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Abstract

The vegetation of the northern Upper Rhine Graben (southwestern Germany) is reconstructed for the end of the Lateglacial and the Holocene by

means of palynological analyses in combination with AMS !4C dating. Analogous to adjacent lowland areas, the Younger Dryas climatic

deterioration did not result in a complete deforestation of the area and open pine woodlands with locally birch stands and shrubs persisted. A

subdivision of the Younger Dryas period, into a humid first phase, followed by a dry second phase was also reflected in our records. For the

Holocene, the pollen diagrams show two regionally different vegetation developments, related to substrate and variations in annual precipitation:

in the south the ‘classical’ succession of pine then hazel is followed by other deciduous trees, whereas in the northern part, pine kept its dominance

far into the Subboreal.
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| Introduction

In this paper emphasis is placed on the reconstruction of the
palaeoenvironmental changes and the vegetation development
of the northern Upper Rhine Graben during the Lateglacial
and Holocene. This is based on an extensive palynological
study of a large number of sediment cores recovered from
abandoned river channels.

Until recently, the background (i.e. climate, human impact)
of the environmental changes, as well as the interaction of
their forcing factors was largely unknown. Also a chronological
framework was absent. In this respect a multidisciplinary study
was carried out using different methods including geomorpho-
logical and soil mapping, palynology and various dating
techniques on the same archives (Dambeck & Thiemeyer, 2002;

Dambeck & Bos, 2002; Dambeck, 2005). The study was part of
the German priority research program ‘Changes of the geo-
biosphere during the last 15,000 years - continental sediments
as evidence for changing environmental conditions” (Litt,
2003).

The vegetation history of the northern part of the Upper
Rhine Graben was previously studied by Rothschild (1936),
Grosse-Brauckmann et al. (1990) and more recently by Dambeck
& Bos (2002). The southern part, between Karlsruhe and
Mannheim, was studied by Stark (1926), Oberdorfer (1934,
1937), Kiittel et al. (1986) and Holzer & Holzer (1994). The
latter published the first radiocarbon dated pollen diagram
from a site near Karlsruhe, which shows the entire Lateglacial
and Holocene. For a detailed palynological study in the
southern Upper Rhine area around Freiburg see Schneider
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(2000). In the northern Upper Rhine river valley, pollen
analysis was first carried out by Rothschild (1936). At that
time radiocarbon dating did not exist and as a consequence a
chronostratigraphical framework for the different pollen
assemblage zones and vegetation types described by Rothschild
is absent. Especially during the Lateglacial and first part of
the Holocene, however, palynological records within an area
can be used particularly well for relative dating purposes, as
various tree and shrub species immigrated, one after another,
within a relatively short period (Birks, 1986). Therefore, despite
the absence of an absolute time scale, the palynological work
by Rothschild (1936) is most valuable and can be used for
correlation with the palynological records discussed in this
paper, of which many are radiocarbon dated by AMS. Grosse-
Brauckmann et al. (1990) carried out pollen and plant macro
remain analysis on the old Neckar bed in the northern Upper
Rhine Graben, while a preliminary overview of a more
multidisciplinary study in the northern Upper Rhine area was
given by Dambeck & Bos (2002).

In the present paper we will give an overview of the recent
palynological work in the northern Upper Rhine Graben. The
palaeoenvironmental changes and vegetation development
will be discussed in relation to climate and human impact and
associated fluvial processes.

Grosse Lach

\

Fig. 1. Schematic map of the northern
Upper Rhine Graben. Indicated are the
different terraces (Older and Lower tg
and t;), aeolian sand dunes, the three
meander belt generations of the Rhine,

peat deposits in abandoned channels of

Rhinehessian hills and plateaus

the Rhine and Neckar river and annual

mm/yr.
Furthermore, the investigated sites are

precipitation  values in
indicated: in the Neckar (blue) and in
the Rhine area (yellow - oldest meander
generation, green older meander
generation) (modified after Hessisches

Landesamt fiir Bodenforschung, 1990;

y Research area

The research area is located between Mainz and Lampertheim
(Fig. 1), ca. 50 km south of Frankfurt/Main, in the northern
part of the subsiding northern Upper Rhine Graben (Pflug,
1985). The area - between ca. 85-115 m a.s.l. - is characterised
by a wide floodplain of the river Rhine in the west and a
narrow floodplain of the tributary river, the Lateglacial Neckar
in the east. The ancient character of the landscape with
abandoned palaeochannels, oxbow lakes and swamps has
largely disappeared during the last centuries as a result of
hydrological engineering and modern agriculture.

The research area is situated between low mountain ranges
that have a positive influence on the local climate and
composition of the vegetation, i.e. on the west on the leeward
side of the Rhinehessian hills and plateaus, in the north the
Taunus and in the east the Odenwald (Hendl, 1994). The
uppermost northern part belongs climatologically to the Rhine-
Main region, which is characterised by relatively mild winters
and warm summers (Der Regierungsprasident in Darmstadt,
1985). The largest part of the research area, however, belongs
to the Upper Rhine valley. The mean annual temperature is
9.5 °C, with an annual precipitation of 600 - 700 mm (Deutscher
Wetterdienst, 1981; Klausing, 1988) (Fig. 1). Most of the
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precipitation, ca. 60%, falls in summer. Evapotranspiration is
<500 mm year~!, which results in a positive water balance
(Deneke, 1992; Dommermuth & Trampf, 1980). Within the
area, however, there are variations in annual precipitation that
follow an E-W gradient. In the west, at the transition to the
Rhinehessian hills and plateaus, precipitation values are lower
than average, <600 mm year~! (Fig. 1). To the east, precipi-
tation values increase up to 750 - 800 mm year ! along the
Bergstrassen area, because more rainfall is received on the
windward side of the Odenwald (Fig. 1).

During the Quaternary, the northern Upper Rhine Graben
was filled-in with up to 400 m thick fluvial sediments of the
river Rhine and its tributaries, i.e., mainly fluvial gravels and
sands (Bartz, 1982; Kdrcher, 1987; Semmel, 1994; Walter, 1995).
The upper part of the Quaternary is characterised by different
series of river terraces, i.e. the Older and Lower Terraces (Fig. 1).
The Lower Terrace comprises the period of study, was formed
during the last Glacial (Weichselian) and can be subdivided
into two levels; an older and a younger one (Scheer, 1978;
Schweiss, 1988). The older terrace level (= upper level of the
Lower Terrace or Obere Niederterrasse, tg) is covered with
overbank deposits and large aeolian dune fields (Becker, 1967,
Kupfahl et al., 1972) (Fig. 1). The younger level (= lower level
of the Lower Terrace or Untere Niederterrasse, t;) is incised
into the older tg-level and is covered with overbank fines (cf.
Hessisches Landesamt fiir Bodenforschung, 1990), while
aeolian sands occur locally in small dune areas.

At the end of the last Glacial, the river Neckar intersected
the dunes overlying the upper Lower Terrace level, and started
to flow more directly northward, parallel to the western edge
of the Odenwald, the so-called Bergstrassen-Neckar. During
this period, the Bergstrassen-Neckar flowed into the Rhine
near the present-day town of Trebur and created a system of
two or three successive meandering river channels, which can
be distinguished morphologically by their different channel
dimensions (e.g. width, radius) (cf. Mangold, 1892; Hessisches
Landesamt fiir Bodenforschung, 1990; Fig. 1). At the end of
the Lateglacial the river shifted its mouth again, this time
more southwards to its present position near Heidelberg
(Mangold, 1892; Dambeck & Bos, 2002). Subsequently, the
residual meandering main channel of the Bergstrassen-Neckar
became completely abandoned and was filled-in with gyttja
and peat (Dambeck, 2005). The last Bergstrassen-Neckar bed
is morphologically well preserved and can be clearly separated
from the channels of older meandering phases. The latter are
visibly disconnected from the last main channel.

The present floodplain of the river Rhine developed on the
lower level of the Lower terrace (Schweiss, 1988). The flood-
plain can be subdivided into numerous palaeomeander phases as
a result of the large number of abandoned and infilled residual
channels (cf. Scharpff et al., 1977; Hessisches Landesamt fiir
Bodenforschung, 1990; Fetzer et al., 1995; Rosenberger et al.,
1996; Dambeck, 2005). These ‘floodplain terraces’ (sensu

Schirmer, 1983) differ mainly on morphological, lithological and
pedogenetical criteria and three meander generations could be
distinguished; an oldest, older and younger meander generation
(e.g. Fetzer et al., 1995; Dambeck & Sabel, 2001; Dambeck &
Thiemeyer, 2002; Dambeck & Bos, 2002, Dambeck, 2005) (Fig. 1).

{ Material and methods

Sediments were recovered from abandoned river channels by
drilling of 1 m long cores or as monoliths from excavated pits.
Overlapping cores were taken to ensure complete sampling.
Pollen samples were extracted from the sediment using a small
sampler of a known volume (~300 mm3) and prepared for pollen
analysis following Faegri & Iversen (1989). As a result of the
relatively high groundwater level in the research area the
botanical material was in general well preserved. For classifi-
cation and identification of pollen types, the keys of Moore et
al. (1991), the NEPF, Vol. I-VIII (Punt et al., 1976, 1980, 1981,
1984, 1988, 1991, 1995, 2003) and a modern reference collec-
tion were used. Combined arboreal (AP) and non-arboreal
(NAP) totals were employed for percentage calculation. Pollen
and spores of the local aquatic- or mire vegetation (including
Poaceae and Cyperaceae) were excluded from the pollen sum.
Pollen percentage diagrams were divided into regional and
local components and constructed using TILIA, TILIA.GRAPH and
2004). Regional
pollen assemblage zones were established and compared with
the biozones of Firbas (1949). In this study, palynological
data were also used as a relative dating technique by

TG.VIEW computer programs (Grimm, 1991

comparing pollen diagrams reflecting small time intervals with
standard pollen diagrams constructed for this region (Table 1).

In order to provide a chronostratigraphical framework for
the trends in the pollen curves radiocarbon dating was carried
out. To reduce the likelihood of contamination by older carbon
we preferred to use organic material reflecting atmospheric
14C concentrations, such as seeds and fruits from terrestrial
plants (e.g. Marcenko et al., 1989; Tornqvist et al., 1992).
Pollen analysis and radiocarbon dating was performed on the
same sediment cores, preferably also in combination with
sedimentological analysis (compare Dambeck, 2005). Absolute
ages are expressed in conventional 14C yrs BP and calibrated
ages in cal BP, i.e. calendar age relative to 1950.

As two of the profiles (Dornheimer Lache and Grosse Lache)
presented here were already analysed in the mid-eighties,
bulk samples then were conventionally dated. Three of the
sediment samples (i.e., calcareous gyttja) from the Grosse Lache
core displayed a considerable hard water effect, therefore a
new series including seeds from terrestrial plants was AMS
radiocarbon dated (Table 2, Fig. 2). Comparison of the sediment
samples and AMS samples shows an age difference of 1100/
1300 4C years or more (Table 2). This is more or less similar
to the reservoir age of 1200 years for the present-day water of
the river Rhine (Cappers et al., 2002).
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Table 1.
palynological investigated residual channels of the Rhine and Neckar
rivers. The biostratigraphy follows Firbas (1949, 1952). For each pollen

Table showing the timing of the abandonment of the

diagram the covering biozones are shown.
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Q
ey
3 =
Sl 8l e 2
= Z
1= g L= a 5 & o 8
o @ ? [ © E W Q2 Q
Sla|lw| Bl w5 alsl| 2| B
= » (2] = @
§l&8ls|2|2g|5|8|38]|é
Biostratigraphy\| © | S | < | O | @ | w |W | 2| O
Subatlantic | IX I 1
Subboreal ([VIIIf===f"""" Ry FHRETh FEEse) ebdash (B0E - 3 ihAs HEEREy
VIl ]—
Atlantic gl (et et s i O 1 i
Vb
Boreal 1 2! (R i) g R e [ R e
Va —l n
IVb
Preboreal B SR RE e R e R e
IVa
Younger 111 R e e e
Dryas
Allerad Il
| Results

Neckar area

Location Dornheimer Lache (Fig. 3)

The core was collected ca. 12 km west of Darmstadt (Fig. 1).
The sediment sequence shows calcareous gyttja, which more
upwards changes into peat. The sequence starts in the
Lateglacial (i.e. Allerpd biozone), but the since the base of the
channel has not been reached the channel may be older. These
lower spectra, however, are poor in pollen. Higher in the core,
high percentages of Pinus (pine), Betula pubescens type (tree
birch) and NAP (especially Artemisia) are recorded. A decrease
in the percentages of Pinus and Betula pubescens type and a
strong increase in the NAP percentages (e.g. Artemisia, Rumex,
Plantago maritima type), shrubs (Betula nana, Juniperus) and
Ericales (Calluna, Empetrum) suggest the start of the Younger
Dryas biozone. Within the Younger Dryas spectra a subdivision
can be made. During the early Younger Dryas, maximal values
are recorded of Potamogeton and algae (Pediastrum, Spirogyra).
This is followed during the late Younger Dryas by an increase

https://doi.org/10.1017/S0016774600024057 Published online by Cambridge University Press
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in the values of Myriophyllum spicatum and herbaceous taxa
such as Chenopodiaceae and Seseli. The Younger Dryas/
Preboreal transition is marked by a strong increase in the AP
values, a decrease in the Artemisia values, and the disap-
pearance of Juniperus, Betula nana type and Empetrum nigrum.
High pollen percentages of Pinus and Betula characterise the
Preboreal spectra and two marked peaks in the Betula values
are recorded. During the late Preboreal, Corylus (hazel) appears.
The values of Corylus strongly increase at the transition to the
Boreal biozone, while Quercus (oak) and Ulmus (elm) start to
show more continuous curves (compare Firbas, 1949, 1952).
However, Pinus remains dominant. Higher up in the diagram,
the presence of Fagus (beech) and Picea (fir) suggest corre-
lation with the Atlantic. Furthermore, pollen of Acer campestre
(maple) and Cerealia are present and high values of Pinus
pollen are recorded.

This is the oldest meander infill that was found, the channel
was probably abandoned during the Allergd.

Location Wasserbiblos (49°48'16"N; 8°31'42" E;
ca. 89.0 m a.s.l.) (Fig. 4)

The core was collected some 15 km southwest of Darmstadt
(Fig. 1). The basal organic channel fills (i.e. silty gyttja)
overly sand and gravels deposited in the active river channel.
Later calcareous gyttja was deposited, which is overlain by
peat. The pollen diagram (Dambeck & Bos, 2002) encompasses
the Younger Dryas to Atlantic biozones. In the pollen diagram
the immigration of various deciduous trees during the Holocene
can be followed. Based on the relatively high percentages of
NAP and Pinus and the presence of typical Lateglacial taxa the
basal sediments are correlated with the Younger Dryas. Similar
to the Dornheimer Lache diagram (Fig. 3), a subdivision of the
Younger Dryas biozone is based on the presence of aquatic
taxa and fluvial transported pollen. During the early Younger
Dryas, high values of Potamogeton and fluvial transported
pollen are recorded. This is followed during the late Younger
Dryas by an increase in the Myriophyllum spicatum values and
a decrease in the values of Potamogeton and fluvial transported
pollen. The Lateglacial/Holocene transition is characterised by
an increase in the AP percentages and a lithological change
from minerogenic to organic deposits. During the Preboreal
relatively high values of Pinus and Betula pubescens type are
recorded. A single peak in the Betula values is recorded during
the late Preboreal, with a radiocarbon date of 9300 + 240 BP
just above this peak. The start of the Boreal biozone is
characterised by the expansion of Corylus, which became
dominant during the Boreal. This is followed by Ulmus, Quercus
and around 8260 + 110 BP also by Tilia (Tables 2, 3). Based on
the first appearance of Fagus, high values of Quercus and
Corylus and a radiocarbon date of 3310 + 90 BP the top part of
the diagram was initially correlated with the Subboreal biozone
(Dambeck & Bos, 2002). However, there are a number of
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Table 2. Radiocarbon dates (AMS) from the northern Upper Rhine Graben. For calibration, the CALIB 5.0.2 program (Stuiver and Reimer, 1993) and
INTCALO4 calibration curve (Reimer et al., 2004) is used. Laboratory No.: Utc. - van der Graaf Laboratory, Utrecht, the Netherlands; KI — Leibniz-Labor

Christian Albrechts Universitat, Kiel, Germany; KN - Radiocarbon Laboratory, Cologne, Germany.

Locality Depth (cm) Lab. no. Age 14C BP Age cal BP(10) Dated material  8!3C values
Wasserbiblos 82.5-87.5 Utc.-9575 3310 + 90 3680-3440 seeds est. -28.0
Wasserbiblos 140-145 Utc.-9576 8260 + 110 9410-9090 seeds est. -28.0
Wasserbiblos 232.5-235 Utc.-9577 9300 + 240 11,060-10,220 seeds est. -28.0
Farrenwiesengraben 74-81 Utc.-7693 8750 + 60 9890-9630 seeds -27.5
Farrenwiesengraben 79.5-82 Utc.-9370 8510 + 200 9770-9150 seeds est. -28.0
Grosses Bruch 145-155 Utc.-9371 9190 + 100 10,490-10,250 seeds -29.6
Neuwiese 245-254.5 Utc.-10561 7790 + 60 8630-8450 seeds -29.2
Neuwiese 255.5-261 Utc.-10532 7650 + 70 8540-8390 seeds est. -28.0
Grosse Lache 135-144 Utc.-11382 2880 + 70 3140-2890 seeds -28.5
Grosse Lache* 142-150 KN-3442 4500 + 320 5590-4730 sediment

corrected: corrected:

3300 + 320 3970-3080
Grosse Lache 144-157 Utc.-11383 5320 + 110 6270-5950 seeds -25.5
Grosse Lache 161-185 Utc.-11384 5800 + 240 6880-6320 seeds est. -28.0
Grosse Lache 185-190 Utc.-11393 5352 + 39 6260-6020 seeds -28.8
Grosse Lache* 334-350 KI- 2425 6900 + 100 7840-7630 sediment

corrected: corrected:

5700 + 100 6630-6400
Grosse Lache* 365-375 KN-3444 8000 + 1000 10,190-7850 sediment

corrected: corrected:

6800 + 1000 8700-6470
Grosse Lache 433-441 Utc.-11385 5800 + 220 6880-6320 seeds est. -28.0
Erlache 93-101 Utc.-9369 7750 + 110 8640-8410 seeds -24.9
Auf Esch 112-113 Utc.-10082 3050 + 50 3340-3210 seeds 275

*  The three sediment samples (i.e., calcareous gyttja) from the Grosse Lache core that were dated in the 1980’s are biased by a hard water effect. Corrected ages
for these samples are given in 14C years (= 14C sample age - 1200 years) and calendar years BP.

Depth/cm Age/Depth model Grosse Lache

1 Sigma (68,3)
50 [ | AMS dates from 2002
1 Sigma (68,3)

Bulk sample dates from 1985
100 (corrected)
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Fig. 3. Palynological diagram of the Dornheimer Lache sequence. Microfossils are displayed by curves with an exaggeration of 5x and given in percentages.
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Table 3. A chronostratigraphical framework for the vegetation development
and palaecenvironmental changes in the northern Upper Rhine Graben
was developed based on the available radiocarbon dates and age/depth
curve of the Grosse Lache sequence (Fig. 2). The calendar ages marked
with a number were adapted from the literature, i.e. Litt et al. (2003),
2Van der Plicht et al. (2004), 3Schweizer (2001) and “Van Geel et al.
(1996, 1998a). Trends in the pollen curves: 1 increase, { strong increase,

| decrease.

Trends in the pollen  |"“C Ages| Ages Biostratigraphy
curves (yr BP) | cal BP (Firbas, 1949)
IX Subatlantic
NAP'T, Cerealial 4 ?
Fagus' 2750
g Sy Vill | Subboreal
Quercus', Fagus! | 3300 6200
Alnus', Umus! o0 Wi
iAW el = === 300 S Atlantic
4 VI
Quercust, Tilat | =l G
Ulmus", Corylus! Vb
Tilia",Corylus®-|- 8260 - 9250 ----1 Boreal
i 1 8600 Va
orylusil, Quercust L g400— 10300
Ulmus' s Pinus) s
Betulat - 2302 L 112507 -~~~ Preboreal
1V
NAP (Artemisia)l 1 g
. 11590
Juniperus, Betula nana = Younger
NAP (Artemisia)! B Eanl Dryas
Juniperus, Betula nana’
1l Allerod

features that indicate correlation with the Atlantic biozone
(Kalis & Schweizer, 2002). In comparison with other nearby
situated pollen diagrams (Figs 3 and 5), the pollen values of
Pinus, Tilia and Alnus are too high, while those for Fagus and
NAP are too low to correlate with the Subboreal biozone.
Quercus becomes dominant during the Atlantic biozone.

This channel must have been abandoned during the Younger
Dryas.

Location Auf Esch (49°54'03" N; 8°28'44" E;
ca. 87.0 m a.s.l.) (Fig. 5)

The core was taken from an excavation trench ca. 4 km north
of the location Dornheimer Lache (Fig. 1). The basal sediments
consist of mainly sands and gravels and are overlain by peat.
Higher up in the sequence, the peat deposits alternate with
organoclastic channel fills. The sequence is overlain by a Roman
cultural layer and colluvium. The basal part of the pollen
diagram (Sojka, 2002) shows relatively high percentages of
Artemisia and Pinus, and low percentages of Betula pubescens
type and B. nana type pollen and is interpreted as a Younger
Dryas/Preboreal transitional zone. A decrease in the Artemisia
values marks the definite start of the Preboreal. In the
Preboreal biozone a single Betula peak is recorded. A sudden
increase of the Corylus, Quercus, Ulmus and Tilia pollen values
suggests that the early Boreal is absent. The first pollen grains
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of Fagus and Picea further up in the sequence correlate with
the Atlantic biozone. Similar to the nearby Dornheimer Lache,
Pinus remains dominant during the Boreal and Atlantic,
Between the Atlantic and Subboreal biozones a small hiatus is
present at the overlap between two successive boxes. A strong
increase in the Quercus, Fagus and Alnus glutinosa type pollen
percentages marks the start of the Subboreal biozone. Higher
up in the core there is a 14C date of 3050 + 50 BP (Tables 2, 3).
The following Subatlantic biozone (pre-Roman Iron Age phase)
is characterised by a strong increase in the NAP and Poaceae
values and relatively high values of Fagus.

This channel was probably abandoned at the Younger Dryas/

Preboreal transition.

Location Grosses Bruch (49°53'48" N; 8°29'18" E;
ca. 86.5 m a.s.l.) (Fig. 6)

The core was collected from the same channel as the Auf Esch
sequence, only 1.5 km more to the southeast (Fig. 1). The
channel was filled-in with peat. The relatively high NAP
values and presence of typical Lateglacial taxa in the basal
sandy peat deposits suggest correlation with the Younger Dryas
biozone. However, these taxa also may have been redeposited
during the Preboreal as more upwards high AP values (Pinus
and Betula) and low values of Corylus suggest correlation with
the late Preboreal. The uppermost spectrum shows increasing
values of Corylus, Ulmus and Quercus and the C date of 9190
+ 100 BP at this level gives an accurate age for the Preboreal/
Boreal transition (Tables 2, 3).

This channel was probably abandoned at the Younger Dryas/
Preboreal transition.

Rhine area

Location Bobstadt (49°40'02" N; 8°27'16" E;
ca. 89.5 ma.s.l.) (Fig. 7)

The core was collected from an early palacomeander of the
oldest meander generation (Fig. 1), ca. 9 km northeast of
Worms. The channel was filled-in with organoclastic channel
fills (i.e. clayey silts). The base of the channel has not been
reached; therefore the channel abandonment could not be
dated precisely. The pollen diagram (Dambeck & Bos, 2002)
represents the transition from late Preboreal (i.e. relatively
high values of NAP and Pinus, low percentages of Corylus and
Ulmus) to early Boreal biozones (i.e. increasing percentages of
Corylus and Ulmus and appearance of Quercus). Pollen of Alnus
glutinosa type (includes both A. glutinosa and A. incana) is
recorded occasionally. Based on their pollen morphology (e.g.
ectoaperture circular to broadly elliptic, protruding aspides
and angular outline in polar view, see Blackmore et al., 2003)
these pollen grains could be identified as A. incana (grey alder).
This channel was abandoned prior to the late Preboreal.

Geosciences

Geologie en Mijnbouw | 87 - 1 | 2008



https://doi.org/10.1017/S0016774600024057

P
© ('/‘79 26
E s,
o %
©
5
o
< \ & )
(75 »

Wetland taxa

o
m
o
wn
+
(=)
w0
(=)
]
. = , —
| Pl l: H | e @
o lanl | : | = 183
= | | o = |
= S | = ' o > cC
o -—
T R § 88
SRS SR 8 18w
CLa I BT SR c (28
0 o | | > ' > > n= 6
X = | i = 10 o
= ! 1> 8
| | ' ] o
L [ [

Upl

Trees and shrubs
C,
&

20 20 20 40 60 80 100

20 40 60 80 100

) o,
0,,. O
1@0/0‘7'0
"y,
g
=]
o
el
£y
£ 0 s,
[Z] Q
w o S
S @ S A e
<23 %,
BEE
28 g
© o))
S8 e
7= (3]
Netherlands Journal of Geosciences — Geologie en Mijnbouw | 87 = 1 | 2008

https://doi.org/10.1017/50016774600024057 Published online by Cambridge University Press

Analysis: K. Sojka, 2001

peat organoclastic sand &

gravel

channel fill

“v
S
3
S
=
o
W
3
S
9
s
£
&
o
=
S
o
)
()
=
S
o
2
~
“
Y
>
=1
S
=
73
o
©
)
Q
S
(=
)
=
o>
=
(=
(=1
X
v
S
I
Re)
=
S
Y
(S))
()]
5
<=
S
=
4
=
“
v
S
~1
o
2
=
=2
=
Q
2
=
)
®
oS
]
3
3
S
P
.2
=
[\
o
<
Y
=}
o
)
“wv
o=
S
w
=
=G
)
=
s
S
IS
j=]
~
>
S
o
s
j=1
9
>
S
j=)
=
=
S
Q
'
S
w


https://doi.org/10.1017/S0016774600024057

Location Farrenwiesengraben (49°40'00" N; 8°30'30" E;
ca. 90.0 m a.s.l.) (Fig. 8)

The core was collected from a younger channel of the same
(i.e. oldest) meander generation as Bobstadt channel, ca. 4 km
east of Bobstadt (Fig. 1). The sediment sequence shows sand
and gravels overlain by organoclastic channel fills and peat.
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The pollen diagram (Dambeck & Bos, 2002) shows a typical
Boreal pollen spectrum with high percentages of arboreal
pollen, especially Corylus and Pinus. Quercus, Ulmus and Alnus
glutinosa type pollen (i.e. Alnus incana) are present with
continuous curves. Furthermore, high percentages of Poaceae
(grasses) and Cyperaceae (sedges) are recorded. At the top of the
diagram relatively high values of Corylus are recorded, which
are dated around 8750 + 60 BP and 8510 + 200 BP (Tables 2, 3).

This channel was probably abandoned during the early
Boreal.

Location Erlache (49°37'00" N; 8°28'11" E;
ca. 90.5 m a.s.l.) (Fig. 9)

The core was collected from another channel of the oldest
meander generation directly north of Lampertheim (Fig. 1). It
is the most southern sequence. The basal channel fills consist
of sands, overlain by gyttja and peat. In the lower part of the
pollen diagram the immigration of Tilia is recorded. This, in
combination with the relatively high values of Corylus, Quercus
and Ulmus pollen and low values of Pinus, suggests correlation
with the middle Boreal. Furthermore, relatively high values of
Alnus glutinosa type pollen were recorded in the lower five
spectra. The morphology of the pollen grains suggests local
presence of A. incana. Corylus reaches maximal values during
the late Boreal. In the upper part of the diagram, the pollen
values of Quercus, Alnus glutinosa type, Tilia and Pinus increase,
while Corylus decreases. These are the typical characteristics
for the start of the Atlantic biozone (VI, Firbas, 1949), which
is dated by a radiocarbon date at 7750 + 110 BP (Tables 2, 3).
The shape of the pollen grains (e.g. ectoaperture a narrow
colpus, relatively low aspides and slightly angular outline in
polar view, see Blackmore et al., 2003) suggests local presence
of Alnus glutinosa.

This channel was probably abandoned during the middle
Boreal.

Location Neuwiese (49°42'24" N; 8°28'32" E;
ca. 89.0 m a.s.l.) (Fig. 10)

The core was also collected from a channel of the oldest meander
generation, ca. 15 km northeast of Worms (Fig. 1). The channel
was filled-in with organoclastic channel fills and gyttja,
overlying gravel and sand of the active channel. In the lower
spectra of the pollen diagram the late Boreal Corylus maximum
is recorded (compare Fig. 9). The start of the Atlantic is
characterised by an increase in the Quercus, Tilia and Ulmus
values, while those of Corylus decrease. Furthermore, the values
of Alnus glutinosa type and Poaceae pollen increase. The start
of the Atlantic (VI, Firbas, 1949) was dated by two radiocarbon
dates at 7650 + 70 BP and 7790 + 60 BP, which is approxi-
mately the same as in the Erlache diagram (Tables 2, 3).
This channel was abandoned during the late Boreal.
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Location Grosse Lache (Fig. 11)

The most detailed pollen diagram was obtained from a channel,
which was attributed first to the older meander generation
and was collected in 1983, at about 16 km west of Darmstadt
(Fig. 1). The basal channel fills consist of calcareous gyttja
overlain by organoclastic channel fills. Higher up in the
sequence gyttja is discontinuously overlain by peat. The lower
part of the pollen diagram (470 - 370 cm) shows relatively high
values of Corylus, Quercus, Tilia, Ulmus and Alnus glutinosa
type and can be correlated with the late Atlantic (VII, Firbas,
1949). The Fraxinus excelsior (ash) curve shows some distinct
fluctuations. Further upwards in the sequence (370 - 310 cm)
the Tilia and Corylus values decrease and values of Quercus
(ca. 30%!) increase. At ca. 170 cm the pollen diagram shows a
remarkable decrease in the Ulmus values. This marks the end
of the Atlantic. There is a number of radiocarbon dates present
from this sequence (Table 2). The AMS radiocarbon dates from
the late Atlantic vary between 5800 and 5300 BP (Fig. 11).
The age/depth curve of the Grosse Lache sequence gave a date
of 6200 cal BP for the Atlantic/Subboreal transition (Fig. 2).
Due to a hiatus at 153 cm, the Subboreal biozone is represented
by a few spectra only and therefore not interpreted. Above the
hiatus an 8 cm thick layer is present that consists of reworked
material. This is overlain by sediments that show high values
of NAP, Poaceae and Fagus pollen and can be correlated with
the Subatlantic biozone. The start of the Subatlantic was
dated at 2880 + 70 BP (Table 2). Dambeck (2005) demonstrated
that a calcic chernozem was present below the more recent top
layer (i.e. black clay). Both the buried soil and palynological
results indicate an Early Holocene age for the Grosse Lache
palaeomeander. This implies that the palaeomeander belongs
to the oldest meander generation in stead of the older meander
generation.

Abandonment of the river channel took place during the
middle Atlantic.
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Palaeoenvironmental reconstruction
| and discussion

Younger Dryas

The pollen diagrams from the Neckar river area (Table 1) show
relatively high percentages of pine (Pinus), birch (Betula) and
NAP, while typical Lateglacial heliophilous taxa (e.g. Betula
nana, Centaurea scabiosa, Dryas octopetala) are recorded. This
indicates that during this period the vegetation in the
northern Upper Rhine Graben was characterised by open pine
woodlands with locally birch stands and shrubs, such as dwarf
birch (Betula nana), juniper (Juniperus), willow (Salix) and sea
buckthorn (Hippophaé) (Fig. 12a). Similar to the southern
Upper Rhine valley (Holzer & Holzer, 1994; Schneider, 2000)
and to the Wetterau and the Amoneburger Becken (Bos, 1998,
2001) situated further north, our data confirm the suggestion
by Rothschild (1936) and Firbas (1952) that the Younger Dryas
climatic deterioration did not result in a complete deforestation
of the Upper Rhine Graben. From the Rhine area there are no
pollen diagrams reflecting the Younger Dryas period.
Furthermore, the higher values of herbs (especially
Artemisia) in the pollen diagram of the Dornheimer Lache are
probably related to the higher values of pine in the
Wasserbiblos pollen diagram. These suggest that open
herbaceous communities (indicative of more arid conditions)
had a larger abundance in the northeastern part of the
research area, while pine was more abundant in the south-
eastern part (around and south of Crumstadt). This regional
contrast in vegetation was probably caused by both the
presence of a large sand dune area in the northeastern part of
the research area (around and north of Darmstadt), as well as
the higher annual precipitation (>600 mm) received by the
southeast (compare Fig. 1). Also in the Wetterau, north of our
research area, the composition of the vegetation during the

1| 2008 747§
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Younger Dryas was influenced by variations in annual
precipitation and open herbaceous communities had a greater
abundance in the more arid areas of the northwestern
Wetterau (Bos, 1998, 2001). Both the Wetterau and upper
northern part of our research area climatologically belong to
the Rhine-Main region, therefore analogues in the vegetation
development of these areas can be expected.

Investigations by Rothschild (1936) suggested that the
abandonment of the Bergstrassen-Neckar probably occurred at
the end of the Lateglacial, before or during the pine-dominated
period (‘Kiefernzeit’, i.e. Preboreal). By applying pollen analysis
on the various residual channel fills of the Bergstrassen-
Neckar (e.g. Wasserbiblos, Auf Esch and Grosses Bruch, Fig. 1)
the timing of the complete abandonment of this river could be
determined. In the channel near Wasserbiblos initially slowly
streaming water was present during the mid-Younger Dryas,
but during the late Younger Dryas the water became stagnant
(Dambeck and Bos, 2002). In the residual channels near Auf
Esch and Grosses Bruch accumulation probably started at the
Younger Dryas/Preboreal transition and aquatic vegetation
developed with pondweed (Potamogeton) and whorl leaf
watermilfoil (Myriophyllum verticillatum). This suggests that
the complete abandonment of the Bergstrassen-Neckar
occurred at the Younger Dryas/Preboreal transition (Fig. 12a).

During the Lateglacial there were at least two meander
generations of the Bergstrassen-Neckar that based on different
channel dimensions (i.e. width, radius) morphologically can
be well distinguished from each other. The Dornheimer Lache
sequence reflects the older meander generation. This channel
bed was active from the early Lateglacial to the early Younger
Dryas. The Wasserbiblos channel probably belongs to the same
river course. The Dornheimer Lache channel, however, was
abandoned much earlier, during the Allered, the Wasserbiblos
channel during the mid-Younger Dryas. The Auf Esch and
Grosses Bruch sequences both reflect the youngest meander
generation, which became active during the early Younger
Dryas. This last Bergstrassen-Neckar bed is morphologically
well preserved and can be clearly separated from the channels
of older meandering phases.

Our records suggest a climatological subdivision of the
Younger Dryas period, into a humid first phase, followed by a
drier second phase. The Dornheimer Lache and Wasserbiblos
diagrams, both show maximal values of algae (i.e. Pediastrum,
Spirogyra) and pondweed (Potamogeton) during the early
Younger Dryas, which indicates higher water levels due to
wetter climatic conditions. During the following part, these
taxa were replaced by watermilfoil (Myriophyllum spicatum),
suggesting a lowering of the water table due to a drier
climate. Records of Chenopodiaceae and Seseli, indicative for
disturbed soils, point in the same direction. Moreover, during
the early Younger Dryas the Bergstrassen-Neckar channel near
Wasserbiblos was still active, but abandonment of this channel
followed during a phase with less fluvial dynamics, at the
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large European rivers showed a higher fluvial dynamics and a
shift to a braided river pattern, while during the drier second
part aeolian activity was increased and dune formation occurred
(Bohncke & Vandenberghe, 1991, Bohncke et al., 1993;
Vandenberghe, 1995). A more or less analogous development is
thus suggested for the northern Upper Rhine Graben. In contrast
to other regions, however, there is no evidence that the rivers
changed to a braided river pattern and the Bergstrassen-Neckar
and probably also the river Rhine continued meandering during
the Younger Dryas (Dambeck & Thiemeyer, 2002; Dambeck &
Bos, 2002; Dambeck, 2005; Fig. 12a). To some extent this may
be explained by the buffering effect the large Rhine river
system had against climate change. Moreover, the Younger
Dryas cooling did not lead to a complete deforestation of the
hinterland, i.e. in the southern part of the Upper Rhine Graben
and on the Swiss Plateau (compare Lotter et al., 1992; Holzer
& Holzer, 1994; Schneider, 2000) open pine forests remained
present. This may have prevented that thresholds for a shift
from a meandering system to a braided river pattern (e.g. soil
stability, sediment availability/delivery) were crossed.

|
,
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Preboreal

In the pollen diagrams of the Neckar area (Table 1) the start
of the Preboreal is characterised by an increase in AP values
(predominantly Pinus), while juniper (Juniperus), dwarf birch
(Betula nana), sea buckthorn (Hippophaé) and typical
Lateglacial heliophilous herbaceous taxa (e.q. Dryas octopetala,
Seseli libanotis type, Centaurea scabiosa) disappear. This
indicates that at the start of the Holocene pine woodlands
closed, while soils stabilised as a result of the increased
density of the vegetation cover (Fig. 12a). The relatively high
values of pine in the pollen records of the northeastern part
of the research area (i.e. Dornheimer Lache, Grosses Bruch and
Auf Esch) suggest that closed pine woodlands especially
inhabited the drier northeastern sand dune area.

In some residual channels of the Bergstrassen-Neckar the
Lateglacial/Holocene transition is characterised by a litho-
logical change from minerogenic to organic deposits. In the
abandoned channels aquatic vegetation developed dominated
by white water lily (Nymphaea alba), while towards the banks
bulrush (Typha), burreed (Sparganium) and sedges (Cyperaceae)
were present. During this period, the river Rhine continued to
meander, forming large meander loops, while on the river
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D oldest meander generation 11" cryogenetic structures

floodplains. The higher birch pollen values in the Wasserbiblos
I:] overbank fines (Lateglacial) = = Laacher See-Tephra diagram, however, indicate that birch stands were more abun-
D overbank fines (Lateglacial) . colliyitim dant in the southeastern part of the research area, which was

D dune sands

probably related to the higher precipitation received by that

gyttja (residual channels)
area (compare Fig. 1). In the Dornheimer Lache diagram two

l:] jouer ieqrace (lower level) . i peaks in the birch values are recorded, one during the early
D lower terrace (upper level) I:] youngest meander generation Preboreal and one during the late Preboreal (Fig. 3). The first
birch peak may be a local phenomenon. The second birch peak

vegetation of which the end is dated in the Wasserbiblos diagram to

Q alder ‘ hazel % pine s, shrubs 9300 + 240 BP - is also present at other localities (Figs. 3-5)
and is sometimes accompanied by a peak in the Artemisia

‘% oo ) juniper ’ poplar || | swamps values. Furthermore, it is shown in other pollen records of
& (AL 3 .
nearby areas: near Karlsruhe with approximately the same

date (Holzer & Holzer, 1994), in the northern Wetterau, the

ﬁ birch lime § viow i
Amoneburger Becken and the Lahn valley (Stobbe, 1996; Bos,
1998, 2001; Bos & Urz, 2003). In the Wetterau this peak is
* £ t oak dated to the 9600 - 9500 C plateau (Stobbe, 1996; Bos, 1998,
2001), which correlates well with results from the central Swiss
settlements plateau where a similar birch pollen peak and simultaneous

: o 518

o Ao e " sWphe  arable filds negative excursion in the 6'°0 values was dated f‘iround 9.500
@ BP (Lotter et al., 1992). It suggests an expansion of birch

stands over larger areas, i.e. on the central Swiss plateau and
Legend of Figure 12. on the river floodplains of south and central Germany, which
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can be a reflection of a short climatic oscillation during which
the climate was temporarily wetter. The birch peak may be
correlated with the so-called Preboreal oscillation or PBO
recorded in the Greenland ice-core records and north Atlantic
terrestrial records (Bjorck et al. 1996, 1997). Recently, however,
it was argued that the PBO in the ice-core records and PBO in
the north Atlantic terrestrial records do not reflect a single
climatic event, but had different timings and causes (Van der
Plicht et al., 2004; Bos et al., 2007). The PBO observed as a
negative excursion in the §!80 values of the Greenland ice-
core records, also called ice-core PBO (Bos et al., 2007), started
ca. 50 years after the termination of the Younger Dryas and
centres around 11,450 - 11,350 cal BP (Rasmussen et al., 2007).
It was probably caused by a large meltwater flux that resulted
in a temporary decrease of the thermohaline circulation in the
North Atlantic, causing a colder climate in Greenland (Bjérck
et al., 1996, 1997). The NW European terrestrial equivalent of
this cool climatic phase may have been dry and continental,
such as the Rammelbeek Phase in the Netherlands (Van Geel
et al., 1981; Van der Plicht et al., 2004). The PBO in the north
Atlantic terrestrial records (Bjorck et al., 1996, 1997), also
called terrestrial PBO, started around 11,250 cal BP and was
coeval with a sudden shift to a more humid climate (Van der
Plicht et al., 2004; Bos et al., 2007). It was suggested that it
was forced by a sudden decline in solar activity (Van der Plicht
et al., 2004).

Our first birch peak may be correlated with the ice-core PBO
in the Greenland ice-core records (compare Van der Plicht et al.,
2004, Bos et al., in press.) and with other climatic oscillations
described as the Rammelbeek phase in the Netherlands (Van
Geel et al., 1981) and the ‘youngest Dryas’ in northern Germany
(Behre, 1966, 1978). The second birch peak is contemporaneous
with the terrestrial PBO as recorded in the terrestrial records
of northwestern Europe (Bjorck et al., 1996, 1997) and on the
Swiss Plateau (Lotter et al., 1992). The expansion of birch
stands over larger areas in central Europe can be a reflection
of a shift to a more humid climate.

At the end of the Preboreal at ca. 9300 BP (10,600 cal BP),
hazel (Corylus) migrates into the Rhine and Neckar river valleys,
followed by oak (Quercus) and elm (Ulmus).

Boreal

During the Boreal the major expansion of hazel (Corylus) took
place. Hazel and pine (Pinus) may have grown together on the
river terraces and slopes of sand dunes forming open pine
forests and hazel scrub (Fig. 12a). As soon as hazel expanded
around 9100 BP (10,300 cal BP), differences in woodland
composition within the area become larger (sensu Bos, 2001).
Hazel reaches its maximum distribution during the Boreal
period, which is similar to the southern Upper Rhine Graben
(Schneider, 2000). In the southern part of the northern Upper
Rhine Graben, hazel almost completely replaced pine and
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became dominant, while in the northern part (north of
Crumstadt) low hazel pollen values are recorded and pine
remained dominant. This regional contrast in vegetation during
the Boreal was already described by Rothschild (1936) and
Firbas (1952) and can only partly be explained by the presence
of the large sand dune area in the northeastern part of the
research area (around and north of Darmstadt) where pine
may have been growing abundantly. Also the lower annual
precipitation received by that area (compare Fig. 1) will have
hampered the expansion of hazel, as hazel flourishes better in
areas with a higher annual precipitation (Firbas, 1949). In
some areas north of our research area, such as the Wetterau,
Amoneburger Becken and Lahn valley, the distribution of pine
and hazel was also controlled by differences in annual precipi-
tation (Stobbe, 1996; Bos, 1998, 2001; Schweizer, 2001; Bos
and Urz, 2003). Today these areas are situated in the one of
the driest parts of the Rhine-Main region, however, within this
region there are major differences. In the areas with higher
precipitation, i.e. the northeastern Wetterau (550 - 650 mm),
Amoneburger Becken (550 - 600 mm), Lahn valley (600 - 650
mm) and Vogelsberg (>1200 mm) hazel became dominant
during the Boreal (e.g. Stobbe, 1996; Schafer, 1996; Bos, 1998,
2001; Bos & Urz, 2003). However, in the Butzbacher Becken
(northwestern Wetterau)  situated on the lee-side of the
Rheinische Schiefergebirge - low precipitation values (<550
mm) led to a continued dominance of pine from the Boreal to
far into the Subboreal (e.g. Stobbe, 1996; Bos, 1998, 2001;
Schweizer, 2001).

During the Boreal also oak (Quercus), elm (Ulmus) and
around 8260 BP (9250 cal BP) lime (Tilia) immigrated. Mixed
deciduous woodlands with oak, elm and lime developed on the
river floodplains, while willow, birch and poplar fringed the
rivers and residual channels (Fig. 12a). During this period,
large parts of the river valleys were densely forested. Under
these closed deciduous woodlands pedogenesis of calcic
chernozems (Zakosek, 1962, 1991) took place (Dambeck & Bos,
2002). Meadows, often with stands of grey alder (Alnus incana)
occurred locally on the river floodplain of the Rhine, such as
near Farrenwiesengraben (Fig. 8). In the residual channels of
the Bergstrassen-Neckar the hydroseral succession continued
and swamp vegetation with reed taxa, sedges and ferns replaced
the aquatic vegetation. In newly formed residual channels of
the Rhine, aquatic vegetation was present with pondweed
(Potamogeton), white water lily (Nymphaea alba), water
crowfoot (Ranunculus subgenus Batrachium) and watermilfoil
(Myriophyllum spicatum), while a reed/sedge swamp vegetation
with ferns fringed the banks (Dambeck & Bos, 2002).

During the Boreal, the river Rhine continued its meandering
pattern and on the floodplain sandy silts and loams were
deposited (Dambeck & Thiemeyer, 2002; Dambeck & Bos, 2002)
(Fig. 12a). Most meanders formed during the Preboreal were
abandoned at the end of the Preboreal or during the early
Boreal, i.e. Bobstadt respectively Farrenwiesengraben (Fig. 1).
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The Farrenwiesen meander shows a very large radius and
channel width. During the late Preboreal to the middle Boreal
the radius of the channels increased when the Rhine migrated
laterally ca. 4 km eastward. The meanders that developed
during the Boreal (Erlache, Neuwiese; Fig. 1) were of much
smaller magnitude (cf. Scharpff et al., 1977). During the Boreal
there is a gradual shift in the meandering pattern, which is
characterised by a decrease in radius and channel width and
the development of more single-thread channels (Dambeck &
Thiemeyer, 2002; Dambeck & Bos, 2002). The increased density
of the vegetation cover in our research area and in the hinter-
land of the river Rhine (compare Holzer & Holzer, 1994; Burga,
1988) and subsequent higher evapotranspiration probably
caused a lowering of the channel-forming discharge and river
activity in general.

Atlantic

At the start of the Atlantic period, ca. 7700 BP (8500 cal BP),
the river valleys of the northern Upper Rhine Graben were
densely forested. Lime (Tilia) became a more important element
in the woodlands and also ash (Fraxinus excelsior) and maple
(Acer campestre) appeared. On the river floodplains mixed
deciduous woodlands were present with elm (Ulmus), lime
(Tilia), hazel (Corylus) and oak (Quercus) (Fig. 12b). Lime and
hazel also could be found on the river terraces and pines
inhabited the sand dunes (Fig. 12b). In the south eastern part
of the research area, where the annual precipitation is >600 mm,
oak, often together with hazel, elm and lime, was dominant.
In the northwestern part, relatively high oak pollen values
were recorded during the late Atlantic (Fig. 11). This suggests
that the mixed deciduous woodlands in this part of the Rhine
river floodplain were dominated by oak. The dominance of oak
in these forests indicates that in this area the groundwater
level during summer was low (compare Ellenberg, 1996). In the
northeastern part (north of Crumstadt), pine remained the
dominant tree. Birch, willow and poplar (Populus) probably
fringed the rivers and residual channels. In the residual
channels of the Neckar, alder carrs with alder (Alnus glutinosa)
and ferns developed, while in those of the Rhine, the hydroseral
succession never reached the woodland stage (Fig. 12b).
During the Atlantic, human interference in the landscape
became an important new factor influencing the palaeoeco-
logical conditions, vegetation development and associated
fluvial processes. With the introduction of agriculture and
clearance of forests by Neolithic people, the impact on the
natural landscape increased. In the pollen diagrams repre-
senting this period, the increase of oak and decrease of hazel,
elm and lime points to openings in the forests, probably
caused by early farmers (Schweizer, 2005). The presence of
cereal pollen as a primary indicator for agriculture supports
this interpretation (Figs 3 and 5). Also the higher values of
ash (Fraxinus) in the Grosse Lache (Fig. 11) and Wasserbiblos

diagrams (Fig. 4) suggest human interference that could be
ascribed to the Early Neolithic (Kalis et al., 2003). The first
farmers of the Early Neolithic Linear Bandkeramik culture
reached the loess areas in central Germany around 7450 cal BP,
i.e. approximately two centuries earlier than on the rest of the
northern European mainland (Kalis et al., 2003). The Grosse
Lache diagram shows at the end of the Atlantic a pronounced
decrease in the Ulmus values, which was dated at 6200 cal BP
(Fig. 2). This elm-decline in the northern Upper Rhine area is
approximately synchronous with that of the adjacent Wetterau
(Stobbe, 1996).

The introduction of agriculture and clearing of forests by
Neolithic people during the Atlantic in south and central
Germany (e.g. Schneider, 2000; Kalis et al., 2003) probably
resulted in a reduction in the evapotranspiration and an
increase in the run-off. During the early Atlantic the river
Rhine initially maintained the same meandering pattern as
during the Boreal and overbank deposition of sandy silt and
loams continued (Dambeck & Thiemeyer, 2002). However, later
during the Atlantic there is a rapid change in the fluvial
system as the river Rhine changes to a new meander belt, the
older meander generation (Fig. 1). Related to this shift in river
pattern sedimentation patterns changed and deposition of
predominantly silty clays and clays, i.e., black clays, started
(Dambeck & Thiemeyer, 2002) (Fig. 12b).

Subboreal

During the Subboreal human impact increased and woodlands
thinned in the northern Upper Rhine Graben. The remaining
woodlands consisted mainly of oak (Quercus), lime (Tilia),
hazel (Corylus) and beech (Fagus) (Fig. 12b). Pine persisted in
the sand dune areas. On the river floodplains mixed deciduous
woodlands were partly replaced by meadows and fields (Fig.
12b). In some areas the clearing of forests by late Neolithic
people induced aeolian activity and translocation of dune
sands. This aeolian phase was dated at ca. 6000 cal BP
(Dambeck, 2005).

The river Rhine continued to develop the older meander belt,
which was characterised by larger meanders in the northern
part of the research area and more straightened river channels
in the southern part (Dambeck & Thiemeyer, 2002). In the
floodplain deposition of black clays continued (Fig. 12b).

Subatlantic

The Subboreal/Subatlantic (i.e. Bronze Age/Iron Age) transi-
tion was dated at 2750 BP (2800 cal BP) and was characterised
by an abrupt change from a relatively warm and continental
climate to cooler and wetter conditions (Van Geel et al., 1996,
1998a, b). This abrupt climate change was synchronous over
Europe and other continents and was forced by a decline in solar
activity (Kilian et al., 1995; Van Geel et al., 1996, 1998a, b).
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During the early Subatlantic human activity further
increased (Hermann & Jockenhgvel, 1990). The pollen diagrams
representing this period (Figs 5 and 11) show a strong increase
in the NAP and Cerealia pollen values, while typical anthro-
pogenic indicators such as rye (Secale cereale), narrowleaf
plantain (Plantago lanceolata) and cornflower (Centaurea
cyanus) are present. In the northern Upper Rhine Graben the
natural woodlands were largely replaced by meadows and fields
(Fig. 12b). The remaining woodlands consisted mainly of beech.
For a detailed palynological study in the Neckar area see Singer
(2004).

The wetter climate in combination with an enhanced defor-
estation and intense human activity (Iron Age agriculture)
caused instability of the soils and an increase in surface
erosion and run-off. Large amounts of waterlogged sediment
became available and in the valleys colluvial deposits
developed on a big scale (Fig. 12b). In the Rhine river valley,
at sites where the original soil was eroded, the expansion of
pine woodlands was favoured. Near the residual channels, wet
meadows replaced the existing alder carr vegetation. These
palaeoenvironmental changes caused a raise of the ground-
water level and in the residual channels aquatic vegetation
with pondweed and white water lily reappeared. A reed swamp
fringed the banks.

The river Rhine started to develop a new meander belt during
the early Subatlantic, i.e. the younger meander generation
(Fig. 1). This meander belt is in some parts of the river valley
characterised by very large meanders (resembling a cows head
or ‘Kithkopf’, Fig. 1). In other reaches a straightening of the
river channels and narrowing of the floodplain occurred
(Dambeck & Thiemeyer, 2002). The differential development in
various parts of the northern Upper Rhine river valley suggests
an independent development of these fluvial systems (sensu
Buch, 1988). Related to the shift to a new meander belt,
deposition of overbank sediments changed; deposition of
mainly clays that characterised the late Atlantic and Subboreal
ceased and shifted to deposition of predominantly silty sands
and sandy silts. This indicates a change in the fluvial morpho-
dynamics and sedimentological conditions. The change in
river pattern was probably induced both by the abrupt climate
change to a cooler, wetter climate at the Subboreal/Subatlantic
transition (Van Geel et al., 1996; 1998a, b) as well as by the
intensification of human impact during this period (Hermann
& Jockenhovel, 1990; Fetzer et al., 1995). As a consequence of
the wetter climate in Europe and deforestations in our research
area and hinterland (compare Burga, 1988; Lotter, 1999;
Schneider, 2000; Mackel et al., 2003), run-off was enhanced
and large amounts of waterlogged sediment flowed into the
river Rhine causing the change in the meandering pattern.
The effects of human impact were probably intensified by
superposition of climatic causes or vice versa.
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|£onclusions

In this paper the vegetation history of the northern Upper
Rhine Graben (southwestern Germany) during the past 13,000
years was reconstructed. During this period, the composition
of the woodland vegetation was mainly controlled by climate,
but especially during the Holocene, differences in substrate,
variations in annual precipitation and human impact also influ-
enced the composition of the natural woodland vegetation.
Analogous to adjacent lowland areas, the Younger Dryas
climatic deterioration did not result in a complete deforestation
of the area and open pine woodlands with locally birch stands
and shrubs persisted. Open herbaceous communities, however,
had a greater abundance in the sand dune area in the north-
eastern part of the research area, while pine was more
abundant in the southeastern part. A bipartition of the
Younger Dryas period into a humid first phase followed by a
dry second phase is suggested by our records. Pollen analysis
on different residual channel fills of the Bergstrassen-Neckar
revealed that complete abandonment of the river occurred at
the Younger Dryas/Preboreal transition. The river Rhine
probably continued meandering during the Younger Dryas.
During the early Preboreal, palaeoenvironmental conditions
stabilised; the research area became densely forested with pine
and soils developed. Closed pine woodlands especially inhabited
the drier northeastern sand dune area. Birch stands were more
abundant in the south eastern part, which was probably
related to the higher precipitation received by that area. The
start of the late Preboreal is characterised by a temporal
increase in the amount of birch stands on the river flood-
plains, which can be observed over larger areas in south and
central Germany. This oscillation is probably the reflection of
a sudden shift to a more humid climate and is contempora-
neous with the terrestrial Preboreal Oscillation as described in
many North Atlantic terrestrial records. Hazel migrates into
the Rhine and Neckar river valleys at the end of the Preboreal.
The major expansion of hazel, however, occurs during the
early Boreal. This was followed by oak, elm and later also by
lime. As soon as hazel expands, differences in the woodland
composition within the area become larger, i.e. in the southern
part of the research area, hazel becomes dominant, while pine
dominates the northern area far into the Subboreal. This can
be explained by the presence of large sand dune fields in the
northeastern part and by the lower annual precipitation that
hampered the expansion of hazel. During the Boreal and early
Atlantic, woodlands became denser and large parts of the river
valleys were forested with oak. The increased density of the
vegetation cover in the research area and Rhine hinterland
and higher evapotranspiration during the Boreal probably
caused a gradual shift in the Rhine meandering pattern. The
new meanders were characterised by a decrease in radius and
channel width and more single-thread channels developed.
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During the Atlantic, mixed deciduous woodlands with elm,
lime, hazel and oak were present in the floodplains of the
Rhine. The riverine forests of the Rhine were dominated by
oak, often together with hazel and elm. Alder carrs developed
in the residual channels of the Bergstrassen Neckar. On the
northeastern sand dune area pine remained dominant. From
the Atlantic onwards, the impact of man on the natural
landscape intensified with the introduction of agriculture and
animal husbandry. During the late Atlantic there is a rapid
change in the fluvial system as the river Rhine changes to a
new meander belt, i.e. older meander generation. Related to
this shift in river pattern, sedimentation patterns change and
deposition of the so-called black clays started.

During the Subboreal and Subatlantic, the mixed deciduous
woodlands in the river floodplains were almost completely
replaced by meadows and arable fields. The increased
deforestation and human agriculture in connection with the
abrupt shift to a wetter and cooler climate at the Subboreal/
Subatlantic transition probably caused instability of the soils
and an increase in the surface erosion. High amounts of
sediment became available and during the Subatlantic large-
scale colluvium deposition took place in the valleys.
Consequently a shift in the Rhine river pattern occurred and
the Rhine started to develop a new meander belt during the
early Subatlantic, i.e. younger meander generation. The shift
in river pattern was induced by the abrupt change to a cooler
and wetter climate in Europe as well by the intensification of
human activity (Iron Age agriculture).
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