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Figure 11. - Sutz IV, core 2/7, simplified pollen diagram of the Middle and Late Holocene. See Fie 3 for the
location of the core and Fig. 8 for the legend.

O
LU
O

X
O
-a<

O O

< <
LU

<
UJ

o<
X
<

<
CO

9
X

UJ
Q

UJ
<
UJ
Ü<
CD

<

UJ
Q

UJ

<
LU
O
<
CO

oX

< 2Q LU

r- t-X X
3 <

89 • AP NAPI
93.5«

95,5 •

100 •

N
V-

~P 104 • HUMULUS/
CANNABIS T. 0.2Q

PQ

^ 108.5rv 10
-IIPPOPHAE 0,5

SB 110,5

Ç̂so

115 TRILETE 0,2

HIPPOPHAE 0.2
117

-RANGULA
ALNUS 0

VIBURNUM 1.2

121.5

123,5 VIT S 0.28c

128 POLYPODIUM
VULGARE 0.2

3RY0PTERIS
FILIX-MAS 0.2

130

8b

rRANGULA
ALNUS 0,2

134.5

136,5

137.5

-

8a

I139
'OLYPODIUM
VULGARE 0,2
TRILETE 0,2

140

141

VIBURNUM 0,3
HIPPOPHAE 0.6

143

144 VIBURNUM 0
SAMBUCUS 0

145

146 IS T. 0,26b
VIBURNUM 0,1
SAMBUCUS 0.1YA 147,5

149.5« VIBURNUM 0,36a

l!151

152 VISCUM 0.2OA
153

0.5 0.5 0.5 1

UJ
<
LU
Ü<X
LU
X>Ü

LU
Q

LU
O
O

O
X

<X
X
tin'-- ri
— UJ

5 << LU
O -Z.

<§x =J
CO X

CO

z
LU
_l
_J
Ox

<X
_l
<
Ü
O

CO
UJ

zo
Nl
CO

<
CO

X

THALICTRUM 0,3

LAMIACEAE 0,4
FILIPENDULA 0,4

MENTHA T. 0,2
RUBIACEAE 0,2

ANEMONE T.0,2
PEDIASTRUM 3x

POLYGONUM
CONVOLVULUS T. 0,2

SAXIFRAGA
OPPOSITIFOLIA T. 0,2

FILIPENDULA 0,2

SCROPHULARIACEAE 0,4
FILIPENDULA 0,9

CENTAUREA JACEA T. 0,2
CHENOPODIACEAE 0,2

J'
- 0,2 LAMIACEAE 0,2

US. 0.2
:AEd,2

PEDIASTRUM 1x
mm
TRIFOLIUM T. 0,2

FILIPENDULA 0,2

ONONIS T. 0.2 VALERIANA 0,4
PEDIASTRUM 1x

SCROPHULARIACEAE 0,2
FILIPENDULA 0,2 MENTHA T.0,2

CENTAUREA JACEA T. 0,2
ONONIS T. 0.2POTENTILLA T. 0,4
FILIPENDULA 0,2
DIPSACACEAE 0,2

CENTAUREA INDET. 0,2
ANEMONE T. 0,2 MENTHA T.0,2
POLYGONUM AVICULARE T. 0,2
CENTAUREA JACEA T. 0.2
SANGUISORBA OFFICINALIS 0,2
CHENOPODIACEAE 0,2
TRIFOLIUM T. 0,2 ONONIS T. 1

CENTAUREA INDET. 0,2
MENTHA T. 0,4 DIPSACACEAE 0.4

THALICTRUM 0,2 JASIONE 0,2

CENTAUREA JACEA T. 0,2
FILIPENDULA 0,2
LILIACEAE 0,2JASIONE 0,3
LYTHRUM 0,2 LOTUS 0,3

THALICTRUM 0.3
DIPSACACEAE 0,6

CENTAUREA JACEA T. 0,3
FILIPENDULA 0,5 LOTUS 0,3
;entaurea JÄCEA t. 0,2
FILIPENDULA 0.6ANEMONE T. 0,2|
THALICTRUM 0.2 f
MYRIOPHYLLUM SPICATUM 0,2

FILIPENDULA 0,6
TRIFOLIUM T. 0,6 LOTUS 0,3
SCROPHULARIACEAE 0,6
FILIPENDULA 0,6 MENTHA T 0,6
GENTIANA PNEUMONANTHET. 0,3
TRIFOLIUM T. 0.2FILIPENDULA 0,
MELAMPYfìUM 0.2 JASIONE 0 2

YRIpPHYLLUM SPICATUM 0.2
LIPENDULA 0.4ANEMONE T. 0.8|

CENTAUREA JACEA T. 0,3
FILIPENDULA 0,3 PEDIASTRUM 1jj|

MYRIOPHYLLUM SPIC/VERT. 0.2

¦ FILIPENDULA 0,3

-269

-411

-425

-363

-510

11

10

-243

-541

-485

-521

-418

-624

295

Sc

8b

8a

6b

SB

YA

OA



4 2 7.00 428.00 ALTITUDE

DEPTH (CM

STRATIGRAPHY

LOCAL PAZ

FIRBAS ZONES

• •••»•»•»»•»»•»> » •> mi » MS mmnm?!¦.¦• I

*¦¦¦¦*-*
*¦ t-V»'

*_j«
0) O)

u ty

ACER7\J VT7
rw FRAXINUS

TILIA

ULMUS

QUERCUS

^7 ^7 ^V |„CARPINUS
j^HEDERA

[„VISCUM
|„ JUNIPERUS

|„ HIPPOPHAE
I SALIX

r_7V \7
l7^ ^7 ^^

^" V \7~^7 ¦\ /V
fV XT^ZJ ^Z^ v^o

PINUS

Mir,
v ABIES

1 w^ i PICEA

"\7 v FAGUS

K innrrrrrr TTlTnTTTrm-m-rrT^„T^^-1TTTTTTTn>T-n 11 n 1111 ^rrrnvm 111 n 1111 T-rT^m-
\7 ?v r;\7 <=^7

lT\7 \V"
VIVACI

DSvn^7
S7

7^7̂
7V r7 ^T^ Ï7

^M~7 ^T^
r_7

^7 7
7

vvv \7 KP- i «

^__7 ^7 Ü7^
BPTTT^V77l—7

DDl^XD

CO

c
ri
<

ARTEMISIA
RUMEX sp.
CICHORIACEAE
ASTERACEAE
CARYOPHYLLACEAE
CEREALIAT.

ALLIUM
[„URTICA
|"CENTAUREA JACEA T.

APIACEAE
BRASSICACEAE
RANUNCULACEAE ind.

ROSACEAE ind.
FABACEAE ind.
FILIPENDULA
MENTHA T.

PTERIDIUM
POLY PODIUM VULG.

FILICINEAE ind.

~=\]j POTAMOGETON ind.
|" SPARGANIUM/TYPHA

VARIA
NDETEDERMINATA

i ii 11 m i i i

j3 wwNfoo) roN3 rococo w
ro-^iocorow-tœ oioo co
^j(Duroc9 au coroo o
s sterile

uiro -»tooi
o co <0toro

¦ i 111 i—i 1111 in—i—
ui cn uai cocowo) ui
Aoaooocno-^cn
O) (0 -»O-moM-1 ""I ¦ POLLEN SUM

-t JQ

i
a —
Tl p

(JO
(/1
c

5" N
-i
Er <
n n
Ef Ü
re

a K>

o

i
I?

m

o

Tl
03

p
o'
a
o
3-

426.45
J_

427.00

i::n: n:
ii.

ii :il::li:.n
11 : -11L -11 .ii

ii
ill

l i i i i i } i i i \ ii rrrrrrrili i i i i u inn iini.ii
-<

M
Ol

ir
li:

W roTvTröTöiö
io ro -* _i-»_L
io o u> oo ~-JO>

N5"föfo ro
co ro
-» CD *• w

• • • • •

^T^̂7
Tl
Tl

^7 T*
b

uiiLLi^ll-i^^AiiiiAlllI^
rTTTÏÏTïïmTlTTTTnaaUHÜPÜÜUttCLU. [ÜÜHUBBBIEriir

L
^7

S7 ^L

/
¦*a

"^L
L

n
I I I I I

CO UICO -.
ro ui

CO _t UI CO CO

0) O co ro io
« w en o -»

cn

ALTITUDE CD

C
H
NSTRATIGRAPHY

LOCAL PAZ <
FIRBAS ZONES

DEPTH (CM)
VISCUM

HEDERA

ACER

FRAXINUS

ULMUS

QUERCUS

TILIA

O
0D

m

c
co

o
o
30
-<
r-c
co

> "D

3 od >g oS m

> m

X
m
33

naSALIX

HIPPOPHAE

THALICTRUM

CHENOPODIACEAE

RUBIACEAE
ASTERACEAE

APIACEAE

ROSACEAE INDET.

FILIPENDULA

RANUNCULACEAE INDET.

POACEAE

VARIA

INDETERMINATA
Lui

POLLEN SUM

>
13
B

X

5' oSi£ r-

¦S 2
"S K

£i
eo 05
a' O

a rn
S o
3 rn

B —

s.
Co f?
R g
D Q

P. —
CO i

g
** 1

Si

co 1—1

en t.

¦
a

n 00

5' 1

B '

o g3

o ^
3 8
» 3
5.10
T1,-J

cfô »,

003
0 Cr:

00 EL

g. s

5

r
O

eaa
m

o

if
T]

®

Cu

BT

tsi

<D>

<
Ca
o'
Cu
n
c/-.

00
O.
S'
3ori
<s.

3

C
1-1

SL

C/5

00
O

vu
VO



I» *

&3

r-< §
o\ a)

Os O ift-tì ¦*
^ "1 •/->

i—1 m
o 8*oo
«2 o ë
<u 3 °°

O M

5 1*
tì 315 a
U5 eu =•
(U
O 5 H
g o to
<D

O i-I 3
uO _; *>

(ZI
(U 2JT3
(U s s
O <¦£

T3 B« u3 w E
ai Q 2>

cJ ¦<J

^r O
o ai PQ

—i rn "S S
g ai §¦3¦ J

«•seo <u
T3 se >^

t .a 5 9-

:> (L) S|
»

3
m O o

%™^J fu) > S
o«
Ö

o: cä i * <=-

il 8

ACoiogin >WM TU

il!
jnoioo Ë mmtÉ ^1S|u»fl a o
ts e lu co ^~

OJ w

Ç'
ta

o-
4
o- <> v>- O ¦o-

SS co
oK o-

Ä6o(OMiin .'««.'«'l'If«;
¦ 1

l<

il
jootoo *m^i^^^^^

_j siiun Q o m

E
|S B LU 428- 427-

s] n i * ¦o- O- o-*<>

5* COH

C5 U-

Aßoiomn il 1

»«l'i'l'l f i|> l;l Sii ilIli :/ì
jnoioo l illsiiun o O CÛ

| S 6 LU 428- OJ

z\

^; o

AA^

9

/\

s»

b> s

oJ

o

iti O-
¦G- -O-

4 i
o- ,— «3-

Grai size CS

Ä0oiotiin '/A i RUF!
ifflfi

inojOQ sssss N\\%^ ^^^
s nun Q o m

1 s e lu CO Is-
OJ OJ

««. <?-

H=^j OJ

¦o- i
_^____

4 o-
<»- »

ai u
ABoio^in

ï I 1 / ï

.,,Vi»,«,7 A
l.'.p 1 ' t.

II
l 1

Ì
1 i

j mm
nu

jnoioo El \\\\\\N«to« t=L_.
_j siiun o O ta

oS
Q-

ise lu 00
OJ

r-
OJ

CD
OJ

S?}1\ i> r^ i
=Hjì--==*ljì—-—=_

ci ^^

os u-

AßOlOUjin

i i i ii,- i i i,i,ii i i i i

l'r

ii: i'i
h.

M
1

1

1

11
i w

i'H;l'

m
UJ

inoioo ; Ém^ ^4 S
_l siiufl a O m

o
ce
LX

i s e lu
428- 427-

Si f
i¦o- *

as o m
A6otoy.in 8 fiiii 1 ¦

UJ inotoo r=il t^WW^1 ^^
-J simp o o co

O
LX
0_

iseui OJ

a
3 io o

^ 'S i>O .ti vi

es M R
¦ Cî M °T3 SV ^
o^ cuü ^^ cg a .es
=«13 &

< S'a

a fi
c u
U ,J o
E C >>

¦9 S" «'S

S S w 8
«Or r-^ fe

§«^°°
a-3 se
.S g 2

¦¦a

u cd
t» c V) vi

ci O

vi O

•Il
S §

u«.g

00 ID

o a-¦c h

1-1 au.2P
,2 O » D

• u o u* 8S - c)
oa S eH-O O U

SPS o cr

CD

LU

O
CC

a.

co

LU

o
CC

0.

X-i
o-o-o-C d) ¦—

Sj" O-
n iHiHM

1:1^Boiouin
m jii^^_^^jnopo

siun
Is-

is e uj c\

A

>

N

3f* en

M c
ta m
se ^,
P oSaIjWzo
Q E

.^«Z' u cJ3--'^ o -o
O u

^i^:
.c 3

BLQO

C .3A ^i u

« O
CL i-

^O SLOI oj
r- O-

fi*j
Ó teS b

00"
2 "O§2a 5
S;â
c« o

o o

C o
N 25
D 0

U T3

i,Ji

V o-<}- r—i <yC 0)
s.s «S* o

ilil« m Hl pii:i::::iLiXlîiiiîj i Tï 1<BO|OUin
l[ i|i Jl y LLÜ1 I

b^\\\^x\\\\\\\^^^jno|03

siun

se UJ

û-1
a- o- <3-

Grain
size CSiJ

^-
—

ABo|04in
io? '1 i

i ] m
i.I i

IMM

Ii1

Mi i-1
'ê

jnojoQ .mmm^s
simn nal o <

"|S 8 LU 428- 427-

Grain

size

CSiSGP

4
o- o-

•" —-,
\

¦IIIIIHIIIIII

A6o|0L|in
o

0 :«!?!•;« SIl 11 II

jij! f|S 1
0o»

1,1'MJSIii

km
jno|OQ S ^^^ ^^^

siiun Û o <
|se uj 428- 427-



Table 1. - Correlation of the Local Pollen Assemblage Zones (LPAZ) in Lake Biel with the Regional Pollen Assemblage Zones
proposed by AMMANN (1989) for the Swiss Plateau; the vegetational development is described in comparison with other studies in the
surroundings.

LOCAL POLLEN
ASSEMBLAGE ZONES
LAKE BIEL
(LPAZ)

Alnus - Corylus - 6b

Fagus - PAZ 6a

Mixed oak
forest - Abies -
Alnus - PAZ

4c
Mixed oak 4b
forest - Corylus - 4a
PAZ

Corylus - Ulmus 3
Quercus - PAZ

Pinus -
Betula -

Ttiermophilous •

PAZ

2c
2b
2a

1c
Pinus -

Betula - PAZ

REGIONAL POLLEN
ASSEMBLAGE ZONES
PROPOSED FOR THE SWISS
PLATEAU (AMMANN 1989,
table 17 and and 19)

VEGETATION DEVELOPMENT
(AMMANN 1989, MATTHEY
1958,1971,1988, WEGMUELLER
1966,1986)

FIRBAS ZONES
(BIOZONES)

TIMESCALE
14CyrsBP.

c
CO

c
to

Alnus - PAZ 11

Alnus - Corylus - 10
Betula - PAZ

FAGUS - (ABI
Corylus - mixed 9
oak forest - Alnus -
PAZ

ALNUS- PAZ
8c

Abies - PAZ 8b
8a

Cerealia Type - 7
Apophytes - PAZ

wide spread alder forests, recovering
of the mixed oak forest taxa

lowest values of mixed oak forest taxa

wide spread fir and spruce in
the Jura mountains; alder,
hazel, birch and mixed oak

forests fluctuate and are
important. During LPAZ 9 fir
looses ground,
decrease of human influence

mixed oak forests still subdominant,
decrease of Tilia and Ulmus
archaeological layers present?

first Cerealia in Lake Biel
decrease of the mixed oak forest taxa

QUERCETUM MIXTUM -

CORYLUS - PAZ

expansion of alder, spruce, fir,
birch, mixed oak forests are
still important

hazel decreases and mixed
oak forests increase. Spruce, fir and
birch immigrate to the Jura mountains
and to the Prealps

CORYLUS - QUERCETUM
MIXTUM-PAZ

hazel woods, mixed oak forests, ivy
and misteltoe are frequent, ash
and maple immigrate

PINUS - BETULA -

CORYLUS - PAZ

dense birch and pine forests,
local presence of buckthorne,
immigration of hazel, alder, oak,
elm and lime

PINUS - GRAMINEAE - NAP - PAZ wide spread and dense pine forests
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YOUNGER
ATLANTIC/

SUBBOREAL
TRANSITION
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Table 2. - Description of the different units and "cycles", the pollen significance and the depositional environment during the Late
Glacial and Holocene at Sutz.
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UNIT SEDIMENT DESCRIPTION
(se« FÌ3. 4, 5 and 13)

POLLEN SIGNIFICANCE
(SM Fig. 9,10,11)

DEPOSITIONAL ENVIRONMENT
HYDRODYNAMIC CONDITIONS

BIOZONES
(Firbas)

E
dark brown clayey silt with
abundant plant remains (seeds,
nuts, twigs, leaves), charcoal,
bone and ceramic fragments

erosion by
contemporary erosion and
reworking of the archaeological
sediments

SUBBOREAL

D
laminated light grey lake marl
with abundant plant and mollusc
remains, charcoal fragments on top

high values of Abies, Picea, Fagus;
low values of Ulmus, Tilia and Hedera

quiet, protected bays, low wave
energy

SUBBOREAL/
- coarse sand with plants & molluscs

• fine sand with oncoids, plants &
molluscs

- alternating layers of fine sand and
dayey silt

- clayey silt

fall of mixed oak taxa, rise of Alnus, first
peak of Fagus

Abies present; increasing values of
Fagus and Picea

A high wave energy

increasing wave energy

low wave energy

YOUNGER ATLANTIC
TRANSfTlON

cycle 1

OLDER ATLANTIC

- fine sand/coarse sand to gravel with
plants and molluscs

- alternating layers of fine sand (4cm
cycle 2 thick) and clayey silt (2cm thick), plants

and molluscs
- alternating fine sand and dayey silt

layers (each 2cm thick), plants, molluscs

no Fagus, Abies or Picea Î
high wave energy and erosion
of many older layers

low wave energy

- alternating layers of thick fine sand
cycle 3 (5cm) and thin clayey silt layers (2cm)

- alternating layers of fine sand and
dayey silt layers (each 5cm thick)

no pollen samples analysed
increasing wave energy

BOREAL

??BOREAL/PRE BOREAL

• fine sand alternating with dayey silt
(offshore) and coarse sand (onshore)

- light coloured lake marl with plants
and wood fragments

- light coloured take marl with organic
cycle 4 debris, carbonate concretions &

detrital clasts (Sutz IV, 2/7) and
alternating fine sand and clayey silt
(Sutz V, 3/4)

- light coloured lake marl with scarce
plant remains and mollusc debris

decrease of NAP spectra, Corylus and
other thermophilous taxa appear

increase of NAP percentages

dominance of Pinus over Betula

Î

Î

increased hydrodynamic conditions
and erosion of older layers

low hydrodynamic conditions,
protected environment

increased hydrodynamic conditions/
increased run off

PREBOREAL

YOUNGER DRYAS

low hydrodynamic conditions,
protected environment

- coarse sand with plant and wood
remains

cycle 5 - thick fine sand layers (5cm)
alternating with thin clayey silt
layers (2cm)

• thin fine sand layers (2cm) alternating
with thin dayey silt layers (2cm)

variety of NAP taxa and presence of
few helipohilous plants together with
Allerod spectra

no pollen samples analysed
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Figure 4.-Diagramme des concentrations absolues
itO.

Figure 5.-Diagramme de l'influence humaine
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Figure3.-Diagramme des pourcentages relatifs

Lac de Neuchâtel 429m NE77/1 Sonde Kullenberg ETH-Zürich 1977
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