘Mindel/Rif} type section for the German
Alpine Foreland.

Another peat layer situated between a deeply incised
gravel accumulation and overlying gravel deposits of the
‘obere Hochterrasse’ southeast of Regensburg, the so-
called ‘Hartinger Schichten’ (Harting layers) is described
by SCHELLMANN (1990). However, palynological investiga-
tions by GROSSE-BECKMANN (1993) gave no clear evidence
for the (chrono)stratigraphical classification of the peat.
Possibly the Hartinger Schichten even extend below depo-
sits of the ‘Jiingere Deckenschotter’. Thus, a correlation
with ‘Giinz/Mindel” has to be given consideration too.

Other occurrences of ‘Mindel/Rif8” in the Bavarian Alpine
Foreland are restricted to palaeosols developed on ‘Mindel’-
aged deposits. Loamy weathered gravel deposits have to be
mentioned here, the ‘Neufraer Boden’ south of Riedlingen
(BiBus & KOsEL 2001) or a palaeosol temporarily accessible
at the construction site of the highway A96 east of Mindel-
heim (DoPPLER 1993, ROGNER 1993). Mindel/Riff-aged soils
often reach into the conglomerate host rocks by metres-
long pipes. In other places parts of the lower layers of loess
loam sections have to be assigned to ‘Mindel’. In general
these interglacial soils have transformed to ‘Pseudogley’
(stagnic cambisols or luvisols; DOPPLER & JERZ 1995).

Dating and references.

The correlation of the ‘Mindel/Rif3’ interglacial of Samer-
berg and the ‘Holsteinian’ is based on the results of paly-
nological investigations (GRUGER 1983). The ‘Holsteinian’
in turn predominantly is thought to correspond with MIS
11 (approx. 420-360 ka). However, recently also a linkage
to MIS 9 is suggested (e. g. GEYH & MULLER 2005). Numeric
age determinations for the ‘Mindel/Rif}’ interglacial are not
available so far.

3.1.7 Rif3 ['Rissian’)

First description.

The terms ‘Riss’ or Riss glacial are attributed to PENCK &
BRUCKNER (1901-1909: 110, 398). Penck applied it for the
‘Glaziale Serie’ from ‘Altmorine’ to ‘Hochterrassenschot-
ter’, which he observed along the Rif} valley near Bibe-
rach. However, the connection between moraine ridges
and melt-water terrace they assumed was later refuted (see
3.2.6). PENCK & BRUCKNER (1901-1909: 31, Fig. 3, 4) were
aware of different levels of the ‘Hochterrasse’ but never-
theless considered the ‘Rif3” as an undivided glacial unit.
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Current application.

In accordance with the official spelling of the small epony-
mous river in Upper Swabia the climate stratigraphical
unit most commonly is spelled ‘Rif}’, only sometimes ‘Riss’.
The whole period between the decline of woodland after
the ‘Mindel/Rif} Interglacial’ (‘Holsteinian 1’ at Samerberg
according to GRUGER 1983; ‘Pterocarya interglacial’ after
DRESCHER-SCHNEIDER 2001) and the beginning re-estab-
lishment of forests during the ‘Rifl/Wiirm-interglacial’ is
considered as ‘Rify’. Meanwhile there is widespread evi-
dence for a subdivision of the ‘Rif’ into different ice ad-
vances, as it is for the Saalian. ‘Holsteinian 2’ at Samerberg
according to GRUGER (1983) for instance correlates with the
Wacken/Démnitz interglacial, part of the Saalian ‘complex’
(L1TT et al. 2007). However, a classification accepted by ev-
eryone and applicable to all ‘Rify’-deposits is still lacking.

The subdivision of the ‘Riff” is documented most explicit-
ly at the type region selected by Penck — the Rif} valley — as
well as in other areas of the former Upper Swabian Rhine
glacier (SCHREINER 1989; BiBus & ELLWANGER 1995, MIARA
1996, BiBus & KOskL 2001). A threefold subdivision into ‘Al-
teres’ (‘Older Rif}’; also ‘Altrif}’, “Zungenrif}’), ‘Mittleres’
(‘Middle Rif8’; also ‘Mittelrifl’, ‘Hauptrifl’, ‘Doppelwallrif3’)
and ‘Jungeres Rif}’” (‘Younger Rif}’; also ‘Jungrif3’) is assumed.
The ‘Obere Hochterrasse’ (morphologically higher; for in-
stance 21 m above the valley bottom of the river Rif) origi-
nates from the ‘Doppelwall’ (double ridge) and the Untere
Hochterrasse’ (morphologically lower; 13 m above the val-
ley bottom of the river Rif§) from a terminal moraine, which
should be situated backward but is not clearly identifiable.
‘Alteres Rif}’ is represented by till and gravel deposits be-
low embankments of the ‘Doppelwallri}” and possibly also
by advanced moraine-ridges (SCHREINER 1989). According
to BiBus & KOsEL (2001) it appears likely that all the three
cold phases of the Rify’ are separated by different palae-
osols which indicate interglacial conditions (Tab. 2).

In Bavaria subdivisions of the ‘Rif}* are obvious too.
They are documented by different moraine stages partly
attributed to glacier oscillations or by different levels of
the ‘Hochterrasse’. However, these subdivisions are not
formalised on a supraregional scale. Particularly in the
Salzach-glacier area the subdivisions of the ‘Rif3’-aged mo-
raines (GRIMM et al. 1979) seem comparable to those of the
Rhine glacier. The ‘Hochterrasse’ in the Bavarian Alpine
Foreland shows two terrace levels and an internal subdivi-
sion of the ‘Obere Hochterrasse’ (see 3.2.6).

Type region and occurrence.

The well-investigated Rif} valley is regarded to be the type
region, complemented by additional Upper Swabian sites
(SCHREINER 1989 to BiBUs & KOseL 2001). Rif3’ is repre-
sented at many places in the Bavarian Alpine Foreland
by tills and underlying gravel deposits of the ice-advance
(‘VorstoB8schotter’), while glaciofluvial terraces accompany
most of the river valleys (cf. 3.2). Basin sediments and aeo-
lian deposits on surfaces older than Riff’ are to be men-
tioned too.

Dating and references.
‘Rif}* is positioned between the ‘Mindel/Rif}’ interglacial
(= Holsteinian of Samerberg) and the ‘Rifl/Wiirm’ intergla-
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cial (= Eemian). The latter is clearly identified at some loca-
tions in the Bavarian Alpine Foreland. ‘Riff’ probably corre-
lates with the multi-phased Northern German ‘Saalian’ and
thus encompasses the MIS 10 to MIS 6. So far no numeric
dates of the intra-'Riff” warm phases are available because
they are represented only by soil remnants. Tentatively they
correlate with MIS 9 and MIS7.

At present only luminescence methods are available for
numeric dating of deposits classified as ‘Rify’. The few sam-
ples dated so far yielded ages of about 280 to 110 ka (FIEBIG
& PREUSSER 2003; KLASEN 2008). The beginning and the ter-
mination of the Rif’ is defined by the delimiting intergla-
cials, which provide improved dating opportunities. Their
correlation with MIS 11 and MIS 5e results in a time span
between 360 and 128 ka for ‘Rif3".

3.1.8 Rif3/Wiirm [‘Riss/Wuermian’)

First description and current application.
PENCK & BRUCKNER (1901-1909: 111) use the term ‘Rif3/
Wirm’ interglacial for the warm period between the ‘Rify’
and the “‘Wiirm’ glacials. They found it documented as a
phase of incision into the older terrace deposits and in form
of palaeosols. Besides this traditional perspective, the ‘Rif3/
Wiirm® warm period can be classified biostratigraphically
and by numeric ages nowadays. The ‘Rifl/Wirm’ inter-
glacial encompasses the forested phase between ‘Riff’ and
‘Wirm’. Its climax stadium is characterised by increased
portions of yew (Taxus). FRENZEL (1978) assumed two dif-
ferent interglacials responsible for palynologically differ-
ent types of ‘Rifl/Wirm’ interglacial occurrences in the
Alpine Foreland (‘type Zeifen’ and ‘type Pfefferbichl’). Ac-
cording to DRESCHER-SCHNEIDER (2000a) the difference is
probably based on diverse forest communities depending
on the altitudinal zone. So actually a “Tieflandtyp’ (lowland
type) and a ‘Alpiner Typ’ (alpine type) may be discerned.
The correlation with the Eemian in the area of the Nor-
dic glaciation is assured and this term is commonly used
for the area of the Alpine glaciation too. However, the term
‘Rif3/Wiirm’ is prefered here because it fits into the Alpine
classification system and allows for possible variations due
to different environments in both regions.

Type region and occurrence.

Due to its completeness and its diversification the most
suitable type location of the Rifl/Wirm’ interglacial is
the profile of the lake sediments at Samerberg (JERz 1979;
GRUGER 1979). The Mondsee section at the Salzkammergut/
Austria (DRESCHER-SCHNEIDER 2009b) is regarded as com-
parably complete and even shows the succeeding develop-
ment of the ‘Early Wiirm’.

Further well-investigated but less complete sequences of
‘Rifl/Wiirm’ deposits occur as lake marls or ‘Schieferkoh-
le’ (compressed peat) at the following sites: Zeifen east of
Lake Waging (JuNG et al. 1972), Eurach south of Seeshaupt
at the Starnberger See (former “Wiirmsee’), Grofiweil east
of Murnau, Herrnhausen south of Wolfratshausen, and
Pfefferbichl near Buching (all mentioned in BAYERISCHES
GEOLOGISCHES LANDESAMT 1979, 1983). Another exam-
ple of ‘Rifl/Wiirm’-aged deposits is the calcareous sinter
(‘Kalktuff’) at the river Lech near Kolonie Hurlach north
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of Kaufering, which contains an interglacial mollusc fauna
(Kovanpa 1989).

The Rifl/Wirm’ is also widespread in form of palaeo-
sols, sometimes even called ‘Eemboden’ (Eemian soil).
These palaeosols (e. g. ‘Rosnaer Boden’ after BiBus & KOsEL
2001) occur on gravel deposits and moraines of the ‘Rif3’
phase. The Rif/Wiirm soil is often the only well discernable
interglacial soil in loess loam sections of the humid Alpine
Foreland. Older palaeosols are difficult to distinguish be-
cause in most cases they are amalgamated to thick packets
of Pseudogley (Stagnic Cambisol or Luvisol).

Dating and references.

The ‘Riff/Wiirm’ correlates palynologically and according to
numeric ages with the Eemian of the Nordic classification
system and therefore with MIS 5e. Palynological analyses
on peats (in part called ‘Schieferkohle’) are mentioned above
and in Table 1. It should be noted that also an interstadial
origin has to be taken in account for some of the peat lay-
ers of the Alpine Foreland. Peat and the calcareous sinter of
Hurlach are dated by the U/Th-method (JErRz 1993: 82; JERZ
& MANGELSDORF 1989; DOPPLER 2003b). The results point to
a period of formation between approximate 125 and 100 ka.
So, in part the deposits are younger than the assumed dura-
tion of the ‘Rifl/Wiirm’-interglacial and their formation may
have continued to the earliest parts of the ‘Wiirm’.

3.1.9 Wiirm ["Wuermian’)

First description.

The terms ‘Wiirm’, ‘Wiirm glaciation’ or ‘Wiirm ice age’
were introduced by PENCK & BRUCKNER (1901-1909: 110).
Penck uses it for the ‘Glaziale Serie’ of the last glaciation
that can be traced from the younger moraines of the Iller-
glacier into the ‘Memminger Tal’. In order to continue with
his concept of naming glaciations in an alphabetical order
he selected the Wiirm, a small river west of Munich which
crosses the younger moraine ridges of the Lake Wiirm lobe
(part of the Isar-Loisach glacier) and the adjacent Wiirm-
aged alluvial plain of the ‘Miinchner Schotterebene’. Like
the other glacials PENCk & BRUCKNER (1901-1909) consid-
ered the ‘Wiirm’ glacial as single-phase event. Thus their
"Glaziale Serie’ primarily encompasses only the compara-
tively short pleniglacial period.

Current application.

Currently the whole period between the decline of wood-
lands after the ‘Rifl/Wiirm’Interglacial and their re-instal-
lation in the Holocene is considered as “Wiirm’. Since the
first definition by PENCK & BRUCKNER (1901-1909) different
ideas emerged concerning the development and subdivi-
sion of the ‘Wiirm’. This paper cannot refer to all of these
conceptions.

Since 1983 the “‘Wiirm’ is subdivided formally into ‘Un-
teres’ (Lower), ‘Mittleres’ (Middle) and ‘Oberes (Upper)
Wiirm’ (CHALINE & JErRz 1984). The ‘Lower Wiirm’ starts
with the decline of woodlands after the ‘Riff/Wiirm’-inter-
glacial (pollen zone 13 in the Fluderbach section at Samer-
berg). It lasts until the end of the second interstadial of
the ‘Lower Wirm’ (pollen zone 25 of core Samerberg 1;
GRUGER 1979). The succeeding decline of trees (pollen zone
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26) initiates the ‘Middle Wiirm’ whose end is defined as
the lithological change of pelitic pond sediments to overly-
ing gravel at the locality Baumkirchen at the Tirolean Inn
valley. The gravel was deposited in front of the advancing
Inn glacier (‘Vorstofschotter’). The ‘Upper Wiirm’ ranges
to the Pleistocene/Holocene boundary as formally defined
at a Greenland ice core (WALKER et al. 2009).

In Bavaria, due to a lack of palynological data for most
of the ‘Wiirm’ aged deposits, a pragmatic classification is
applied. Instead of palynological features the last glacial
advance into the Alpine Foreland is used as criterion for
the division into ‘Frihwirm’ (Early Wiirm), ‘Hochwiirm’
(Wiirm Pleniglacial) and ‘Spatwiirm’ (Late Wiirm). ‘Frith-
wirm’ encompasses the whole period between the Rif3/
Wiirm’ and the glacial advance of the ‘Hochwiirm’. The
term ‘Frithwiirm’ elsewhere — e. g. in Switzerland — howev-
er is used synonymic for ‘Unteres Wiirm’ (‘Lower Wiirm’).
The lower boundary of the ‘Upper Wiirm’ is conform to
the ‘Hochwiirm’. However, concerning the gravel accumu-
lations in front and below the advancing glaciers a clear
separation of ‘Early Wiirm’ and ‘pleniglacial’ parts is most-
ly impossible like in the area of the former Loisach-glacier
(DREESBACH 1986). According to the Bavarian classification
all sediments of the ‘Wiirm’ deposited after the ice retreat
from the ‘Innere Jungendmoréne’ (= internal terminal mo-
raines of the Pleniglacial) are assigned to the Late Wiirm’
(CHALINE & JERZ 1984: 191). This corresponds only roughly
with other definitions for the lower boundary of the ‘Late
Wirm’:

(i) by the retreat from younger ice margins like the ‘Am-
merseestadium’ of the former Loisach glacier or

(if) by palynological criteria. According to palynology
glaciers had already retreated into the alpine valleys at the
beginning of the ‘Late glacial’ (cf. FELDMANN 1994: 234).

Type region and occurrence.

At the conference of the Subcommission of European Qua-
ternary Stratigraphy (SEQS) in 1983 a type region of the
‘Wiirm’ was constituted in the area of the former Inn gla-
cier including the localities Baumkirchen and Samerberg
and the former Isar-Loisach glacier with its terminal mo-
raine ridges around the Starnberger See or ‘Wirmsee’
(CHALINE & JErz 1984). The ‘Lower’, ‘Middle’ and “Upper
Wiirm’ are defined at the locations mentioned above.

The three units ‘Frithwiirm’ (Early Wuerm), ‘Hochwiirm’
(Pleniglacial) and ‘Spatwiirm’ (Late Wuerm), especially the
boundary between the latter units however are not defined
at certain localities. Because of varying response times of
glaciers to climate changes there may be minor differences
concerning the chronology of different glacier lobes.

In the Bavarian Alps and the Bavarian Alpine Foreland
deposits of the ‘Wiirm’ glacial are widespread and encom-
pass different glacial remnants like glacio-lacustrine depo-
sits in the deeply eroded alpine valleys and foreland ba-
sins and moraines of different characteristics. In the valleys
melt-water deposits like ‘Niederterrassen’ and ‘Spatglazial-
terrassen” but also ‘Ubergangsterrassen’ (see 3.2.8, 3.2.9,
3.2.7) are classified to “‘Wiirm’. Additional periglacial de-
posits of autochthonous valleys and other periglacial sedi-
ments have to be kept in mind, especially aeolian deposits
like loess loam and loess to sand drift.
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Dating and references.

The correlation of the ‘Wiirm’ with MIS 5d to 2 is beyond
dispute and documented by numeric ages and palynologi-
cal correlations. For the two older interstadials at Samer-
berg GRUGER (1979) finds a correlation with the Brerup
(MIS 5c) or the Odderade (MIS 5a) from the Nordic classi-
fication. With exception of an ambiguous third interstadial
at Samerberg the sequence of MIS 4 to 3 is not yet resolved
very well, even not in Baumkirchen.

However, plant remains derived from the varved clays at
Baumkirchen were dated by radiocarbon. They document
ice-free conditions in the Inn-valley until at least 25 ka BP.
27 ka BP is the youngest uncorrected radiocarbon age from
the clay pit Baumkirchen, still several tens of metres be-
low the front of proximal glacio-fluvial gravels (FLIRI 1983,
PATZELT & RESCH 1986). The retreat from the ‘Innere Jung-
endmoréne’ and thus the beginning of the late glacial is
not clearly defined. The Inn valley near Innsbruck was ice-
free at around 14 ka BP, in accordance with first organic
sedimentation in the Lanser See (BORTENSCHLAGER 1984).
In the basin of the Murnauer Moos ice-free conditions are
suggested from around 16 ka BP (SCHNEIDER 2006: 289).
Thus the climatic conditions probably ameliorated clearly
before 16 ka BP and brought about the ice retreat from the
‘Innere Jungendmoréane’.

For a current classification of the Upper Pleistocene in
Switzerland, based on luminescence and cosmogenic nu-
clide dating, see PREUSSER (2004) and Ivy-OcHs (2004).

3.1.10 Holocene

Superordinate chronostratigraphical units like Pleistocene
and Holocene are defined internationally (WALKER et al.
2008). The comment on the chronostratigraphical series
Holocene thus may be restricted to regional aspects.

Current application.

So far a subdivision of the Holocene into subseries or sta-
ges (e. g. BORTENSCHLAGER 1982) is not formalised interna-
tionally. The sub-division of the Holocene used in Bavaria
refers to the pollen record of Central Europe (FIRBAS 1949,
1952). ‘Preboreal’ and ‘Boreal’ (pre-warming period and
early warming period) are summarised as Early Holocene
and ‘Atlantikum’ and ‘Subboreal’ (warming period and late
warming period) as Middle Holocene. The Late Holocene
correlates with the ‘Subatlantikum’ (post-warming period).
Instead of the formal term ‘Holocene’ for the youngest still
persisting episode in earth’s history the name ‘Postglazial’
(Post Glacial) is often used in Bavaria, especially to name
Holocene river terraces (‘Postglazialterrassen’; see 3.2.10).
The subdivision into early, middle and late Postglacial cor-
relates with the classification into Early, Middle and Late
Holocene, but there are no exact boundaries.

The Holocene encompasses the period of human settlement
when men influenced significantly the ecosystem. Pollen
grains e. g. of common hop/hemp (humulus/cannabis) in the
Ammersee document the beginning of horticulture during
the Boreal (KLEINMANN 1995). At the river valleys human in-
fluence is traceable by wide-spread floodplain deposits (‘Au-
enablagerungen’). Those fine-grained flood deposits are pri-
marily attributed to outwash events in consequence of for-
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Fig. 5: Schemes of terrace-flights of the Northern Alpine Foreland in Bavaria and partly Wiirttemberg (without scale).
ADbD. 5: Schematische Darstellung der Terrassentreppen des bayerischen (und wiirttembergischen) Alpenvorlands (ohne Mafstab).

Fig. 5a: Proximal region (around Iller-Lech alluvial plain).
Abb. 5a: Proximaler Bereich (etwa Gebiet der Iller-Lech-Platte).
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est clearing for the expanding agriculture since the Bronze
Age (late Subboreal). Floodplain deposits — which are largely
but not solely restricted to the Late Holocene — often display
the only chronological subdivision of Holocene presented on
geological maps apart from artificial accumulations. The ear-
ly and the middle Postglacial are not clearly to distinguish
without dating. River corrections and regulations primarily
during the last 200 years brought an end to the natural dy-
namic of most of Bavaria’s watercourses.

Occurrences.

In Bavaria Holocene deposits occur mainly as river sedi-
ments along most of the active watercourses. In addition
Holocene lake deposits, peat bogs, calcareous sinter or re-
deposited material like aeolian drift sands, outwash-sedi-
ments and accumulations from mass movements can be
discerned.

The geomorphodynamics during warm periods like the
Holocene differ significantly from processes of the cold phas-
es. Warm phases are characterised by a widely closed vegeta-
tion canopy, an active body of groundwater, and a resulting
tempered run-off regime. Meandering rivers are document-
ed by widespread terrace-sequences. At the lower reaches
of the alpine rivers and in the Danube-valley terraces show
only marginal differences in altitude (‘Reihenterrassen’ after
ScHIRMER 1983). Sedimentological analyses combined with
datings argue for a river dynamic which varied consider-
ably during the Holocene. As the associated changes appear
almost synchronously in all river systems of the Northern
Alpine Foreland terrace development seems to be triggered
by climatic changes.

Dating and references.

The Holocene encompasses the last 11.5 ka which is a com-
paratively short period with respect to the geological time
scale. For classification or numeric age dating of Holocene
deposits various methods exist depending on the material,
like palynology, radiocarbon dating, luminescence dating,
stable isotopes, dendro-chronology and archaeological and
historic techniques. Thus, a high-resolution anatomy of
this period is possible.

3.2 Terrace stratigraphy for Southern Bavaria

General information.

In Bavaria the terrace stratigraphy (classification by means
of different terrace levels) applies the concept introduced
by PENck (1882) and PENCK & BRUCKNER (1901-1909). In
later years the terrace stratigraphical system was extended
by JErz et al. (1975) and SCHELLMANN (1990) as is demon-
strated in Table 4. Younger terrace deposits at the valleys
are distinguished from older ‘Deckenschotter’ (approxi-
mately ‘cover gravel’) generally capturing the ridges be-
tween the valleys. However, in contrast to the original in-
tention of the denomination it is not evident that ‘Hoch-’
and ‘Niederterrassen’ are restricted to valleys and ‘Alteste’
to ‘Jungere Deckenschotter’ mainly occur as sheet-like de-
posits (see Fig. 5). The widespread ‘Niederterrasse’ of the
alluvial plain of Munich (‘Miinchner Schotterebene’) and
the ‘Jingere Deckenschotter’ of the Mindel-valley, which is
delimited like a terrace, may be cited as examples (PENCK
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1899). The terms ‘Hochterrasse’ to ‘Postglazialterrasse’ are
describing (geo)morphological forms after all. But at the
same time they often are used for the associated sedimen-
tary units (SCHELLMANN 1990).

The terrace deposits of the Bavarian Alpine Foreland
are predominantly composed of gravel with an Alpine
provenance. Depending on the catchment area there are
considerable variations especially concerning the ratio
between carbonate and crystalline rocks. Gravel depos-
its of the same age may show a totally different compo-
sition. If the catchment of a glacier extends well into the
Central Alps the amount of crystalline rocks generally
increases towards the younger deposits. The absence of
easily weathering dolomite and an enrichment of compo-
nents resistant against weathering and transport are used
for identification of periglacial gravels (‘Liegendfazies’ cf.
LOSCHER 1976; ‘Molassekristallinfazies’ cf. DOPPLER 2003a).
Fresh glacio-fluvial gravel deposits (‘Hangendfazies’ re-
spectively ‘Alpine Karbonatfazies’) usually show nearly
complete spectra of carbonaceous Alpine rocks, including
dolomite. The river Danube along its course incorporates
rocks of the Black Forest, the Alb region, and the eastern
Bavarian crystalline basement. This enables an identifica-
tion of former stream courses (‘Urdonau’ = proto-Danube
cf. SCHEUENPFLUG 1971; ‘Weifijurafazies’ cf. LOSCHER 1976).

Recent synopses of the gravel occurrences in the
Bavarian Alpine Foreland including a detailed documenta-
tion of literature are provided by DoPPLER (2003), ROGNER
(2004), BECKER-HAUMANN (2005) and SCHELLMANN (2010).
Some of the expansive interpretations of BECKER-Hau-
MANN (2005) are not adopted here (e. g. concerning the
origin of the ‘Weiljuraschotter’, the diversification of the
‘Staudenplattenschotter’ or of the ‘Grénenbacher Feld’).

3.2.1 Altester Deckenschotter [‘Oldest Cover Gravel’)

First description.

For the first time the term Altester Deckenschotter is ap-
plied probably by JERz et al. (1975) as an extension of Penck’s
‘Deckenschotter’ classification. The term denotes Pleistocene
gravel deposits situated in the highest morphological posi-
tions of the Iller-Lech alluvial plain. However, JERz assigns
these accumulations partly to the ‘Donau’ glacial.

Current application.

The term is currently used by the Geological Survey in Ba-
varia for gravel deposits which correlate with terrace levels
from the Staufenbergschotter down to the Staudenplatten-
schotter and are considered to be of ‘Biber’ age. This is in
accordance with the reclassification of large parts of ‘Altere
Deckenschotter’ of the Iller-Mindel alluvial plain into the
‘Donau’ glacial by LOscHER (1976). According to their alti-
tude levels occurrences of the ‘Alteste Deckenschotter’ are
described as ‘Hochschotter’, ‘Oberer Deckschotter’ and ‘Mit-
tlerer Deckschotter’ by GrRauL (1949) and students as well as
by SCHAEFER (1953). In contrast to DOPPLER & JERZ (1995) the
‘Hochschotter’ is summarised here too. Notwithstanding, in
Baden-Wiirttemberg the term is applied at the same time for
‘Deckenschotter’ of Donau age in the level of the “Zusam-
platte’ (e. g. Erlenmooser and Erolzheimer Schotter).
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Type region and occurrence.
The gravel deposits of the ‘Staufenberg-Terrassentreppe’
and the ‘Staudenplatte’ are suggested as type region for
the ‘Alteste Deckenschotter’. This unit has to be subdivid-
ed in probably at least three terrace-levels of different age:
‘Hochste Alteste Deckenschotter’ (= ‘Hochschotter’; High-
est Oldest Cover Gravel), ‘Hohere Alteste Deckenschotter’
(= ‘Obere Deckschotter’; Higher Oldest Cover Gravel) and
‘Tiefere Alteste Deckenschotter’ (= ‘Mittlere Deckschotter’;
Lower Oldest Cover Gravel). Each of them needs an appro-
priate type locality.
The localities ‘Hochfirst’ on the Iller-Lech alluvial plain,
‘Arlesrieder Schotter’, ‘Staudenplatte’, ‘Staufenberg-Ter-
rassentreppe’ and the ‘Aindlinger Terrassentreppe’ (flight
of terraces) are counted among the occurrences of the ‘Al-
teste Deckenschotter’ in Bavaria. They all are attributed to
the proto-Iller which extended in south-western to north-
eastern direction to the present lower-end of the river Lech.
East of the mentioned occurrences on the Iller-Lech al-
luvial plain gravel accumulations indicating definitely an
appropriate old age are so far not identified. Just along
the former stream course of the Danube small elevated
gravel deposits are described. A diversification from resid-
ual gravel deposits (‘Restschotter’) of the Miocene Upper
Freshwater Molasse or possible Pliocene accumulations
sometimes is difficult here because of complete weathering
(e. g. TILLMANNS 1977; HILGART 1995).

Termination and lithology.
The ‘Altester Deckenschotter’ displays the occurrence of
glacio-fluvial gravel deposits most elevated in the Northern
Alpine Foreland. Older gravel deposits are of Miocene (Up-
per Freshwater Molasse) or Pliocene origin. Their pebble
composition is dominated by Quartz and thus they are to
distinguish from fresh carbonaceous ‘Altester Deckenschot-
ter’. The unit following the ‘Alteste Deckenschotter’ is the
‘Hohere Altere Deckenschotter’ (Zusamplattenschotter and
equivalents). Surface and base of this accumulations are sit-
uated more than 10 m lower than ‘Alteste Deckenschotter’.
The ‘Alteste Deckenschotter’ is mostly decalcified and in
general shows a completely weathered and partly loamy/
silty residual gravel deposit. It is only rarely preserved as
conglomerate. For the larger part the deposits are strongly
dissected and affected by erosional processes. Mentionable
covering strata of aeolian origin are just located at better
preserved areas (e. g. near Markt Wald). But no section
with a stratification according to the old age of these de-
posits has already been found.

Classification and correlation.

So far no direct numeric or relative datings of the ‘Altes-
te Deckenschotter’ are available. Only clods of marl in
the ‘Staudenplattenschotter’ near Fischach and Walkerts-
hofen (EBERL 1930: 309; SCHRODER & DEHM 1951) provid-
ed mollusc faunas which are comparable to the ‘Bucher
Schneckenmergel’ (see 3.1.1). Based on its faunal composi-
tion a Tiglian age is probable for the ‘Staudenplattenschot-
ter’. Regarding the relationship with the ‘Zusamplatten-
schotter’ (see 3.2.3) the ‘Staudenplattenschotter’ may be
assigned to an older part of Tiglian.
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3.2.2 Altester Periglazialschotter [‘Oldest Periglacial
Gravel’)

First description and current application.

The term ‘Altester Periglazialschotter’ is used by DOPPLER
(2003) as collective name for gravel deposits which occur
locally below the ‘Hohere Altere Deckenschotter’. The so-
called ‘Ottobeurer Schotter’ (EBERL 1930), the ‘Liegend-
fazies’ (SINN 1972; LOSCHER 1976), and the ‘Urdonauschot-
ter’ (gravel of the proto-Danube; SCHEUENPFLUG 1971,
VILLINGER 2003) are considered as parts of this unit. The
‘Alteste Periglazialschotter’ are assumed to be deposited as
channel fills aside of glacial runoff.

Type region and occurrence.

So far ‘Alteste Periglazialschotter’ are verified only in the
western part of the Bavarian Alpine Foreland. The ‘Otto-
beurer Schotter’ and the ‘Liegend-’ or ‘Molassekristallin-
Fazies’ are to be found at the south-western Iller-Lech al-
luvial plain and the ‘Zusamplatte’, the ‘Urdonauschotter’ in
the northern part of this area.

At present no permanent outcrops of the ‘Ottobeurer
Schotter’ are available. Hence, we have to refer to the de-
scriptions of EBERL (1930: 312), SINN (1972) and ROGNER &
LoscHER (1993). The ‘Liegendfazies’ or ‘Molassekristallin-
fazies’ in the Iller-Mindel alluvial plain may still be inves-
tigated in the vast clay pit near Altenstadt/Untereichen.
From here these deposits are described on top of sandy Mo-
lasse sediments by LOSCHER (1976: 49). Another outcrop is
the gravel pit west of Wettenhausen where superimposed
glacio-fluvial ‘Hoherer Alterer Deckenschotter’ could not
be identified but may be masked by weathering.

The well-described gravel pit at the Kirchberg in Woérle-
schwang may serve as type locality of the ‘Urdonauschot-
ter’ (LOSCHER 1976: 14; BECKER-HAUMANN 2003: 158). The
specific facies of the proto-Danube is exposed here tempo-
rarily in new gravel pits.

Termination and lithology.

The ‘Altester Periglazialschotter’ mostly appears incised in
sediments of the Upper Freshwater Molasse. The channel
fill deposits are covered by ‘Hohere Altere Deckenschot-
ter’ in a facies dominated by Alpine carbonates. At some
outcrops clods of marl are found at the base of this su-
perimposed accumulation. Near Buch in-situ fine-grained
flood deposits containing interglacial molluscs occurred in
a comparable position (SCHRODER & DEHM 1951).

Due to a different pebble composition the ‘Alteste Pe-
riglazialschotter’ can be distinguished from the covering
‘Hohere Altere Deckenschotter’. The ‘Ottobeurer Schot-
ter’ and the ‘Liegendfazies’ are characterised by a higher
amount of central-alpine crystalline components. They are
regarded as deposits of periglacial streams with a catchment
area in the conglomerate sequences of the Miocene alluvial
fan of the Adelegg (SINN 1972; ‘Molassekristallinfazies® cf.
DoppLER 2003a). The ‘Urdonauschotter’ in contrast is pri-
marily composed of pebbles derived from the Alb (Malm
limestone) and sporadically also from the Black Forest (e. g.
red granite; VILLINGER 2003).
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Classification and correlation.

Only the molluscs of the covering fluvial sediments, which
are mostly preserved just as redeposited clods, enable a cor-
relation with the Tiglian of north-western Europe (RAHLE
1995; MUNZING & AKTAS 1984). Thus they give evidence for
the minimum age of the underlying ‘Alteste Periglazial-
schotter’. Generally just a relative classification older than
the ‘Donau’-aged covering ‘Hoéhere Altere Deckenschot-
ter’ is possible. Hence, a correlation with the ‘Biber’-aged
‘Alteste Deckenschotter’ is feasible but not documented
definitely. Apparently the ‘Alteste Periglazialschotter’
were deposited west of the ‘Alteste Deckenschotter’ of the
proto-Iller and form the infill of a deeper incised discharge
system.

3.2.3 Hoherer Alterer Deckenschotter [‘Higher Older
Cover Gravel’)

First description and current application.

The term ‘Hoherer Alterer Deckenschotter’ is used for the
first time by DoPPLER & JERZ (1995) describing the equiva-
lents of the ‘Zusamplattenschotter’. It is intended to dis-
tinguish an older part of the ‘Alterer Deckenschotter’ that
occurs at a higher level in the type region near Mem-
mingen from a younger part at a lower level. The first —
called ‘Hoherer Alterer Deckenschotter’ — is classified as
‘Donau’-aged. The latter — called “Tieferer Alterer Decken-
schotter” — is assumed to be of ‘Giinz’ age (see 3.2.4). PENCK
& BRUCKNER (1901-1909) and in many cases also EBERL
(1930) assumed a ‘Giinz’ age for the total of all ‘Altere De-
ckenschotter’. PENCK & BRUCKNER (1901-1909) interpreted
the higher position of some occurrences of their ‘Altere
Deckenschotter’ as a result of tectonic movements. EBERL
(1930) disproved this view and introduced the new ‘Donau’
glacial to explain these circumstances (cf. 3.1.2).

In Baden-Wiirttemberg deposits correlating with
‘Zusamplattenschotter’ are called ‘Alteste Deckenschotter’
like ‘Biber’-aged gravels in Bavaria. GRAUL (1949) and his
students (SINN 1972, LOSCHER 1976) use the term ‘Unterer
Deckschotter’ for corresponding deposits and assign them
later on to ‘Donau’.

Type region and occurrence.

The Zusamplatte — without the north-western extensions
of the ‘Druisheimer’ and the ‘Wortelstettener Schotter’ - is
suggested as type region for the ‘Hohere Altere Decken-
schotter’. It should be made clear that the locally under-
lying ‘Liegendfazies’ respectively ‘Molassekristallinfazies’
(see 3.2.2) has to be separated from the ‘Hoherer Alterer
Deckenschotter’. The gravel pits Altenstadt/Untereichen
and Kirchberg at Woérleschwang may be regarded as type
localities of the ‘Hohere Altere Deckenschotter’ revealing
especially its lower boundary to the underlying ‘Alteste
Periglazialschotter’.

More occurrences of the ‘Héherer Alterer Deckenschotter’
in the Rif}-Lech alluvial plain can be traced from the region
of Memmingen along the Zusamplattenschotter to the ‘Un-
tere Deckschotter’ of the Aindlinger Terrassentreppe. All this
gravel deposits originate from the proto-Iller (SINN 1972).
The isolated occurrence of the Stoffersberg near Landsberg/
Lech may represent an affluent originating from the Lech
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area. In the eastern Bavarian Alpine Foreland further ac-
cumulations of ‘Héhere Altere Deckenschotter’ occur along
the former river course of the Danube (recent mapping of
SCHELLMANN) or along periglacial affluents (e. g. valley of
the Paar, DOPPLER et al. 2002). They all show an elevated po-
sition above gravel deposits assumed to ‘Giinz’. Comparable
evidence in the south-eastern Bavarian Alpine Foreland is
still missing. Some gravel deposits on a higher level than
‘Altere Deckenschotter’ but of assumed Pleistocene origin
are described from the northern rim of the Hausruck and
Kobernauflerwald (Upper Austria) in the foreland of the
former Salzach glacier (e. g. ‘Eichwaldschotter’; EBERs et al.
1966).

Termination and lithology.

‘Hohere Altere Deckenschotter’ often are embedded more
than 20 m deeper than the lowest ‘Alteste Deckenschotter’
(‘Zusamplattenschotter’ versus ‘Staudenplattenschotter’) and
about 10 m higher than the bottom of the oldest accumula-
tions attributed to the ‘Tiefere Altere Deckenschotter’.

The discovery of an interglacial mollusc fauna in the
upper segment of the “Zusamplattenschotter’ near Lauter-
brunn (RAHLE 1995) implies that this widespread accumu-
lation is probably composed of different sedimentary se-
quences of cold and warm phases of the ‘Donau’ age. How-
ever, no terrace flight is observable. That contradicts the
view of SCHAEFER (1980) discerning an extensive number
of terraces at the Zusamplatte. Moreover, it must be kept in
mind that ‘Alteste Periglazialschotter’ and their covering
fine-grained flood deposits (see 3.2.2) may occur not only
below the ‘Hohere Altere Deckenschotter’ but locally may
reach to the surface.

Primarily in the southern areas where its remnants show
a thickness of more than 5 m the ‘Hoherer Alterer Decken-
schotter’ is predominantly unweathered but in part contains
brittle dolomite pebbles. A consolidation to Nagelfluh is
possible and deep weathering cones may occur (e. g. ‘Geo-
logische Orgeln’ at Bossarts south-west of Ottobeuren). The
gravel distribution is less reduced by erosion than for ‘Alteste
Deckenschotter’. On widely preserved plateaus often cover-
ing strata of aeolian origin (loess loam) reach a thickness of
more than 10 m. They are usually subdivided by surface-
water gleyic palaeosols (‘Pseudogley’). Below the last-inter-
glacial soil these palaeosols are mostly amalgamated and do
not approve a clear stratification.

Classification and correlation.

Biostratigraphical and magnetostratigraphical methods
mostly can be applied in the covering strata (see 3.1.2; e. g.
Uhlenberg) and result in minimum ages for the gravel de-
posits. Fauna is very rare, especially within the gravel depos-
its. The molluscs of Lauterbrunn are comparable with fauna
collections from ‘Alteste Deckenschotter’ and other places of
‘Hoherer Alterer Deckenschotter’ of the Iller-Lech alluvial
plain. According to RAHLE (1995) all these faunae correlate
with the Tiglian.

HAUSELMANN et al. (2007) presented a first numeric age
for the ‘Hohere Altere Deckenschotter’ of the ‘Bohener Feld’
by cosmogenic nuclides (burial age dating). This method is
in an early stage so that the resulting age of 2.35 +1.08/-0.88
Ma has to be considered with caution. ‘Giinz’ age was origi-
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nally supposed by PENCK & BRUCKNER (1901-1909) for the
‘Bohener Feld” and adopted by HAUSELMANN et al. (2007).
But since LOSCHER (1976) these conglomerates (‘Nagelfluh’)
sampled at Wolfertschwenden are mostly assumed to be of
‘Donau’ age.

3.2.4 Tieferer Alterer Deckenschotter [‘Lower Older
Cover Gravel’)

First description and current application.

Investigations by PENck (1899) at the Falkensporn (south
of Memmingen) led to a disjunction of the ‘Deckenschot-
ter’ in two autonomous accumulations separated chrono-
logically into ‘altere’ and ‘jiingere’ respectively ‘obere’ and
‘untere Deckenschotter’. The ‘Altere Deckenschotter’ he
assigned to the fourth to last glacial called ‘Giinz’. EBERL
(1930), ScHAEFER (1957), and LOSCHER (1976) carried out
more detailed subdivisions of the ‘Altere Deckenschotter’.
Only small parts of the formerly wide-spread gravel de-
posits remained to be of ‘Giinz’ age. For these parts the
term ‘Tieferer Alterer Deckenschotter’ was introduced by
DopPPLER & JERZ (1995) in order to characterise the terrace
morphological position between the ‘Donau’-aged ‘Hohere
Altere Deckenschotter’ and the ‘Mindel’-aged ‘Jiingere
Deckenschotter’. In the reverse conclusion ‘Giinz’ is de-
fined by the “Tieferer Alterer Deckenschotter’. This is not
satisfying but at that time without alternative.

Type region and occurrence.

Corresponding deposits are scarce on the southern Iller-
Lech alluvial plain. Here for a trusted integration to the
stratigraphic system a type location should be found for
the ‘Tiefere Altere Deckenschotter’. Not until the north-
western parts of the Iller-Lech alluvial plain they appear
as ‘Zwischenterrassenschotter’ (LOSCHER 1976). But their
classification into the ‘Giinz’ by DoppLER (2003a) as a con-
tinuation of the ‘Zeiler Schotter’ (SCHREINER & EBEL 1981)
is controversial. LOSCHER (1976) assigned the ’Zwischenter-
rassenschotter to the ‘Donau’.

On the southern Iller-Lech alluvial plain the ‘Tiefere
Altere Deckenschotter’ is represented by some resticted
occurrences of gravel deposits (ROGNER 2004). Howev-
er, their classification is not always undisputable. For in-
stance recent mapping did not yield a difference of the
‘Zadels-Stefansrieder Schotter’ of assumed ‘Giinz’ age and
the ‘Donau’-aged ‘Bohener Schotter’ (pers. commun. B.
LeMPE). One of the reasons for the limited distribution of
‘Tiefere Altere Deckenschotter’ may be the reorientation
in the main discharge direction of the glacial runoff of the
former Rhine and Iller glacier. The flew direction moved
from northeast during ‘Biber’ and ‘Donau’ near to north
during the ‘Giinz’.

More outcrops of the ‘Tieferer Alterer Deckenschotter’
exist in the rest of the Alpine Foreland. They occur in the
area of the ‘Miinchner Schotterebene’ in a normal-strati-
graphical succession below ‘Mindel’-aged ‘Jiingerer De-
ckenschotter’ (e. g. ‘Klettergarten Baierbrunn’, JErz 1993).
According to their position they mostly are exposed just
along deeply incised valleys like that of the Isar. In the fore-
land of the former Inn glacier they build up the ‘Ratten-
kirchener Schotterfeld’ (KONIG 1979: 47). In the Bavarian
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part of the former Salzach-glacier foreland an occurrence
at the Eschelberg west of Burghausen is to be mentioned
(ErcHLER & SINN 1974). At the Hechenberg more close to
Burghausen and around Altenmarkt at the river Alz gravel
deposits probably were accumulated during the advance
of the 'Giinz’-aged glacier (DoPPLER 1980: 152-159). It is
not possible to correlate these basin internal occurrences
directly with terrace stratigraphical units of the foreland.
Also along the former river course of the Danube as well
as in autochthonous tributaries like the valley of the Paar
corresponding levels of gravel-bearing terraces are verified
(SCHELLMANN 1990; DOPPLER et al. 2002).

The ‘Fagotienschotter’ (named after the gastropod Fago-
tia acicularis) west of Moosburg between the valleys of
Isar and Amper was deposited during a warm period as
demonstrated by the included molluscs. The gravel depos-
its are situated on the level of the ‘Hochterrasse’ of the
Isar but biostratigraphically they should be older than the
Northern German ‘Elsterian’ according to KovANDA (2006).
They may represent a warm phase during the deposition
of the ‘Tiefere Altere Deckenschotter’ or an interglacial
gravel deposit of the ‘Giinz/Mindel” which so far was not
regarded in the Bavarian Alpine Foreland.

Termination and lithology.

Compared to older deposits the base of the ‘Tiefere Altere
Deckenschotter’ on the Iller-Lech alluvial plain generally
is more clearly incised. The base of the ‘Hohere Altere De-
ckenschotter’ on the northern Iller-Lech alluvial plain is
still located about 10 m higher. The base of the ‘Jingere
Deckenschotter’ is situated considerably about 20 m lower
in the area of Ulm.

In contrast to the ‘Hoherer Alterer Deckenschotter’
the ‘Tieferer Alterer Deckenschotter’ is not underlain by
channel fills rich in crystalline Molasse pebbles. Generally,
the ‘Tiefere Altere Deckenschotter’ are characterised by a
composition dominated by carbonate pebbles. Crystalline
pebbles are hardly to find. In contrast to this in the area of
the “Zwischenterrassenschotter’ in the northern Rifi-Lech
alluvial plain the deposits are typified by relic pebbles and
the absence of carbonate material. It is not finally assured
if this results form reworking of older weathered gravels
(LOscHER 1976) or in-situ weathering (DOPPLER 2003b).
The periglacial gravel deposits of the Paar valley (DOPPLER
et al. 2002), but also the glacio-fluvial gravel deposits of the
Eschelberg west of Burghausen (GrimM et al. 1979) show
completely aberrant spectra dominated by Quartz which is
a result of reworking Molasse gravel.

Like all of the ‘Deckenschotter’ the ‘Tiefere Altere De-
ckenschotter’ show calcitic conglomerations throughout
the whole accumulations and not only near the valley rims.
At some places the conglomerates (‘Nagelfluh’) are inter-
spersed with partly very broad and deep weathering struc-
tures similar to the narrower geologic pipes of the ‘Jiingere
Deckenschotter’ (‘Geologische Orgeln’; e. g. ‘Klettergarten
Baierbrunn’).

Classification and correlations.

So far the ‘Tieferer Alterer Deckenschotter’ is not dated
by numeric or biostratigraphical methods. So, only the
relative stratigraphical position can be determined based
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on the terrace sequences and covering strata (e. g. BiBus
1995). A magnetostratigraphical analysis of fine-grained
sediments in related moraine deposits (BiBus et al. 1996)
or in loess loam strata was tried (STRATTNER & ROLF 1995;
DoppPLER & JERZ 1995). The results are ambiguous. Reversed
polarity is yielded for the moraine deposits and a normal
polarity for loess strata of assumed similar age. Thus, these
results are not sufficient to support extensive correlations
to sequences outside the distributional area.

3.2.5 Jingerer Deckenschotter [“Younger Cover Gravel’)

First description and current application.

In the fundamental chapters and profiles of PENck &
BRUCKNER (1901-1909: 31, 48) the term ‘Jiingerer Decken-
schotter’ or ‘Unterer Deckenschotter’ is applied for the
Gronenbacher Feld near Memmingen. However ‘Decken-
schotter’ are sub-divided already by Penck (1899). Ad-
ditionally PENCK & BRUCKNER (1901-1909: 110) refer to
equivalent terrace deposits along the Mindel valley and at
the Rothwaldfeld northwest of Schongau.

So far in Bavaria the term ‘Jiingerer Deckenschotter’
is used to indicate gravel deposits of the ‘Mindel’ gla-
cial. Compared to PENCK & BRUCKNER (1901-1909) only
minor changes have been made by discerning accumula-
tions of ‘Jingere Deckenschotter’ with different age. An
older gravel accumulation assigned as ‘Haslachschotter’ in
the Upper Swabian Rot valley is separated from a young-
er (‘Tannheimer Schotter’ = ‘Mindel’ sensu stricto). The
‘Haslachschotter’ is eponymous to the Haslach glaciation
(SCHREINER & EBEL 1981; see 3.1.5).

Type regions and occurrences.

The type region for the ‘Jiingere Deckenschotter’ preferably
has to be located in the Iller-Lech alluvial plain. PENCK &
BRUCKNER (1901-1909: 28, 31, Fig. 3, 4) describe the Gronen-
bacher Feld as a typical occurrence of the ‘Jiingere Decken-
schotter’. An interglacial subdivision of this accumulation
was recently suggested by BECKER-HAUMANN (2005: 229)
but is not widely accepted. Other references concern the
valley of the river Mindel (‘Kirchheim-Burgauer Schotter’)
where glacial runoff is documented from the ‘Altmoréne’
(older moraines) of the Holzheuer Hohe north of Obergiinz-
burg down to the Danube (PENCK & BRUCKNER 1901-1909:
54, 110). The area of Upper Swabia will be of special im-
portance for definition because of the clear subdivision
of the ‘Jiingere Deckenschotter’ into two terrace deposits,
the ‘Haslachschotter’ and the ‘Tannheimer Schotter’. The
two accumulations are separated by the soil remnants of
a warm phase. On the other hand at the ‘Klettergarten
Baierbrunn’ (climbing park) the ‘Jiingere Deckenschotter’
is embedded between gravel deposits of ‘Giinz’ and ‘Rif}’
age in a normal stratigraphical succession separated by rel-
ics of interglacial soils. However, a decision on formal type
localities is not yet made.

‘Tungerer Deckenschotter’ also frequently occurs in the
Alpine Foreland apart from the areas already mentioned. A
part of the ‘Hochterrasse’ in the Giinz valley must be reck-
oned to the ‘Jingere Deckenschotter’ based on the higher
position of the gravel base and the habitus of the cover-
ing strata (unpubl. borehole data; DopPPLER 1985; ROGNER
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et al. 1988; BiBus 1995). Further occurrences are found in
the Rothwaldfeld northwest of Schongau between Wert-
ach and Lech, in the northern Inn glacier foreland, and in
the Dungau along the Danube southeast of Regensburg.
Conglomerates crossing over in tills of assumed ‘Mindel’
age are known from most of the glacier lobes of Southern
Bavaria and often are attributed to the ‘Jingere Decken-
schotter’. Corresponding occurrences of gravel deposits of
the ice-advance (‘Vorstoischotter’) are widespread for in-
stance at the Bavarian western flank of the Salzach glacier.

Morphologically many of the ‘Jingere Deckenschotter’
can be coupled with parts of the ‘Altmorédne’ (older mo-
raines) forming a’Gaziale Serie’.

Termination and lithology.
Outside the moraine area the base of the ‘Jingerer De-
ckenschotter’ is situated at about 10 m below the base of
the ‘Tieferer Alterer Deckenschotter’ and more than 10 m
above the base of the ‘Rify’-aged ‘Hochterrasse’.
Lithologically the ‘Mindel’-aged ’Jiingerer Deckenschot-
ter’ generally is typified by a huge amount of carbonate
pebbles of Alpine origin. However, it shows already an in-
creasing content of crystalline components in the Rhine
and Inn glacier area derived from their catchment area
within the Central Alps. In contrast the Salzach glacier and
the Isar-Loisach glacier, connected by transfluent path-
ways with the Central Alps too, show a significant increase
of crystalline components at first during the ‘Rif}’ glacial.
The ‘Jiingerer Deckenschotter’ is mostly conglomerated
and shows intensive weathering structures at its surface. In
some places ‘Geologische Orgeln’ (geologic pipes) could be
found penetrating up to 10 m into the gravel deposits. These
features often form spectacular narrow funnels (e. g. former
quarry of Oberschroffen southeast of Altétting; see www.
Ifu.bayern.de/geologie/fachinformationen/geotope_schoen-
sten/oberbayern/82). Partly these pipes are decapitated by
erosion and contain either the original filling of weathered
loamy gravel or the former residue has already flown out
and the pipes are completely empty.

Classification and correlations.

According to the terrace stratigraphy the ‘Jiingere Decken-
schotter’ have a relative position between the higher ele-
vated ‘Tiefere Altere Deckenschotter’ the lower situated
‘Hochterrasse’. ‘Jingerer Deckenschotter’ can be distin-
guished from ‘Hochterrasse’ sometimes by a lower content
of crystalline pebbles, a higher degree of conglomeration, a
more intensive weathering or the development of at least
one more palaeosol in the covering strata. So far no fossils
suitable for a biostratigraphical interpretation have been
found. The few available magneto-stratigraphical data are
inconsistent. Reversed polarity in the Rhine-glacier area
near Heiligenberg close to Pfullendorf (pers. commun. D.
ELLWANGER) contradicts the normal polarity in the Salzach-
glacier area near Trostberg (STRATTNER ¢& ROLF 1995;
DOPPLER & JERZ 1995).

Numeric datings were attempted by using cosmogenic
nuclides or luminescence. A first burial-age for the ‘Jinge-
rer Deckenschotter’ of Bad Gronenbach by HAUSELMANN et
al. (2007: 41) is given with 0.68 +0.23/-0.24 Ma. But as an out-
put of a single measurement using a very new method this
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age seems not yet reliable. New IRSL-datings by KraseEn
(2008) are still inconsistent and will be currently reviewed.

3.2.6 Hochterrasse (‘Higher Terrace’)

First description.

In the valleys of the Alpine Foreland already PENCK (1882:
254, 290) differentiated between a lastglacial ‘unterer Gla-
zialschotter’ (lower glacial gravel deposit) without a loess
cover and a higher elevated ‘oberer Glazialschotter’ (upper
glacial gravel deposit) that generally is covered by loess.
PENCK (1882) used the term ‘Hochterrasse’ for the latter of
both terrace levels and assigned its deposits later to the ‘Gla-
ziale Serie’ of the ‘Rif}” (PENCK & BRUCKNER 1901-1909: 110).
However, PENCK supposed a nonexisting linkage between
an older moraine stage (‘Doppelwall’ = double ridge) and
a younger terrace (‘Untere Hochterrasse’ or 13 m-terrace’).
PENCK & BRUCKNER (1901-1909) knew about different levels
of ‘Hochterrasse’ — plains near Memmingen and in the Rif§
valley but did not apply a more detailed subdivision of these
terraces.

Current application.

Recently a probably threefold subdivision of the ‘Rif3’ sepa-
rated by warm phases is assumed (MIS 10 to MIS 6; see
3.1.7). As a consequence variations of the covering strata
and the degree of weathering on the different terrace lev-
els led to a partly re-evaluation of diverse stages of the
‘Hochterrasse’ and their gravel deposits (BiBus & KOsEL
1987, MI1ARA 1996). In several valleys a lower (younger) and
an upper (older) ‘Hochterrasse’ can be distinguished mor-
phologically. In the Danube valley near Straubing three
‘Hochterrasse’ levels are described by SCHELLMANN et al.
(2010: 121). An even more extensive classification is carried
out by BiBus & STRaHL (2000) in the valley of the Dan-
ube near Hochstadt. They assign an ‘Oberste (topmost)
Hochterrasse’ to the fifth last cold period. By the means
of the stratigraphic classification applied in this paper this
would be ‘Mindel’ and hence this highly elevated accumu-
lation will be regarded as ‘Jiingerer Deckenschotter’. The
gravel deposits of the less elevated ‘Obere Hochterrasse’
locally are separated in two superimposed accumulations.
This subdivision was found near Hochstadt too (LEGER
1988; BiBUs & STRAHL 2000) and also in the Lech valley
(TILLMANNS et al. 1982; AKTAS & FRECHEN 1991; BECKER-
HAUMANN & FRECHEN 1997). The two gravel accumula-
tions in some places are separated by clods of marl at the
base of the upper accumulation for once also a single pe-
litic layer in the intersection of both accumulations. These
marls partly provide molluscs indicative for an interglacial
interruption of the gravel deposition. At the valley of the
Danube between Regensburg and Straubing the ‘Obere
Hochterrasse’ but perhaps even the ‘Jingerer Decken-
schotter’ are underlain partly by gravel-bearing channel
fills. At Regensburg-Harting this accumulation is covered
by an interglacial peat (see 3.1.6; Hartinger Schichten after
SCHELLMANN 1990).

Type regions and occurrences.

Extensive investigations on gravel deposits, weathering
and covering strata of the ‘Hochterrasse’ (MIARA 1996,
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BiBus & KOsEL 1997) and the linkage to the type region of
the ‘Riff” argue to assign the gravel pits in the valley of the
Rify near Baltringen in Wiirttemberg as type locality for
‘Obere’ and ‘Untere Hochterrasse’. The subdivision of the
gravel deposits of the ‘Obere Hochterrasse’ in two sepa-
rated accumulations is well-described from the gravel pit
north of Miinster on the ‘Rainer Hochterrasse’ (TILLMANNS
et al. 1982). In a quarry west of Hochstadt on the ‘Dillinger
Hochterrasse’ reworked clods of marl but also in-situ sand
and silt lenses could be observed. They at least in part in-
clude warm-temperate molluscs (LEGER 1988: 329; Fig. 71;
BiBus & STRAHL 2000). And even one of the currently ac-
cessible gravel pits near Bobingen may serve as type sec-
tion after further investigations.

‘Hochterrassen’ are widespread also in the remaining
Bavarian Alpine Foreland along the river valleys but also
in already abandoned valleys. The following occurrences
should be noted because of their differentiation or recent
investigation:

(i) ‘Hochterrassen’ in the further stream course of the
Danube between Neuburg and the Weltenburger Enge
(Weltenburg gap; FIEBIG & PREUSSER 2003) and between
Regensburg and Vilshofen (KROEMER 2007; SCHELLMANN
2010) which are separated into different levels. However,
the classification of the lowest loess-covered terrace as
‘Ubergangsterrasse’ (Transitional terrace) of ‘Early Wiirm’
age has to be taken into account here.

(ii) The different levels of the ‘Hochterrasse’ in the
Salzach-glacier area (GRiMM et al. 1979; DOPPLER 2003b)
with a significant lower ‘Hochterrasse’.

The special characteristics of the ‘Miinchner Schotter-
ebene’ providing a normal stratigraphic gravel succession
may be attributed to a neotectonic subsidence southwest of
the ‘Landshut-Neudéttinger Abbruch’ (Landshut-Neudtting
fault). However, a similar superposition by younger gravel
deposits near the front of the connected moraines occurs
in other places too, for instance in the Salzach-glacier area
(see below). The usual terrace flight successions occur not
until the so-called ‘terrace-crossings’ downstream.

The ‘Fagotienschotter’ west of Moosburg situated be-
tween the valleys of Isar and Amper was assigned mor-
phologically to the ‘Hochterrasse’. But due to its mollusc
content it seems to be significantly older (KovaNDA 2006;
see 3.2.4).

Termination and lithology.

The superposition of gravels of the ‘Hochterrasse’ by those
of the ‘Niederterrasse’ or of the ‘Jingerer Deckenschot-
ter’ by gravels of the ‘Hochterrasse’ and the separation
of the accumulations by remnants of fossil soils are very
common in the ‘Miinchner Schotterebene’ (fluvial plain of
Munich). Similar conditions frequently occur in the area
of the former Salzach glacier, for instance at the eastern
riverside of the Salzach at Burghausen (STARNBERGER et al.
2008), south of Palling (EBERS et al. 1966) or near Haselreit/
Kienberg. At all of these sites ‘Riff-aged ‘Hochterrasse’
gravels are overlain by ‘Wiirm’-aged ‘Niederterrasse’ grav-
els and separated by palaeosol relics. On the other hand
downstream the Alz near the village Mankham/Tacherting
geological pipes in the Jingerer Deckenschotter’ are cut by
‘Hochterrasse’ deposits (EBERS et al. 1966; DOPPLER 2003b).
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Apart from these conditions the base of the gravel deposits
of the ‘Hochterrasse’ may be situated up to 10 m lower in
comparison to the ‘Jingere Deckenschotter’. Even down-
stream in the valley of the Danube the terrace surfaces are
situated at least a few meters higher than the ‘Niederter-
rasse’ or ‘Ubergangsterrasse’. However, as a result of ex-
treme downcutting locally the base of the gravel deposits
of the ‘Hochterrasse’ may occur below the base of younger
accumulations.

The gravel deposits of the ‘Hochterrasse’ derived from
melt water pathways connected with central Alpine gla-
ciers (Rhine, Isar-Loisach, Inn-Chiemsee and Salzach gla-
cier) often show a significantly higher amount of crystal-
line pebbles compared to the ‘Jingerer Deckenschotter’. A
similar significant difference to the pebble content of the
‘Niederterrasse’ does not exist. Conglomeration is discon-
tinuous but wide-spread and may be very intensive and
enduring in marginal valley outcrops. In contrast to the
Tungerer Deckschotter’ the ‘Hochterrasse’ deposits mostly
show weathering cones smaller than 2 m instead of geolog-
ical pipes. However, significantly deeper weathering pipes
were recently described from the Hawanger Feld south-
west of Memmingen (LEMPE 2008).

Classification and correlations.

Except of the cases of superposition the gravel deposits of
the ‘Hochterrasse’ according to the terrace stratigraphy are
situated between the higher positioned ‘Jiingere Decken-
schotter’ and the lower positioned ‘Niederterrasse’ (resp.
‘Ubergangsterrasse’). Differences in the extent of soil de-
velopment and the amount of palaeosols in the covering
strata are used by BiBus (1995), MiaRA (1996), and Bisus &
STRAHL (2000) to differentiate at least three accumulations
of the ‘Hochterrasse’.

There is a lack of finding places and even of appropriate
fossil taxa for an accurate biostratigraphical classification.
An exception may be the observed clods of marl and rarely
occurring lenses of marl at the base of the younger accu-
mulation of the upper ‘Hochterrasse’. These marls contain
partly interglacial and partly cold-phase molluscs (LEGER
1988: 329; TILLMANNS et al. 1992; RAHLE 1994). However,
the material is mostly reworked and displaced and there-
fore provides only a limiting age for the embedding gravel
deposits. RAHLE (1994) assigns the interglacial fauna found
in the clods of marl at Bobingen south of Augsburg and at
Miinster south of Rain older than Eemian.

Luminescence methods are available for numeric dat-
ings. Sand layers intercalating with gravels which were
classified as ‘Hochterrasse’ so far and covering strata were
sampled. FIEBIG & PREUSSER (2003) and KLASEN (2008)
yielded minimum ages of about 280 ka up to 60 ka. Thus
parts of the accumulations of the ‘Rainer’, the ‘Neuburger’
and the ‘Ingolstddter Hochterrasse’ seem to reach to the
‘Early Wiirm’ and therefore would have to be considered
as ‘Ubergangsterrassen’. But the results of different lumi-
nescence methods are not always consistent (KLASEN 2008).
As a consequence the Early Wiirm luminescence ages could
not yet be evaluated generally for the classification of the
lower stage of the ‘Hochterrasse’ as ‘Ubergangsterrasse’
(Transitional terrace).
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3.2.7 Ubergangsterrasse [‘Transitional Terrace’)

First description.

The term ‘Ubergangsterrasse’ leads back to SCHELLMANN
(1990) and was introduced for a loess-covered terrace with
a level between the typical ‘Hochterrasse’ and ‘Niederter-
rasse’ in the valleys of the lower Isar and the adjacent Dan-
ube. It is not yet proved how far the loess-covered Nieder-
terrasse’ (BRUNNACKER 1953a) and the ‘Tiefere’ or ‘Jiingere
Hochterrasse’ (MiARA 1996; DopPLER 2003b) have to be
considered as ‘Ubergangsterrasse’.

Current application.

The term ‘Ubergangsterrasse’ is currently used by the Geo-
logical Survey of Bavaria for terraces which are assigned to
the ‘Early Wiirm’ (‘Frithwiirm’) due to their terrace mor-
phological position, their weathering status, the develop-
ment of their covering strata, as well as recent lumines-
cence datings. SCHELLMANN (2010: 11) divides the ‘Uber-
gangsterrasse’ in two parts. However, definition and ap-
plication of this comparatively new terrace stratigraphical
unit has to be elaborated in the future.

Type regions and occurrences.

The area of the confluence of the rivers Isar and Danube
and the Danube valley between Straubing and Osterhofen
may serve as type area for the ‘Ubergangsterrasse’, the
gravel pit west of the Natternberg between Stauffendorf
and Fehmbach as type locality (KROEMER et al. 2007). In
this region the first description was carried out and dating
results are already available (SCHELLMANN 1990, 2010). Fur-
thermore, similar occurrences are outcropping upstream
the Danube valley between Ingolstadt and Neuburg and
maybe in the Hochterrasse’ of Rain (FIEBIG & PREUSSER
2003) if dating results will be confirmed.

Termination and lithology.

The gravel deposits of the ‘Ubergangsterrasse’ may be dis-
tinguished from older gravel deposits of the ‘Hochterrasse’
and younger deposits of the ‘Niederterrasse’ by their mor-
phological position, the missing weathering of the ‘Rif3/
Wirm’ interglacial and by their reduced, only pleni- to
late-glacial loess cover. The upper sections of the gravel
deposits locally show a minor internal deformation (cryo-
turbation?) and reworked, transported, weathered pelitic
material. The base of the covering pleniglacial loess is typi-
fied by laminae of sand (‘sand-stripes’). Locally, the cover-
ing loess may be altered completely by the Late Glacial to
Holocene soil formation that continues into the underlying
gravel deposit.

The known thickness of the gravel deposits of the ‘Uber-
gangsterrasse’ varies between 5 and 10 m. The ‘Ubergangs-
terrassen’ are unconformably underlain by the Molasse
and/or older Pleistocene deposits (mostly gravel of Riff’-
age). The upper boundary to the covering strata (wash-out
deposits or loess) is considered as hiatus too.

Classification and correlations.

The relative stratigraphical position of the ‘Ubergangster-
rasse’ is between the lowest ‘Hochterrasse’ and the highest
‘Niederterrasse’. However, the actual position of the surface
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is located closer to the ‘Niederterrasse’. The assignment to
the ‘Frihwirm’ (‘Early Wirm’ = Lower and Middle Wiirm)
is based on the absence of a Rifl/Wiirm’ soil formation as
well as of covering strata of ‘Early Wiirm’ age.

First numeric OSL-datings of different occurrences
which so far were assigned to the ‘Hochterrasse’ resulted
in ages between 90 and 25 ka. A sand sheet in the gravels at
the suggested type locality near Stauffendorf yielded ages
of 36-30 and 23-19 ka at the base of the superimposed loess
(KROEMER 2010). According to the OSL-datings of 70-90 ka
by FIEBIG & PREUSSER (2003) for the ‘Neuburger’ and parts
of the ‘Rainer Hochterrasse’ as well as the ‘Ingolstadter
Hochterrasse’ (accumulated by the ‘Schutter-Danube’) a
future classification as ‘Ubergangsterrasse’ seems likely.
The change of the stream course of the ‘Altmiihl-Danube’
firstly to the Schutter valley and following into the current
Danube valley has to be rearranged from the end of the
‘Rify’ glacial into the ‘Early Wiirm’ in this case.

3.2.8 Niederterrasse [,Lower Terrace’)

First description.

The term ‘Niederterrasse’ originates from PENCK (1884: 39)
and was formalised by PENCK & BRUCKNER (1901-1909: 28,
48). But already PeEnck (1882) discerned these terrace level
(see 3.2.6). The term ‘Niederterrasse’ was first used to de-
nominate the terrace gravel of the ‘Memminger Trockental’
(dry valley) deriving from the ‘Jungendmorane’ (younger
terminal moraine).

Current application.

The current use of the term ‘Niederterrasse’ has changed in
part. Gravel beds formed by melt water of the ‘Late Wiirm’
are separated as ‘Spatglazialterrasse’ (Late Glacial Terrace),
so that the term ‘Niederterrasse’ is limited to accumula-
tions of the Wiirm Pleniglacial now. However, some au-
thors (SCHELLMANN 1990, FELDMANN 1990) continue to use
‘Niederterrasse” for all of the pleniglacial and late-glacial
gravel deposits .

In the area proximal to the moraines a differentiation of
the ‘Niederterrasse’ (sensu stricto) into several sub-units at-
tributed to single moraine stands is possible:

(i) ‘Niederterrasse 0’ (advanced younger terminal

moraine = super-maximal stand)

(ii) ‘Niederterrasse 1° resp. ‘Hauptniederterrasse’

(external younger terminal moraine correlating
with the Last Glacial Maximum (LGM)

(iii) ‘Niederterrasse 2’ (intermediate stand of the

‘middle’ younger terminal moraine)
(iv) ‘Niederterrasse 3’ (internal younger terminal moraine)

Type regions and occurrences.
As an original type location the ‘Memminger Trockental’
(PENCK & BRUCKNER 1901-1909) has to be mentioned. But a
transfer to the Isar or Inn glacier foreland appears reason-
able. Here a complete differentiation into sub-units associ-
ated with terminal moraine ridge systems is given and first
datings are available (FELDMANN 1994, 1998; MEGIES 2006).
Comparable gravel beds of the ‘Niederterrasse’ exist
along all the rivers of the Alpine Foreland which drained
melt water during the pleniglacial “‘Wiirm’. Apart from the
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rivers Isar and Inn, the valley of the Lech contains an ex-
ceptionally well developed terrace sequence that has been
investigated in detail (SCHREIBER 1985, currently mapped
by SCHELLMANN and students).

Termination and lithology.

The definition of the ‘Niederterrasse’ by the connection
to pleniglacial moraine stages would actually require the
discrimination of earlier underlying gravel deposits of
the advancing glacier. However, the possibility of tracing
the corresponding boundary along the melt water depos-
its into the glacier foreland is very limited (see SCHREIBER
1985; DREESBACH 1986). So the gravel beds of the advancing
phase are just separated as long as a till cover of the same
depositional cycle is obvious. Downstream from the out-
ermost moraine stand these early melt water deposits are
usually integrated to the ‘Niederterrasse’.

Regarding this kind of sequence the lower boundary of
the corresponding gravels is mostly developed as a clear
hiatus to the underlying Molasse sediments. But particular-
ly in the proximate glacier foreland a normal stratigraphi-
cal overlap on older Pleistocene sediments may also be ob-
served (see 3.2.6).

The thickness of the deposits of the ‘Niederterrasse’ av-
erages between a few and several tens of meters. In the
areas of ice-proximal sandur plains accumulations may ex-
ceed 50 m or more. However a share in these thick accumu-
lations by gravels of the ice-advance or even older deposits
cannot always be excluded.

Due to the position at the surface the uppermost part of
nearly all of the ‘Niederterrassen’ is affected by soil forma-
tion. However, locally the ‘Niederterrassen’ are overlain by
younger sediments like aeolian drift sand, in rare cases also
loess (c. f. ‘Ubergangsterrasse’), alluvial fans, colluvial soils,
and swamp and bog-lime deposits (‘Wiesenkalk’, ‘Alm’).

The ‘Niederterrasse’ in former melt water valleys pri-
marily consists of gravel deposits always containing vari-
able amounts of carbonate pebbles. In contrast gravel ac-
cumulations corresponding to periglacial, autochthonous
tributaries coeval with ‘Niederterrasse’ contain material
from the local catchment areas. They are generally free of
carbonate material. Typically the melt water deposits con-
sist of gravel with a variable sand content. In a proximal
position to the moraines higher percentages of boulders
and silt may be observed but this material quickly decreas-
es downstream. The gravel was deposited by braided riv-
ers and shows vertical bar aggradation (‘Vertikalschotter’
sensu SCHIRMER 1983). Occasionally the gravel is covered
by thin blankets (< 1 m) of fine-grained fluvial deposits.
Near the valley rims some fine-grained sediment may oc-
cur as reworked material from nearby slopes.

Depending on the crystalline content brown earth
(cambisol, ‘Braunerde’) or argilic brown earth (luvi-
sol, lessivé, ‘Parabraunerde’) are developed on top of the
‘Niederterrasse’. They may range from a few decimetres
thickness up to 1 m. The soil formation penetrates the fresh
gravel deposit just rudimentally with very short finger-
like cones. At dry places the soils also may be red-coloured
while at high water tables hydromorphic soils are formed,
especially half-bog deposits (so-called Pechanmoor’ after
BRUNNACKER 1959; KROEMER 2010). Where ground water
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occurs as planar outlet peat and bog-lime have formed
(e. g. Erdinger and Dachauer Moos).

Classification and correlations.

The identification of the ‘Niederterrasse’ in the sense of a
‘Glaziale Serie’ is based on the geomorphological connec-
tion to terminal moraine stages of the ‘Wiirm pleniglacial’
and on the relative terrace stratigraphical position between
the loess-covered ‘Hochterrasse’ (or ‘Ubergangsterrasse’)
and the terraces of the Late Glacial.

Numeric ages between 25 and 17 ka BP for the deposits
of the ‘Niederterrasse’ were determined using radiocarbon
datings on mammoth tooth (GEYH & SCHREINER 1984) as
well as OSL-datings (FIEBIG & PREUSSER 2003, MEGIES 2006).
Maximum and minimum ages may be deduced from under-
lying and overlying sediments. For example the loess-cov-
ered ‘Niederterrasse’ on the eastern bank of the river Salzach
(Austria) opposite of Burghausen (TRAUB & JERZ 1976;
STARNBERGER et al. 2008) yielded radiocarbon and OSL ages
for underlying loess strata of 21.7+0.25 ka BP (25.92-25.04 ka
cal. BP) respectively 19.9-21.5 ka.

3.2.9 Spatglazialterrasse (‘Late Glacial Terrace’)

First description and current application.

Terms like ‘spitglaziale Terrasse’ (terrace of the late gla-
cial) or ‘spatglazialer Schotter’ (gravel of the late glacial)
are used yet in former publications (e. g. KOEHNE & NIKLAS
1916). But it is not clear who at what time formed the term
‘Spatglazialterrasse’. It was used in diploma theses of the
1970s at the Munich University (summarised by GRiMM
et al. 1979) and finally documented in JErz (1993). For the
Geological Map of Bavaria the term ‘Spitglazialterrasse’
is applied for melt water and gravel deposits of the ‘Spat-
wirm’ (late Upper Wiirm) which is the period after the
ice retreat from the internal terminal moraine (see 3.1.9).
Other authors (SCHELLMANN 1990, FELDMANN 1990) call
the corresponding terraces and their deposits still ‘Nied-
erterrasse’. Two different levels may be frequently distin-
guished: ‘Spitglazialterrasse 1° and ‘2’ (respectively NT2’
and ‘NT3’ after SCHELLMANN 1990).

Type regions and occurrences.

The Danube valley near Straubing where a widespread bi-
section of the ‘Spétglazialterrasse’ is confirmed by current
datings (SCHELLMANN 2010) may serve as a type region for
the ‘Spatglazialterrasse’. Deposits of the ‘Spatglazialterrasse’
also occur along further river courses of the Alpine Fore-
land like the valleys of the Inn downstream of Kiefersfelden
(MEGIES 2006), the Lech (SCHREIBER 1985), the Isar between
Freising and Deggendorf (FELDMANN 1990, SCHELLMANN
1990), and the Danube between Dillingen and Donauwo6rth
(e. g. KLEINSCHNITZ & KROEMER 2003) or from Regensburg
to Pleinting (SCHELLMANN 1990; BucH 1988).

Termination and lithology.

Where river courses changed after the ‘Wiirm Pleniglacial’
the base of the deposits of the ‘Spitglazialterrasse’ may
be incised into Molasse sediments or accumulations older
than "Wiirm’ forming a significant hiatus. But in most cases
Late Glacial deposits follow directly on top of the grav-
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els of the ‘Niederterrasse’ sometimes just identifiable by a
basal concentration of coarse boulders. Inside the tongue
basins of the glaciers and the Alpine valleys the gravels of
the ‘Spatglazialterrasse” are underlain also by glacial till or
glacio-lacustrine sediment.

The gravels of the ‘Spatglazialterrasse’ do not differ sig-
nificantly from the gravels of the ‘Niederterrasse’ of cor-
responding catchments. They mostly show also vertical bar
aggradation (‘Vertikalschotter’ sensu SCHIRMER 1983). But
locally first tendencies to meandering features are visible,
for example at the mouth of the Isar (KROEMER et al. 2007).
Usually the thickness of the gravels varies between a few
and several meters while a maximum of more than 10 m is
occasionally reached.

Extreme thickness of overbank sediments is observed
in the Danube valley, upstream of the confluence with the
Isar (KROEMER et al. 2007, KROEMER 2010). On top of the
Late Glacial gravel up to 3 m thick silty flood deposits oc-
cur which are locally underlain by up to 3 m thick deposits
of fine sand. Typical soils on the top of the ‘Spatglazialter-
rasse’ are brown earths or argilic brown earths (‘Parabraun-
erde’). But the degree of development is reduced compared
to the ‘Niederterrasse’ (generally < 0.6 m). The widespread
occurrence of half-bog (so-called ‘Pechanmoor’) argues for
at least temporary high water tables in many areas even
after shifting of river courses and lowering of the river beds
during the Holocene.

Separated by minor discontinuities the terrace deposits
in part are covered by younger sediments like accumula-
tions of alluvial fans, colluvial, and flood deposits. In con-
trast to the younger terrace the higher (older) level of the
‘Spatglazialterrasse’ (resp. ‘N'T2’) may be covered by ‘Flug-
sand’ (drift sand). The lower (younger) level of the ‘Spét-
glazialterrasse’ was still in fluvial formation during the
deposition of the drift sand in the final permafrost period
of the Younger Dryas.

Classification and correlations.

Geomorphologically and due to their weathering status
the ‘Spatglazialterrasse’ has to be classified between the
youngest ‘Niederterrasse’ and oldest ‘Postglazialterrasse’.
A direct connection to late glacial terminal moraine ridges
(from ‘Stephanskirchener’- or ‘Weilheimer Stand’ to Ege-
sen moraines, see Tab. 5) is rarely possible. The Late-glacial
terrace formation is attributed rather to fluvial transforma-
tions than to sediment pulses caused by glacier activities.
River-dynamic reactions are triggered by climate changes
and the deglaciation of the glacier basins.

The ‘Late Wiirm’ and in consequence the ‘Spatglazialter-
rassen’ are defined after CHALINE & JERZ (1984). A complete
correlation to the ‘Late Wiirm’ according to palynological
analyses (FIRBAS 1949, 1952) is not expected (see 3.1.9).

Numeric radiocarbon datings in the area near Straubing
(SCHELLMANN 2010: 28) assign the deposits of the ‘Spét-
glazialterrasse 1’ to the ‘Alteste Dryas’ (oldest Dryas) be-
tween 17 and 18 ka BP and some time before 14 ka BP. The
time of the deposition of the ‘Spitglazialterrasse 2’ spans
between 14.0 and approximately 10.2 ka BP (SCHELLMANN
2010: 35) and thus has continued until the end of the Young-
er Dryas.
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3.2.10 Postglazialterrasse [‘Post Glacial Terrace’)

First description and current application.

The first use of the term ‘Postglazialterrasse’ is in the dark
like it was already told for the ‘Spatglazialterrasse’. The
term is used by JErz & ScHMIDT-KALER (1999) and is al-
most synchronously introduced into the General Legend of
the GK25 of Bavaria. According to the attribution to Lower,
Middle or Younger Holocene (‘Alt-, Mittel- and Jungholo-
zén’) there is a differentiation in ‘Altere’ (Older), ‘Mittlere’
(Middle) and ‘Jingere Postglazialterrasse’ (Younger Post-
glacial Terrace). However, just the areas influenced by
flooding events of the Late Holocene and their correspond-
ing deposits can be separated clearly. Therefore in many
cases it is necessary to merge the ‘Altere’ and the ‘Mittlere
Postglazialterrasse’ and distinguish this combination from
the ‘Jingere Postglazialterrasse’, the Late Holocene flood-
plain stages including corresponding fine-grained fluvial
deposits. Some authors just take a consecutive numbering
to label the different Holocene terraces. So the terraces of
the Isar and the Danube are subdivided as ‘Holozanterrasse
1’ to 77 (‘H1’-’H7’) by SCHELLMANN (1990) and FELDMANN
(1990).

Type regions and occurrences.

Well developed and detailed investigated successions of the
‘Postglazialterrasse’ are available at different river courses
of the Alpine Foreland. Due to the comprehensive classi-
fication, partly based on numeric datings, the Isar valley
is suggested as type region (FELDMANN 1990, SCHELLMANN
1990).

A comparable differentiation of the ‘Postglazialter-
rasse’ was recently dated by MEGIEs (2006) at the lower
river course of the Inn. Further detailed investigations
were achieved lastly by SCHREIBER (1985) at the Lech, by
SCHELLMANN (1990), BucH (1988), JERZ & SCHMIDT-KALER
(1995, 1999), KreinscHNITZ & KROEMER (2003) and by
KROEMER et al. (2008) at different segments of the Danube.
Knowledge is steadily increasing in the context of current
geological mapping.

Termination and lithology.

Like the deposits of the ‘Spatglazialterrasse’ the gravels of
the ‘Postglazialterrasse’ often are not incised to sediments of
the Molasse. In many cases gravel deposits of the ‘Niederter-
rasse’ serve as substratum. The Holocene gravel beds with a
clearly reduced thickness can be distinguished not only by a
coarsening of the basal grain sizes but additionally by their
different texture. Less frequently are typical warm-phase
remnants and components of historic origin. ‘Postglazialter-
rassen’ predominantly evolved by reworking of older mostly
‘Wiirm’-aged gravel and thus show only a minor modified
composition.

The Holocene river accumulations were deposited in
large parts by meandering rivers and show often a lateral
bar aggradation (‘Lateralschotter’ sensu SCHIRMER 1983).
Especially in the lower course of the rivers of the North-
ern Alpine Foreland or of the Danube hypsometrically less
differentiated so-called in-line terraces (‘Reihenterrassen’
sensu SCHIRMER 1983) are formed. The single meander beds
are divided into a central part predominantly composed of
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gravel and into the former river bed courses mostly filled
with thick fine-grained sediment.

Also apart from these meander fills ‘Postglazialter-
rassen’ are frequently covered by fine-grained flood plain
deposits of variable thickness. Due to generally high car-
bonate contents in the Northern Alpine Foreland they are
often referred as ‘Fluss-’ or ‘Auenmergel’ (fluvial or flood-
plain marls). But for example on the gravels of the river
Inn, which are very rich in crystalline components, the
carbonate content of flood deposits is comparatively low.
Overall the thickness of the Holocene river deposits (chan-
nel fill gravels and floodplain deposits) ranges from a few
to several metres and rarely exceeds 10 m.

According to their relatively young age the deposits of
the ‘Postglazialterrasse’ are covered only by accumula-
tions like colluvium, bog lime or peat in exceptional cases.
The surfaces of the terraces generally show minor soil for-
mation. Even the older ones do not reach a stadium more
developed than rendzina or pararendzina, the younger
Holocene floodplain deposits not more than virgin soils. At
high water tables also peat occurs (‘Pechanmoor’).

Classification and correlations.

The immature soils characterise the deposits of the “Post-
glazialterrasse’ as accumulations of the youngest section
of earth history. Geomorphologically they occur directly
below the youngest “‘Wiirm’-aged terrace (‘Spétglazialter-
rasse’) and reach down to the present river courses.

The classification is carried out by using different meth-
ods. Minimum ages for the gravel accumulations result
from palynological investigations preferably on covering
organic strata, from artefacts, and other archaeological in-
dications. Dateable human products like brick or pottery
remains found within the gravels however provide maxi-
mum ages for the TJiingere Postglazialterrasse’ (Younger
Postglacial Terrace).

Numeric ages reaching from 11.5 ka cal. BP up to the
present were determined on organic remains like wood
or peat by using the radiocarbon method. Wood remains
found in rivers of the Northern Alpine Foreland with suffi-
cient amount of tree-ring structures can be analysed by the
dendrochronological method which allows a chronology in
a one-year-resolution for the whole Holocene (KROMER &
BECKER 1993). OSL-datings on sand grains of the Holocene
gravel deposits were successfully performed too.

3.2.10.1 Jiingere Postglazialterrasse [‘Younger Post
Glacial Terrace’)

Due to their special characteristics some supplementary
descriptions for the deposits of the ‘Jiingere Postglazialter-
rasse’ are given. The ‘Jungere Postglazialterrasse’ is situ-
ated in the area of river-flood events during late prehistoric
and historic times. Predominantly these terraces developed
before the realisation of regulating activities which started
for the large part during the 19" century. ‘Jiingere Post-
glazialterrassen’ are generally characterised by ‘Auenab-
lagerungen’ (fine-grained flood plain deposits). Their depo-
sition was probably triggered by widespread forest clear-
ing for agriculture and started already during the Bronze
Age at the end of the Subboreal period. At the lower cours-
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es of the rivers of the Alpine Foreland or at the Danube
valley the terrace levels show only sparse hypsometric dif-
ferentiation. So Late Holocene flood plain deposits reach
far beyond the terraces of the Younger Holocene onto older
terrace surfaces.

Concerning the ‘Jingere Postglazialterrasse’ three gen-
erations are basically distinguished partly with further
subdivisions (JERz & ScCHMIDT-KALER 1999; KLEINSCHNITZ
& KROEMER 2003; SCHELLMANN 2010). Their formation in
most cases can be determined as Bronze to Roman period,
mediaeval, and modern times. Numeric datings by using
the radiocarbon method or dendrochronology yielded ages
between 3 ka BP until present. Beside the above mentioned
methods also relics of human occupation or reworked arti-
ficial matter like ceramics can be applied for the classifica-
tion. Historical maps like the primal cadastral mapping of
the Bavarian Land Surveying Office serve as documents for
the unregulated status of the rivers.

3.3 Moraine stratigraphy for Southern Bavaria

A continuous independent moraine stratigraphy is cur-
rently not available for Bavaria. On the Geological Map of
Bavaria moraine deposits are distinguished by a combina-
tion of climate stratigraphical and petrogenetical terms. In
addition specific moraine terminologies are used for the
stratigraphical differentiation of moraines:

(i) arough subdivision into ‘Altmoréne’ and
‘Jungmorine’ (older and younger moraines)
predominantly according to their morphological
appearance,

(if) a detailed supraregional applicable classification
by discrimination of standardised terminal moraine
stages during the “‘Wiirm’ and - less differentiated
— during the ‘Rif3’,

(iii) different classifications just related to one single
glacier lobe using local names of terminal moraine
ridge systems from Rif}’ to ‘Holocene’.

All these classifications are largely limited to morphologi-
cal landforms. A differentiation of distinct till generations
deposited in superposition by different glacier advances
of one cold stage is only exceptionally possible. It may be
assumed just locally in single outcrops or in drillholes, so
in the Rhine-glacier area of Baden-Wuerttemberg (e. g.
SCHREINER 1996) or in the Bavarian Salzach-glacier area
(GrimM et al. 1979: 111). In rare cases a fossil soil is passed
on between superimposed moraine deposits supporting an
interglacial hiatus.

3.3.1 Geomorphological moraine classification

A rough geomorphological classification of the moraine
topography which enables an elementary stratigraphi-
cal relation follows the suggestion of PENCK & BRUCKNER
(1901-1909: 125). They distinguish ‘Jungmoréine’ (young-
er moraine) characterised by a pronounced relief show-
ing directly its glacigenous origin from ‘Altmoréne’ (older
moraine) with more flattened and well smoothed forms.
Enclosed hollow moulds (above all dead ice kettles) char-
acteristic for the moraine topography of the last glacial
epoch are rarely found in the area of the ‘Altmorane’

ES&G / Vol. 80 / No. 2-3 / 2011 / 329-365 / DOI 10.3285/eg.60.2-3.08 / © Authors / Creative Commons Attribution License



for instance. This is due to periglacial processes, increas-
ing periglacial loam covers and interglacial weathering.
‘Altmorine’ of ‘Rif}’, ‘Mindel’ and for once even ‘Giinz’
age generally constitutes an outer belt around the ‘Jung-
moréne’ (see Fig. 1).

3.3.2 Classification by terminal moraine stages

The classification based on terminal moraine stages
(= ‘stand’; ‘stadium’ is regarded to be chronologically) is
based on the course of the moraine ridges, of peripheral
melt water channels, and supplemented also by relictic
dead ice features. Corresponding classifications essentially
depend on the particular image of the shape of a glacier
lobe, but are rarely supported by datings. For the well-pre-
served moraine stands of the Wiirm pleniglacial, the Late
Wiirm and the Holocene a superordinate climate control
is assumed. This is due to the uniformity of the terminal
moraine sequences developed in the different glacier lobes
of the Northern Alpine Foreland (e. g. TRoLL 1924). Thus,
from the local classifications a supra-regional standard-
ised classification was derived for the ‘Wiirm pleniglacial’
and rudimentary also for the ‘Riff’ (Tab. 5). For the older
just sparsely preserved deposits of the ‘Altmoréne’ a cor-
responding subdivision is not feasible. The glaciers of the
‘Late Wirm’ to Holocene, which retreated into the Alpine
valleys are strongly affected by local factors, so that only a
less reliable correlation is possible.

In his pioneering publication about the Inn-Chiemsee
glacier TROLL (1924) paid special attention to the recession-
al moraine stages (‘Endmorénen-Stinde’) of the “Wiirm’.
His classification into the ‘Kirchseeoner’, the ‘Ebersber-
ger’, the ‘Olkofener’ and the ‘Stephanskirchener Stadium’
is still in use. External of the ‘Kirchseeoner’-terminal mo-
raine stage remains of an older, more extensive but still
‘Wiirm’-aged glacier advance exist, called the stage of
‘Aying-Pframmern’. Partly those terminal moraine stages
are subdivided into single echelons (‘Staffeln’), for exam-
ple the ‘Haager’, ‘Altdorfer’ and ‘Rechtmehringer Staffel’
of the ‘Kirchseeoner Stand’ (TROLL 1924) or the recently
performed differentiation of an ‘Alt’- and a ‘Jung-Ebersber-
ger Stadium’ by DARrGa (2009). The exemplarily developed
young moraine stages of the Inn glacier are considered as a
kind of model-classification for all of Bavaria. Comparable
local classifications exist for most of the Bavarian glacier-
lobes (Tab. 5).

A very detailed classification from ‘Wiirm’ to Holocene
terminal moraines is presented from the Ammersee and
partly the Wiirmsee lobe of the Isar-Loisach glacier. Lastly
HIRTLREITER (1992), SCHNEIDER (1995) and FELDMANN (1998)
documented a large number of terminal moraine stages
which are still visible between the ‘Auf3ere Jungendmoréne’
and the present day’s glacier relics at the Wetterstein moun-
tains (Tab. 5).

Moraine classification from ‘Wiirm’ to Holocene.

Terminal moraine stages of the early ‘Wiirm’ as they are
verified in Switzerland (PREUSSER 2004) are not document-
ed clearly in the Bavarian Alpine Foreland up to now.
However LINK & PREUSSER (2005) specified indirectly a
piedmont glaciation approximately 60 ka ago (MIS 4) in
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the basin of Kempten at the area of the Iller glacier.

The correlation of the terminal moraine stages of the Ple-
ni-, Late- and Post-glacial of the “Wiirm’ is predominantly
tentative (HABBE 1988: 183, Fig. 4). Concerning the terminal
moraine stages of the Wiirm’ pleniglacial the supra-regional
classification distinguishes an ‘Aufiere Jungendmoréne’ (ex-
ternal younger terminal moraine; e. g. ‘Kirchseeoner Stand’
of the Inn-glacier), a ‘Mittlere Jungendmorine’ (middle; e.
g. ‘Ebersberger Stand’) and an ‘Innere Jungendmoréne’ (in-
ternal; e. g. ‘Olkofener Stand’). The conceptual discrimina-
tion of ‘Auflere’- and ‘Innere Jungendmorine’ was firstly
performed by ScuHmIDT (1911) in the Rhine-glacier area.
The ‘Auflere Jungendmorine’ marks the external “‘Wiirm’-
aged, largely continuous terminal moraine stage which is
often shaped as a double-ridge. The ‘Innere Jungendmorane’
mostly rests on the edge of the tongue basins. The origin of
the ‘Tnnere Jungendmorine’ by some authors is attributed to
a glacier readvance after an oscillation of elusive amplitude.
According to ELLWANGER et al. (2003) a change of the glacial
mechanics from a ‘cold’ to a ‘warm based glacier’ took place
with this readvance and even the glacier basins should not
have been excavated before.

The term ‘Mittlere Jungendmorine’ was introduced into
the Bavarian geological legend for the widespread ridge
structures and ice-decay landforms between the ‘Aufiere’
and ‘Innere Jungendmoréne’. They are mostly displayed as
an independent terminal moraine stage, even though ter-
minal moraine ridges are not predominantly. External to
the ‘Aufiere Jungendmoréne’ locally further moraine hills
of probably Wiirm-pleniglacial age occur. They are de-
nominated as ‘vorgeschobene Jungendmorine’ (advanced
younger terminal moraine) respectively ‘Super-’ or ‘Su-
pramaximalstand’ (e. g. ‘Ayinger Stand’ of the Inn glacier).
The latter two terms were introduced in the Rhine-glacier
area too by GERMAN & MADER (1976). The first is used in
Bavaria (e. g. TROLL 1924: 32, Fig. 2; EBERSs et al. 1966: 121).

Just local denominations are available for the termi-
nal moraine stages of the ‘Late Wiirm’ when the ice had
retreated from the ‘Innere Jungendmoréne’ and for the
Holocene terminal moraines. The closely investigated ter-
minal moraine stages of the Inn glacier and its tributaries
in Austria (PATZELT 1980; MAISCH 1982) may still be used as
a master classification for Bavaria too.

A mostly indistinct moraine stage during Late-glacial ice
retreat — still attributed by some authors to the plenigla-
cial (see 3.1.9) — displays the ‘Stephanskirchener Stand’ of
the Inn glacier (firstly mentioned by TRoLL 1924) as well
as its equivalents at other glacier areas of the Alpine Fore-
land. This moraine stage generally crests the outer rim of
the central glacier basins. A younger superordinate mo-
raine stage during the ice retreat was already described by
PENCK & BRUCKNER (1901-1909: Fig. 60) in the Inn valley as
‘Bithl-Stadium’. REITNER (2007) however revealed that the
corresponding landforms are to explain by local interac-
tions of the Inn glacier with tributary glaciers in the area
south of Kufstein/Austria. That means ‘Biihl’ is not a cli-
mate controlled stage comparable among different glacier
areas. Further superordinate Late-glacial stages which are
supposed to have a climatic trigger are those of ‘Gschnitz’,
‘Daun’ and ‘Egesen’. The latter is commonly connected
to the last climate deterioration of the ‘Late Wiirm’, the
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“Younger Dryas’. For the previous terminal stages the cor-
relation to definable cold phases during the Late glacial is
not verified so far.

Holocene glacier stages in the catchment of the former
Inn glacier are described from the Central Alps (Mayr
& HEUBERGER 1968; PATZELT & BORTENSCHLAGER 1978;
MaiscH 1982). But a reliable correlation to the few Holocene
glaciers of the northern side of the Bavarian Alps will hard-
ly be possible. The same is also true for their recessional
moraine stages of the ‘Late Wiirm’. So far only local clas-
sifications concerning single glacier tongues are available
(last mentioned in HIRTLREITER 1992). Only the outermost
terminal moraines of the so-called ‘Little Ice Age’ (14™ to
mid-19" century), the stages of 1850, give better opportuni-
ties for reconstruction by using historical sources.

For a comparative classification and correlation of ter-
minal moraine stages different methods are used. These are
connections by shared melt water outflows, the general po-
sition in the morphological sequence of the glacier lobes
or calculations of the snow line. The last one was applied
particularly for the younger, inner-alpine stages.

So far numeric ages for moraine stratigraphical units
are very rare. Moraines generally lack in organic material
useable for radiocarbon datings. Age determinations on
sparse mammoth teeth are restricted to the Rhine-glacier
area outside of Bavaria. Data are summarized in KELLER
& Krayss (1998). The opportunities to detect buried or
reworked wood remains in Holocene moraines are more
promising. But this approach has its limitation as well. So
the classification of the terminal moraine stages at the ori-
gin of the Loisach-glacier by HIRTLREITER (1992) is based
exclusively on snow line calculations and cannot be sup-
ported by numeric ages. Applying the relative new dating
method of boulders via cosmogenic isotopes one has to
consider disruptions caused by the intensive human occu-
pation in the Alpine Foreland. First results were presented
by REUTHER (2007) and Ivy-OcHs et al. (2008) for the area of
the Isar-Loisach and the Inn piedmont glaciers. Exposition
ages determined on large erratic boulders cover a broad
period between 10.3 and 38.9 ka (Ivy-OcHs et al. 2008: 565).

Moraine classification of the ‘Rif}’.

A detailed classification into terminal moraine stages com-
parable to the ‘Wiirm’ and with the objective of suprare-
gional relevance just exists for the ‘Riff” age. According to
the morphologically less concise circumstances this classi-
fication shows some major uncertainties and so far analo-
gies are evident only between the areas of the Rhine and
the Salzach glacier enframing the Bavarian Alpine Fore-
land. The classification of the Rhine glacier by its concep-
tional terms of ‘Zungen-Rif8’ (‘tongue Rif’), ‘Doppelwall-
Rif’ (‘double ridge Rif’) and the moraines of the ‘Jung-
Rif}* (‘younger Rif’) denotes for supra-regional applica-
bility. However, terminal moraine stages of the “Zungen-
rif}” and also of the Jung-Rif3’ are not documented clearly
(SCHREINER 1989).

The characteristics of the terminal moraine stages of the
‘Rif¥’ in the Bavarian Western Salzach glacier lobe (GRiMMm
et al. 1979) with its inarticulate, external terminal mo-
raine stages, an internal well developed double ridge and a
youngest terminal stage, which is not documented directly,

360

are well comparable to the classification of the Rhine-gla-
cier area. Yet in the adjacent Western Inn-glacier area the
classification is less comparable (GRIMM et al. in prep.).

For ’Altmorinen’ in the remaining Bavaria correspond-
ingly detailed classifications are not available.

4 Discussion and perspectives

The status of Quaternary Stratigraphy in the Alpine Fore-
land of Baden-Wuerttemberg and Bavaria is described by
FiEBIG et al. (in press), HABBE, ELLWANGER & BECKER-
HAUMANN (2007) or in the stratigraphic chart of the
DEUTSCHE STRATIGRAPHISCHE KOMMISSION (2002) and the
accompanying comment by LiTT et al. (2005). In addition
to the textbooks of JErRz (1993), EHLERS (1996), SCHREINER
(1997), BENDA (1995) for Southern Germany, vaN HUSEN
(2000) and P1LLER et al. (2004) for Austria, SCHLUCHTER &
KEeLLY (2000) and PReUSSER (2010) for Switzerland may be
consulted for an outline.

The traditional, primarily morphostratigraphical clas-
sification used in Bavaria is essentially defined by gravel
deposits of different elevations. So far it is suitable espe-
cially in the glacial foreland. In contrast the new, substan-
tially lithostratigraphical classification system established in
Baden-Wiirttemberg defines units confined by discontinui-
ties (ELLWANGER et al. 1995, 2003). This system is based on
the analysis of the sequences within the glacial basins of the
Rhine glacier. The new classification introduces the so-called
‘HoBkirch-Komplex® (see 3.1.5) for the period of an oldest
glaciation and basin formation in the area of Lake Constance
preceding the ‘Riff’ complex. The new concept considers tec-
tonic movements as a reason for all of the ‘Deckenschotter’
accumulations, not former phases of piedmont glaciations.

Palaeomagnetical investigations in the northern Rhine-
glacier foreland (FRoMM 1994; ELLWANGER et al. 1995; BiBus
et al. 1996) and in the Bavarian Alpine Foreland (STRATTNER
& RoLF 1995) resulted in a different chronological classifi-
cation of (‘Haslach’-)'Mindel’ and ‘Giinz’ and thus also for
the related units. Whereas ‘Haslach-Mindel” and as a result
also ‘Giinz’ in Baden-Wuerttemberg is magnetostratigraphi-
cally attributed to the reverse oriented Matuyama, in Bavar-
ia ‘Mindel’ is completely established in the normal oriented
Brunhes epoch. Solely ‘Giinz’ in Bavaria is thought to reach
from the Matuyama up to the Brunhes epoch passing the
Lower to Middle Pleistocene transition. The reasons for this
discrepancy are still open. Probably on both sides of the river
Iller (approximately the border between Wuerttemberg and
Bavaria) gravel deposits of different ages are assigned to the
Tiingere Deckenschotter’ (‘Mindel-Haslach’) or ‘Tiefere Al-
tere Deckenschotter’ (‘Giinz’). The gravels of Allschwil with
its covering strata containing 5 interglacial soils are classi-
fied as ‘Jingere Deckenschotter’ (ZOLLINGER 1991). Thus,
considerably older deposits may be regarded as ‘Mindel’ in
the upper Rhine area, than in Bavaria where the cover of
‘Jingere Deckenschotter’ is less differentiated. But it remains
unclear so far where a boundary between the different clas-
sification systems can be fixed.

Both classification systems are presented side by side in
Table 3. We passed on displaying the classification of the
Austrian Quaternary adjacent to the East because it is simi-
lar to the Bavarian system.
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An adaptation between the different classification systems
seems absolutely essential but against the background of
various approaches also complex and interminable. The en-
forcement of further age-determinations, the enhancement
of dating methods and the consolidation of new techniques
may display an objective help but will surely implicate the
loss of well beloved ideas.
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