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ABSTRACT

Holocene lake-level fluctuations in lake Seedorf are reconstructed using sedi-
ment and plant macrofossil analyses. A pattern of palacohydrological changes
from ca 10 000 to 2000 BP is established. Major increases in lake level oc-
curred at ca 8800-8100, 6700-6200, 4800-4300 and 2700-2200 BP, and a major
lake-level lowering developed at ca 6000 BP. The palacohydrological Seedorf
record presents strong similarities with other palaeoclimatic records from (1)
central Europe based on lake-level fluctuations, variations in river discharge,
glacier advances and tree-limit oscillations, and (2) Greenland based on GISP2
glaciochemical series. Thus, the palacohydrological changes at Seedorf sup-
port both the concepts of a climatic complexity and of a coupled cryosphere-
atmosphere system around the North Atlantic during the whole Holocene pe-
riod.

RESUME

Les fluctuations holocenes du niveau du lac de Seedorf sont reconstituées sur
la base de I'analyse de séquences sédimentaires et de macrorestes végétaux.
L’évolution paléohydrologique régionale a pu étre établie pour la période
10 000-2000 BP. Des hausses majeures du niveau du lac sont survenues vers
8800-8100, 6700-6200, 4800-4300 et 2700-2200 BP. et un abaissement pronon-
cé du plan d’eau est centré sur 6000 BP. La courbe paléohydrologique du lac
de Seedorf présente de fortes similitudes avec d’autres enregistrements paléo-
climatiques obtenus (1) en Europe centrale a partir de I'étude des fluctuations
des plans d’eau, des variations du débit des rivieres, des avancées des glaciers
et des oscillations de la limite forestiere. ou encore (2) au Groenland a partir
de I'analyse chimique des glaces du sondage GISP2. Ainsi, les changements
paléohydrologiques reconstitués au lac de Seedorf confortent I'idée de I'exis-
tence d'un systeme couplé cryosphere-atmosphéere dans la zone de I'Atlan-
tique Nord et d’une certaine complexité du climat tout au long de I'Holocene.

1. Introduction

Various palaeoenvironmental approaches have been used to
reconstruct Holocene climatic oscillations in central Europe,
such as timberline fluctuations, glacier advances and retreats
(Zoller 1977; Patzelt 1977; Burga & Perret 1997, Tinner et al.
1996), oxygen-isotope studies (Eicher 1979; Grafenstein et al.
1992), palaeohydrological oscillations inferred from variations
in river discharge or lake-level fluctuations (Harrisson et al.
1993; Magny & Ruffaldi 1995; Starkel et al. 1996). Due to the
controversial questions raised by the past environmental con-
ditions of the neolithic and Bronze Age lake-shore settle-
ments, and thanks to a large number of lacustrine basins, nu-
merous lake-level studies using various reconstruction meth-
ods have been performed on the Swiss Plateau since the pio-
nieer work of Liidi in 1935. We here present the reconstruction
of Holocene lake-level fluctuations at lake Seedorf inferred
mainly from sedimentological records and we refined the
palaeohydrological data from Seedorf previously reported by
Richoz et al. (1994), Richoz (1998) and Haas et al. (1998).

2. Site and methods

Lake Seedorf (National Map 1185-569,62/182,81) is located on
the southern Swiss Plateau at an altitude of 609 m (Fig. 1). Its
catchment area covers circa 5 km? and is surrounded by hills
varying between 650 and 750 m in altitude. The area is charac-
terized by molassic hills, morainic ridges and till deposits. The
present lake (ca, 14 ha) is the residual basin of a larger partly
overgrown lacustrine basin. It has three inlets and one oulet.
The remains of a Neolithic settlement of the “Cortaillod clas-
sic” culture (3900-3700 cal. BC) were found in the western
part of the basin (Richoz, 1998).

Two cores (S22 and S23, see Fig. 1) from the profundal
zone of the lake provided a detailed pollen record of Holocene
vegetation development filling a geographical gap in the distri-
bution of Holocene sites studied for palaecoecology on the
Swiss Plateau (Richoz 1998 ; Richoz et al. 1994). The lake-level
investigations were centred on the Neolithic site. The results
were based on sediment (cores S11, A7, A9, A9 bis and A11)
and plant macro-fossil (core S8) analyses of cores from two
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Fig. 1. A: geographical location of the lake Seedorf. S: Seedorf, W: Wallisel-
len-Langachermoos, L: Lobsigensee, Sp: Soppensee, M: Montilier.

B: location of core transects T1 and T2, and core stations S22 and S23 in the
lake.

transects crossing on the central part of the archaeological site
(Fig. 1). The sediment profiles presented in Figures 2 and 3
show that the Neolithic settlement was established on the ex-
tremity of a peninsula.

The reconstruction of past lake-levels from sediment analy-
ses refers to the method developed by Magny in the carbonate-
rich lacustrine infillings (Magny 1992a, b, in press). This
method is based on a study of the present-day deposits settling
in the Jura lakes. This study highlights two sediment character-
istics varying from the shore to the profundal zone in relation
to the increasing water depth:

- Lithology (lake marl, gyttja, peat...). Organic sediment
mostly appears to characterize shallow water, late stage of
filling up (shallow residual basin) or overgrowing phases.
Lake marl corresponds to deeper water.
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Tab. 1. Correlations of the local pollen assemblage zones (LPAZ) defined at
Seedorf with the LPAZ defined at Lobsigensee (Ammann 1989). the regional
pollen assemblage zones (RPAZ) defined on the Swiss Platcau (Ammann et
al. 1995). the RPAZ defined by Lotter (in press) at Soppensee and the Firbas
zones.
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Fig. 2. Core transect T1. Transects T1 and T2 cross at S8 = A4. Broken lines indicate the archacological layer (anthropogenic remains dated at 3900-3700 BC by
tree-ring) and the Younger Dryas (YD)/Preboreal (PB) transition.
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Fig. 3. Core transect T2. Transects T1 and T2 cross at S8 = A4. Bold characters indicate the analysed cores.
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Fig. 4. Simplified pollen diagram from core S23. Peaks of Betula, Fagus sylvatica and Abies alba, and minimums of Ulmus, Tilia and Fraxinus excelsior are marked
respectively B1, F1, Al, Ul, T1 and FI1. Pollen of Cyperaceae, aquatics and spores of Pteridophytes are excluded from the calculation sum. Black diamonds:
Corylus; black squares: Quercetum mixtum; open squares: Alnus.
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Macroscopic components of lake marl. The coarser frac-
tions (larger than 0,2 mm) of lacustrine chalk are mainly
composed of carbonate concretions of biochemical origin
(Magny 1992b), plant remains and mollusc tests. The car-
bonate concretions divide into several morphotypes each
showing a specific spatial distribution from the shore to the
profundal zone: oncolites characterize nearshore areas,
cauliflower-like forms dominate the littoral platform, plate-
like and tube-like forms chiefly develop on the platform
slope (deeper water). The reconstruction of changes in
water depth is never based on the predominance of a single
morphotype, but on temporal sequences showing changes
in the relative development of all morphotypes. Vegetal
components include plant macrofossils orginating from the
lake (aquatic plants) or from the shore (terrestrial plants).
Their frequency and that of the mollusc remains increase in
the nearshore areas (Magny 1992 b). In the sediment analy-
sis, the mollusc remains are considered not as biological de-
scriptors but as sedimentological markers.

The plant macrofossil analysis refers to the method developed
by Digerfeldt (1986).

The chronology is based on a combination from :

AMS radiocarbon dates. Unfortunately, only four dates
among the 17 attempted AMS datings provided coherent
results (Richoz 1998) (Tab. 1).

Correlation with tree-ring dates. The available tree-ring
dates obtained from near lake-shore archaeological sites
place the so-called “Cortaillod classic” culture at ca. 3900—
3700 cal. BC (Voruz 1995) which corresponds to palyno-
stratigraphical features.

Pollen stratigraphical correlation with other sites on the
Swiss Plateau. Figure 4 presents the reference pollen dia-
gram obtained from core 23 and the local pollen assem-
blage zones (LPAZ) distinguished at Seedorf. Richoz
(1998) discussed in detail the correlations of these LPAZ
with those defined by several authors on the Swiss Plateau
(Ammann 1989; Ammann et al. 1995; Lotter in press)
(Tab. 1). The pollen diagrams which permitted the pollen
zonation of the sediment diagrams are presented in Richoz
(1998). The age of the Firbas zone boundaries follows the
proposal of Ammann (1989) except for the limit VII-VIII.
The Holocene vegetation history can be summarized as fol-
lows.

Preboreal: 10 000-9500 BP (LPAZ 1). This period is cha-
racterized by an open Betula-Pinus forest with birch domi-
nant. Heliophilous taxa such as Populus, Juniperus and Ar-
temisia are well developed. Mesophilous taxa such as
Corylus, Quercus, Ulmus and Alnus start to invade the area
(empirical limits).

Boreal: 9500-8000 BP (LPAZ 2). The development of the
mesophilous forest, where Corylus is dominant, occurs to

the detriment of the pioneering Betula-Pinus forest.
Corylus, Quercus, Ulmus (rational limits) and Tilia (empi-
rical limits) expand in the first part of the period while Fra-
xinus and Acer (empirical limits) in the second part. Simul-
taneously the thermophilous taxa Hedera and Viscum ex-
pand.

Older Atlantic: 8000-6000 BP (LPAZ 3a-3b). With the de-
velopment of Fraxinus principally, Tilia and Acer, the
Quercetum mixtum forest (mixed oak forest) shows its ma-
ximum expansion and supersedes Corylus. The empirical
limits of Abies and Fagus occur in the subzone 3a. Viscum
presents its maximum percentages in subzone 3a. In subzo-
ne 3b Fagus presents its rational limit while Abies still
shows low values.

Younger Atlantic: 6000-5000 BP (LPAZ 4a—4b and 5al).
During this period a major change in the landscape occurs,
the Quercetum mixtum is replaced by a beech-fir forest.
Subzone 4a is characterized by the expansion of Fagus (F1)
and a decrease in Ulmus (U2), Tilia (T2) and Fraxinus
(FX2). The rational limit of Taxus (shade-tolerant species)
occurs at the beginning of this period whereas the values of
Hedera (light-demanding species) decrease. Subzone 4b
shows a sharp regression of Fagus, a decline in Ulmus (U3)
and Tilia (T3) while Corylus and Betula increase. At this
time, the first pollen of Cerealia appear in all the Seedorf
pollen diagrams. The sudden expansion of Alnus seems to
be metachronous and dependent on the local development
of the littoral vegetation (Bennett & Birks 1990). Fraxinus
remains well represented because it participates in the ri-
parial forest (Alno-Padion). Subzone 5al is defined by the
development of Betula (B1) followed by the expansion of
Fagus and Abies (rational limit). Abies has certainly rea-
ched the valley of Seedorf at this time. Ulmus (U4) and
Tilia (T4) are still declining.

Subboreal: 5000-2500 BP (LPAZ 5a2-5d and 6). The pic-
ture of the landscape is a beech-fir forest where Quercus is
still well represented. Peaks of Fagus (F2-F4) and Abies
(A1-A4) alternate with peaks of Betula (B3-B5) which
seem linked to deforestation cycles. At the transition to
zone 6, Abies and Taxus decrease abruptly whereas NAP
increase, specifically the anthropogenic taxa.

Older Subatlantic: 2500-1000 BP (LPAZ 7-9). The first
phase (LPAZ 7) is defined by a significant peak in Fagus
(F5) which is interpreted as a forest recolonization. The se-
cond phase (LPAZ 8) shows a sudden increase in Quercus,
Juniperus, Secale and NAP, a decrease in Alnus and Fraxi-
nus, and the first occurrence of Juglans. The third phase is
characterized by an abrupt decrease in Quercus, Juniperus
and NAP, and an increase in Betula, Alnus and Fraxinus.
The features of these three phases can be recognized in
other pollen diagrams of the Swiss Plateau (e.g. Hadorn
1987; Ammann 1989; Richoz & Gaillard 1989) and correla-
ted with the Iron Age (LPAZ 7), the Roman colonization
(LPAZ 8) and the Migration period (LPAZ 9) respective-

ly.
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3. Results

The sediment and plant macrofossil diagrams presented in Fig-
ures 5 to 10 lead to a definition of 14 successive lake-level peri-
ods as follows.

— Phase L1 : relative low lake-level recorded in core A7 (Fig.
S) and placed in the Preboreal (LPAZ 1). The small and
medium-size tube-like concretions are scarce.

— Phase H1 : high lake-level recorded in core A7 (Fig. 5) and
placed in the Boreal (LPAZ 2). Two successive high lake-
level events can be distinguished, the first one being of
smaller magnitude than the second. The curve of the medi-
um-size tube-like concretions shows a rather progressive

350 M. Magny & I. Richoz

increase suggesting a progressive rise in the lake-level. The
lithofacies and the plant macrofossils in core S8 (Fig. 10)
indicate that phase H1 ends at the LPAZ 2/3a transition.

Phases L 2 (low lake-level) and H 2 (high lake-level). The
Older Atlantic is not documented in the sedimentological
diagrams except for some samples of core S 11 covering its
final part. The plant macrofossil diagram of core S8 (Fig.
10) records it wholly although with a weak time resolution.
The beginning of the period is characterized by an abrupt
lowering that is well-marked by the sudden expansion of
Cladium mariscus and a change in the lithology. The wea-
ker time-resolution of the LPAZ 3a gives further support
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Fig. 6. Sediment diagram of core A9.

for a decrease in lake level. This lowering is followed by a
progressive rise in the lake-level highlighted by the decline
of Cladium mariscus and the expansion of Najas marina
and Schoenoplectus lacustris. These results appear to be co-
herent with the information given by the lower part of the
sedimentological diagram of core S11 (Fig. 9).

Phase L 3: low lake-level recorded in cores A7, A9 bis and
S11 (Fig. 5, 7 and 9) by a sediment hiatus in the nearshore
areas (cores A7 and A9 bis) and by changes in the lithology
and in the macroscopic components in the deeper water
areas (core S11). Abrupt changes in pollen percentages re-
corded in core S22 could also be associated with this event

(Richoz 1998). The sediment diagram of core S11 indicates
that this lowering overlapped the transition from LPAZ 3b
to LPAZ 4 a.

Phase H3 : high lake-level. This phase is best recorded in
core A9 bis (Fig. 7). There, it appears to be divided into
four events, the first still belonging to LPAZ 4 a and the
last preceding immediately the Cortaillod classic settle-
ment. The weak time-resolution of LPAZ 4 in core S8 (Fig.
10) suggests that this increase in lake level had a rather li-
mited magnitude.

Phase L 4 : low lake level recorded in cores A7, A9 bis, and
S11 (Fig. 5,7 and 9). This phase included the Neolithic sett-
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Fig. 7. Sediment diagram of core A9bis.

lement placed at ca. 3900-3700 cal. BC from indirect tree-
ring dates, or at ca. 5980-5650 cal. BP from an AMS radio-
carbon date (5085 + 75 BP). The upper part of the archaeo-
logical layer is radiocarbon dated at ca. 4590 + 75 BP (i.e.
55604990 cal. BP) in core A6. The first part of the calibra-
tion time-window appears to be the closest to the reality
by reference to the archaeological artefacts and their usual
tree-ring date (Voruz 1995). In core S8 (Fig. 10), phase L 4
is indicated by an increase in Typha, a decrease of Najas
marina (LPAZ 5al), and the replacement of Nymphea,
Typha and Schoenoplectus lacustris by Carex (LPAZ 5a2)
synchronous with the establishment of the Cortaillod site
(presence of Cerealia).

Phase H 4 : high lake-level recorded in cores A9 and S11.
The sedimentological diagram of core S11 highlights two
successive high lake-level events (Fig. 9). In core A9 (Fig.
6) this H 4 phase overlapps the final part of LPAZ 5 a 2
and LPAZ S5b.
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Phase L 5: low lake-level recorded in cores A9 (Fig. 6).
Phase H 5: high lake-level recorded in core A9 (Fig. 6). Its
beginning overlapped the final part of LPAZ 5 c and it is
also dated at ca. 4170 + 75 BP, i.e. 4860-4440 cal BP (Tab.
1). It covers the two first thirds of the LPAZ 5 d. The conti-
nuous presence of dulled concretions suggests a rather li-
mited increase in lake level.

Phase L 6: Low lake level recorded in cores A9 and All
(Fig. 6 and 8). The lowering is well marked in cores All,
A12 and A14 (Fig. 2) by an overgrowing peat layer.

Phase H 6: major high lake-level well recorded in core All
(Fig. 8). The rise of the water level began before the LPAZ
6/LPAZ 7 transition and led to the overlaying of the over-
growing peat (phase L 6) by lake-marl. A synchronous ero-
sion could also explain the disappearance of this overgro-
wing peat in cores A8, A9 and A10 (Fig. 2 and 6). The sedi-
mentological diagram of the core All clearly highlights
two successive high lake-level events, the first being of lar-
ger magnitude than the second.
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Fig. 8. Sediment diagram of core All.

- Phase L 7: low lake-level recorded in core All (Fig. 8).
This lowering developed as soon as the final part of LPAZ
7 and it overlapped the beginning of LPAZ 8.

The curve of Figure 11 presents a synthesis of the results.
Major rises in the water level developed at ca 8800-8100,
6700-6200, 4800—4300 and 2700-2200 BP. A major lowering
occurred at ca. 6000 BP. Thus, keeping in the mind that the
two last millennia are not documented by the analysed cores,
the Holocene period appears to be punctuated by an alterna-
tion of centennial to millennial-scale palacohydrological varia-
tions. The sediment profiles led to the reconstruction of low
frequency lake-level fluctuations due to a weaker time-resolu-
tion for the first half of Holocene. However, a higher time res-
olution for the period after 6000 BP provides a more detailed
picture of the past lake-level fluctuations.

4. Discussion

As illustrated in Figures 11 and 12, the palaeohydrological
phases reconstructed at lake Seedorf appears to be in agree-
ment with that established in the Jura using the same method
(Magny & Ruffaldi 1995). It also fits in with the palaeoclimatic
oscillations inferred from glaciers advances and tree-limit high
lake-level declines by Zoller (1977) and Burga & Perret (1997)
in the Swiss Alps and Patzelt (1977) in the Austrian Alps.
Thus, the high lake-level phases of Seedorf H1, H2, H3, H4,

HS and H6 correspond respectively to the cooling phases of
Oberhalbstein/Schams/Venediger, Misox/Frosnitz, Piora 1/
Rotmoos 1, Piora 2/Rotmoos 2, Lobben, and Goschenen 1.
They also coincide with the climatic coolings recently defined
by Haas et al. (1998) in central Europe, i.e. the phases termed
CE 2,CE 4, CE 5, CE 6, CE 7 and CE 8. The phase H1 (=CE
2) also corresponds to (1) a high lake level identified from the
sediment profils of Erlach, lake Bielersee (Wohlfarth &
Schneider 1991), (2) a high lake-level reconstructed by Haas at
Wallisellen (Haas et al. 1998), and (3) a ca —1%o 8180 anomaly
at lake Gerzensee (Eicher 1979). The phases CE 1 (probably
an equivalent of the Preboreal oscillation) and CE 3 (probably
an equivalent of the 8200 yr event) do not appear to be record-
ed in the cores analysed at Seedorf whereas they were clearly
distinguishable at the palaeolake Le Locle, Swiss Jura (Magny
et al. 1998). Possible explanations for this can be found in (1)
the rather short duration of these events and (2) the weak
time-resolution of the sediment profiles studied for these peri-
ods. On the contrary, the core A9bis provides a detailed record
of the time span between 6000 and 5000 BP, i.e. the Younger
Atlantic (Firbas zone VII). The short but large increase in lake
level occurring during the final part of phase H3 has an equiv-
alent in sediment profiles from Concise, lake Neuchatel where
it developed between 5020+40 BP, i.e. 5905-5655 cal BP, and
4870+65 BP, i.e. 5715-5450 cal BP, from Montilier, lake Morat,
where it took place just before 3800 BC (Magny and Richoz,
unpublished data), and from lake Chalain, Jura, where it oc-
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Fig. 9. Sediment diagram of core S11.

curred immediately before the Younger Atlantic-Subboreal
transition (Magny 1997).

The general picture given by the magnitude of the lake-
level fluctuations at Seedorf (Fig. 11) appears to be coherent
with that of (1) the lake-level fluctuations in the Jura (Magny
in press) and (2) the variations in tree-limit in the Swiss Alps
such as reconstructed by Burga & Perret (1997). Thus, major
cooling events marked by more durable and higher lake-levels
at lake Seedorf, or longer and lower tree-limits in the Swiss
Alps culminated at circa 8500, 6500, 4700/4500 and 2700/2500
BP. Moreover, the major lowering of lake Seedorf at 6000 BP
has several equivalents in other lakes of the Swiss Plateau
(Ammann 1989 ; Wohlfarth & Ammann 1991 ; Wohlfarth
1993) and the Jura (Magny et al. 1998). This event often
marked by sedimentation hiatuses in the nearshore areas was
also recognized at Montilier, Murtensee, where it is dated at ca
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580045 BP (Magny and Richoz, unpublished data). Well
marked (hiatuses) lake-level lowerings were also identified on
the Swiss Plateau at the beginning of the Holocene (ca 10 000
BP), during the first half of the middle Atlantic (ca 8000-7000
BP) and in the middle part of the Subboreal (ca 3500 BP)
(Ammann 1975 ; Wohlfarth & Schneider 1991: Wohlfarth et al.
1993).

Furthermore, glacial advances dated at ca 4500 and 2500
BP on Spitzbergen (Svendsen & Mangerud 1997) and at ca
4600 BP on James Ross Island, Antarctic Peninsula (Hjort et
al. 1997) suggest a more global significance of the palaeocli-
matic Seedorf record. It is also noteworthy that the major high
lake-level culminating at ca 8500, 6500, 4700—4500 and 2700-
2500 BP at lake Seedorf coincides with phases of reinforced
Polar Circulation Index over the Greenland area evidenced by
Mayewski et al. (1997) from the GISP2 glaciochemical series
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Fig. 10. Plant macrofossil diagram of core S8 (= A4). The frequency is indica-
ted in seed number per 100 cm®.

and dated at ca 10 500-9000 cal. BP (i.e. ca 9500-8150 BP),
8000-7000 cal. BP (i.e. ca 7200-6100 BP), 50004500 cal. BP
(i.e. ca 4500-4000 BP) and 3200-2500 cal. BP (i.e. ca
3000-2500 BP). This coincidence during the Holocene be-
tween cooling phases over Northern high latitudes and the
major phases of cooler and wetter climate over European mid-
latitudes supports the general circulation pattern discussed by
Magny (1993).

Thus, by comparison with other continental records, the
palaeoclimatic pattern reconstructed at Seedorf testifies that
the whole Holocene was punctuated by successive century to
millennial-scale cooling events and that the Little Ice Age was
only the last one (Zoller 1977; Patzelt 1977; Burga & Perret
1997; Haas et al. 1998). It also helps to identify the palaeohy-
drological pattern associated with this alternation of warming
and cooling phases in the European mid-latitudes.

kyr BP

10 -

Fig. 11. Lake-level fluctuations at Seedorf from ca 10 000 to 2000 BP.
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Fig. 12. Comparison between lake-level fluctuations at Seedorf (see Figure
11) and (1) lake-level fluctuations reconstructed by Magny and Ruffaldi (1995)
in Jura and French Alps and (2) cold humid periods defined by Haas et al.
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at Seedorf. Moreover, phase HS at Seedorf appears to have begun earlier than
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