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chronologies have been established for south-central E
u- 

A
B

ST
R

A
C

T
. 

H
olocene tree-ring 

rope covering the past 11,000 
Y

ears. T
he H

ohenheim
 absolute oak chronology extends to 

4089 B
C

. T
he 

4C
-calibrated m

id-H
olocene floating oak m

aster covers a 3181-Y
ear period from

 
ca 4045 to 7225 B

C
. T

he earliest w
ell-replicated floating oak m

aster (estim
ated calendar age 

7215 to 7825 B
C

) extends the E
uropean oak dendrochronologY

 back to B
oreal tim

es. 
Further extension of the H

olocene dendrochronolo 
has been achieved by subfossil oak 
' 

and pine trees from
 the R

hine, M
ain, and D

anube R
ivers. A

 774-Y
ear floating series of Prebo- 

real pine has been established. 
4C

 ages ran 
e from

 younger to older end 
from

 9200 to 9800 
B

P. W
ithin this series a m

ajor atm
ospheric 

4C
 variation is indicated, resulting in nearly con- 

stant 14C
 ages 

9600 
B

P 
over a period of 370 tree-rings. 

T
he E

uropean oak and pine tree-ring chronologies cover w
ithout m

ajor gaps the entire 
H

olocene epoch. B
ased on the length of the dendro-records, an approxim

ate solar year age of 
11,280 Y

ears is calculated for the H
olocene 

Pleistocene boundary. 
T

he Preboreal pine forests along the rivers w
ere replaced by m

ixed oak forests betw
een 

9200 and 8800 B
P. 

B
Y

 linking the earliest oak m
asters and the Preboreal pine series, the E

uro- 
pean dendrochronologY

 can be extended up to the end of L
ate G

lacial tim
es. 
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In 
1 982 w

e noticed an offset of 
0 Y

ears betw
een the tree-ring tim

e 
scale and the m

atching of its 14C
 variations to those of the B

ristlecone Pine 
B

ecker, 1983. 
In cooperation w

ith 
the B

elfast and C
ologne T

ree-R
ing 

L
aboratories, oak chronologies of N

orthern Ireland 
E

ngland, and north- 
em

 n and southern G
erm

any have been cross-m
atched over the first and sec- 

ond m
illenium

 B
C

. A
fter a correction of the H

ohenheim
 series at 500 B

C
 by 

1 Y
ears, the H

ohenheim
 and the B

elfast oak m
asters evidently cross-date 

continuously over their critical bridgings of the first m
illennium

 B
C

 
Pilcher 

et al 
1984). 

T
he H

ohenheim
 oak m

aster has been used for 14C
 studies carried out 

by various laboratories. L
a 

olla m
easurem

ents of the period A
D

 250 
to 

4000 B
C

 w
ere recently published 

L
inick 

Suess &
 B

ecker, 1985. H
igh-pre 

cision 14C
 m

easurem
ents for the period 

1 to 2000 B
C

 have been established 
by M

inze Stuiver of Seattle Stuiver et al 
1986. John V

ogel of Pretoria has 
carried out 

14C
 analyses of H

ohenheim
 oak sam

ples of the third m
illennium

 
B

C
 V

ogel et al 
1986. For the fourth m

illennium
 B

C
 

the G
roningen L

abo 
ratory has m

easured the 14C
 variation of the H

ohenheim
 N

eolithic oak m
as- 

ter de 
on 

1981 
de 

on 
B

ecker &
 M

ook 
1986). 

In addition to its use for 
14C

 calibration 
the H

ohenheim
 oak m

aster 
provides a solid base for dendro-dates of south-central E

uropean prehis 
tory. In cooperation w

ith the T
ree-R

ing L
aboratories at H

em
m

enhofen 
A

 B
illam

boz 
N

euchate1 
H

 E
gger 

&
 

P G
assm

ann 
, M

oudon 
A

 &
 C

hr 
O

rcel 
and Z

urich 
U

 R
uoff &

 cow
orkers 

m
ore than 130 prehistoric oak 

dw
elling settlem

ents have been dendro-dated 
B

ecker et al 
1985, B

illam
 - 

boz &
 B

ecker, 1985. T
he dendro-dated sites are located on lake shores and 

m
ires of eastern France w

estern and northern Sw
iss lakes L

ake B
odenSee , 

and southw
est G

erm
any. 

A
ccording to the dendro-dates, these dw

elling settlem
ents w

ere con- 
structed during N

eolithic and B
ronze A

ge tim
es beginning in the 38th and 

ending in the 9th century B
C

 T
able 1). T

hey confirm
 earlier 14C

 calibrations 
of N

eolithic dw
elling settlem

ents 
Fer 

son 
H

uber &
 Suess 

1966 
w

hich 
have been questioned by archaeologists for som

e tim
e. 
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Since 1982 the earlier floating m
id-H

olocene 
oak series 

D
on 

2
 

a
 u
8
 , 

M
ain 6/13, and M

ain 4/1 1 
B

ecker, 
1983 

have been linked together to 
yield a continuous 3181-Y

ear floating series. A
ccording to the 

14C
 calibra- 

tion of this sequence by the L
a 

olla L
aboratory, the series covers the 

period 4035 to 
215 B

C
 

L
inick, Suess &

 B
ecker, 1985. R

ecent m
easure- 

m
ents of Seattle and H

eidelberg confirm
 this calibration 

Stuiver et al 
1986, ; K

rom
er et al, 1986 

w
hich results in an extension beyond the B

ristle- 
cone Pine sequence of an additional 500 Y

ears. 
T

he H
ohenheim

 m
id-H

olocene oak m
aster consists of 266 individual 

oaks from
 the M

ain R
iver, and is replicated by 

2 additional oaks from
 the 

D
anube and R

hine R
ivers over 230 

Y
ears of the M

ain chronology. 
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H
olocene dendrochronolo 

'c extension w
as achieved by col- 

A
n E

arly 
lecting subfossil oaks from

 the E
arly B

oreal period. T
he oldest w

ell-repli- 
cated 
cated floating oak m

aster 
M

ain 9 
dates before the calibrated m

id-H
olo- 

cene 
g 

floating m
aster m

entioned above. A
 com

parison of the 14C
 ages of the 

end of the M
ain 9 series w

ith the beginning of the floating calibrated m
aster 

yields a calendar age of the series of 
2 15 to 

825 B
C

 
K

rom
er et al 

1986). 
T

he M
ain 9 series m

arks the end of w
ell-replicated oak chronologies, 

but som
e subfossil oaks are still older then the M

ain 9 series. A
ccording to 

conventional 
14ages, these earliest H

olocene oaks started to 
ow

 in the 
R

hine valley at 9200 B
P 

in the D
anube at 8890 B

P, M
ain and M

osel vall eY
s 

at 8860 B
P 

and the M
osel valley at 8800 B

P. T
he E

arl 
H

olocene D
anube, 

M
osel and M

ain R
egnitz series are replicated by 3 to 8 cross-dated individ- 

uals 
Fig 1). 
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W
e have sam

pled 128 pine trees (Pines sylvestris) deposited in fluvial 
gravels along the R

hine and D
anube R

ivers. "C
 dates show

 that the earliest 
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H
olocene T

ree-R
ing C

hronologies 

c1tided that rem
arkably low

 w
inter tem

peratures existed in south G
erm

an 
low

lands during Preboreal tim
es. 
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rY

as Sta- 
dials. T

his lack of evidence seem
s to indicate that the B

olling and A
llerod 

pine stands becam
e extinct during the clim
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Holocene Tree-Ring Chronologies 
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Fig 2. 14C ages vs ring numbers of the Preboreal pine series A and B-C. Both series are floating, therefore, the transition from A to B-C is not yet fixed dendroehronolo callY. ' 
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hronologies 

T
A

B
L
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D
endro-dates 

of 
N

eolithic and 
B

ronze A
ge 

dw
elling 

sites 
of eastern 

France 
Sw

itzerland 
and southw

est G
erm

any, derived by the T
ree-R

ing L
aboratories of 

H
em

m
enhofen>

 
N

euchatel, 
M

oudon 
and 

Z
urich 

by 
cross-dating 

w
ith 

the 
H

ohenheim
 oak m

aster 

R
egion 

D
endro-dated cultures 

SW
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L
ate 

E
nd of L

ate 
N

eolithic 
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eolithic 
3850-3650 B

C
 

(7) 
3590-3510 

(2) 
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ate 

N
eolithic 

3330-3260 sc 
W

 Sw
itzerland 

E
 France 

C
lassic 

L
ate 

C
ortaillod 

C
ortaillod 

3860-3680 B
C

 
(8) 

3630-3550 sc 
(5) 

3
2
9
0
-
2
9
8
0
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C
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itzerland 
Pfyn and 

C
ortaillod 

H
orgen 

3820 to 
3530 ac 
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3
2
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-
2
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7
0
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6
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N
eolithic 

B
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ge 
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(4) 

W
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itzerland 
&
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Saone-R
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civilization 
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(12) 
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T
he dendro-dates (approxim

ated to decennia) specify series of cutting dates, beginning 
g 

w
ith the earliest and ending w

ith the last dw
elling site of a culture w

ithin the region. D
endro- 

dates and their associations w
ith prehistoric cultures, as w

ell as archaeologic term
s, according 

to the contributions of A
 B

illam
boz, H

 E
gger and P G

assm
ann, A

 and C
 O

rcel, and U
 R

uoff in 
B

ecker et al (1985). T
he num

bers in parentheses are the num
bers of the dated sites. In m

ost 
cases each site contains several dendro-dated structures. 

'4c age (B
P) 

T
A

B
L

E
 2 

R
adiocarbon m

easurem
ents of tree rings of the 774-Y

ear Preboreal H
ohenheim

 
pine chronology. T

he data are listed from
 the oldest to the youngest ring of the 

floating series. 

H
D

-no. 
T

ree-ring no. 
H

D
-no. 

T
ree-ring no. 

'4C
 age (B

P) 

-
9
4
2
3
 

*
1
0
2
-
1
0
7
 

9684 
±

 40 
40 

-9424 
*106-111 

9850 
±

 40 
40 

-9427 
*107-117 

9781 
±

 40 
25 

-
8
6
5
7
 

*
1
1
7
-
1
2
7
 

9647 
±

 31 
20 

-8752 
*197-207 

9560 
±

 31 
40 

-
8
6
5
6
 

2
0
0
-
2
0
6
 

9532 
±

 30 
40 

-9428 
*201-209 

9564 
±

 22 
34 

-8753 
*211-222 

9628 
±

 35 
t 34 

-9449 
*284-286 

9612 ±
 

31 
40 

-9466 
*293-306 

9644 ±
 

29 
34 

-
9
2
8
0
 

*
3
0
8
-
3
1
2
 

9687 ±
 

32 
34 

-
9
0
6
5
 

3
0
4
-
3
1
2
 

9627 ±
 

24 
25 

-
9
0
7
5
 

3
2
9
-
3
3
2
 

9616 ±
 

26 
t 20 

-
9
0
7
6
 

3
4
4
-
3
4
7
 

9676 ±
 

26 
34 

-
9
0
8
7
 

3
4
9
-
3
5
2
 

9618 ±
 

22 
24 

-8806 
351-360 

9712 ±
 

31 
20 

-8826 
366-369 

9603 ±
 

23 
27 

-
7
6
2
3
 

*377-385 
9468 ±

 
40 

34 
-8835 

381-384 
9576 ±

 
20 

26 
-8836 

396-399 
9601 

±
 

20 
34 

-8867 
401-404 

9609 ±
 

20 
25 

-
7
5
7
2
 

*413-423 
9507 t 40 

20 
-8795 

*421-429 
9611 

±
 

25 
25 

-
8
8
6
8
 

4
2
6
-
4
2
9
 

9557 ±
 

20 
26 

-8876 
*441-443 

9585 ±
 40 

40 
-7566 

*441-446 
9559 ±

 43 
32 

-
7
6
0
8
 

*446-450 
9545 ±

 
23 

32 
-8758 

*449-459 
9568 ±

 35 
30 

-
8
8
7
7
 

4
5
6
-
4
5
9
 

9595 ±
 

20 
40 

-
8
6
5
8
 

*
4
6
1
-
4
6
7
 

9488 ±
 40 

* Indicates 
14C

 dates of tree sam
Ples w

hich w
ere later cross-m

atched w
ith the m

aster. A
ll 

other sam
ples w

ere prepared from
 tree rings of the m

aster for calibration. 

T
A

B
L

E
 

3 
C

alculation of the solar-Y
ear age of the transition from

 Y
ounger D

rY
as 

to Preboreal tim
es based on H

olocene tree-ring records 

D
endrochronolo g

Y
 

A
bsolute oak m

aster 
M

id-H
olocene oak 

B
oreal oak M

ain 9 

E
arliest oak series 

Preboreal Pine B
-C

 
O

ldest pine series 

A
bsolute age of the sequence 

9
6
7
 

T
ree 

rings 

A
D

 1985-4089 
B

C
 

D
endro-dated 

6074 
4045 B

C
-7230 

B
C

 
C

alibrated 
3181 

7215 B
C

-7825 
B

C
 

C
alibrated 

609 
zeroPoint 8800 

B
P 

C
onventional B

P 

8700 B
P-9200 

B
P 

C
onventional B

P 
400 

9200 B
P-9800 

B
P 

C
onventional B

P 
774 

9800 B
P-10,150 B

P 
C

onventional B
P 

300 

T
ree-ring record of replicated m

asters 
T

ree-ring record of E
arly H

olocene oaks 
T

ree-ring record of earliest pine trees 
T

otal sum
 of H

olocene tree-ring records, dendro-Y
ears 

14C
 age of the earliest H

olocene pine, conventional 
B

P 

*
1
0
,
5
8
0
 

4
0
0
 

3
0
0
 

11,280 
10,150 

* E
xisting overlaps betw

een the series are substracted. 
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