"HE W&



'10)12)31//



# $ % % &

) # %
% $
Lo
) *
$
$
%
$3$
$
) 1&
“( % 1 3#
) L% %
) 1&
)
( % # $
¥ % 4
5 6%

%



+ % " , %-% . /"o

"HUO# 1" o ( & 2).
$ )
$ (
4 % *
$ % $$ % % $9 "y
") )2
" )"
5 )
S 7 )
S5 - $ )
"k L0 % $$ $ )
+ )5
"+ $ )5
"+ -89 $ )*
0o .$ 6$ )0
"0 6 % : - )0
"0 6 $ % % & $ 2
2 % (
% $ 0
3 2 &" ) 1 #
2 ( % 4/
2(5
$ (@
) $ 52
) 4 $ & & 5
) 5
' 6 $ % 5
) $ < 5
) # < $ 5(
) $3 5+
)) $ 5+



) (

)5
)*
%

~— ~— ~ ~ ~— ~-
~ =

(5

(*
%

)"

))) 1&
))) = 3
))) 9
$
Y 1&
) ( $$
) (
) ( > 8
)"
)() @
$$
3,
$
6
4 2
$
$ $ 3 6
$
$$
(( %
((
((" 1&
("
o >
% $9$
(5 1&
(5 -8
6 $

$

*2
“)
*5
*5
*+
$ "+
% $ *0
%?. $ +2
$ +2
+
o
o
%2 2 2
+0
02
0
0
0"
0)
# 0)
0)
0(
1 & %
A8- 0(
% 8 8 $$ 0O
o
%  A8-- $ o*
A8- 22
o
o



2 # %-8

5 $ 25
5 < $$ $ & 25
5" 2+
5) 6% 2+
% $ 20
* @ % $
* > $ 3

* $ %; 1&

* % % $ 1

* 6 %1 3 %

$

% $
3
6 5



&$%

> %4 : 4
% /$ % %
4 B9 $ C 22+!
> $ % )
9 ;o %
$ $ c I 6
% % C $% D $ % >E4 $
& @ A!
4 $ % $3$ < 5
7 % C
C %
$ $ cC C !
/'$ ?7 @ C %
. % % $ % % )2 % )
$ % 22+ $ %
# # ;. % % &
& % $ % 3 % #
7 % % $C %
% ")2
< $ C 8 $& 0
% & &
% $& % 8> - ) 8>
- )< % ? & $
% % 1 % $
< 2 87! %
& 1
& 8 $8%& % 8>-C C
- < $& $ % # C %



# % # % !

51 %1 $ 5 5%!
% 1 & % % & 8>C 8>
- 8>- < $ 8 % %1 $
% > & % - $ $
% % ; %
$ % 1 & < %
$ , $ $ $& <
% 1 $ % 8> - 5!
%% $ $ % $ % &
% 787!
# % % & AS
$ $&C
A % C 22) | < #
% 8§>---C 8>C 8> -C 8> --
8>- % & ! $ <
# % 8 >- 8
> --- $ $ $ )< #
$ % $$ %
-$ & $
, & &
$ % $
/% ?. @ C % ;
< 7 $ %-89 %
% % F $,C22'"1< $ $ $% $%
+5( : $ - 8#
l < -89 % % $
$ <  $ & $ 9 6!
- ; $ 3 $ $
$ $ C & 6
< C 222!
$ % | % $ $ "C !



+:3

+:6

+:7

+:9

3:!
3+
3:3

3:6
3.7

% % 22+! % 2 2+IC  $ & <

-89 < 1 3#
% 22! $
< $ 08 $ ;%
< $ $ % $ % "0
') 8 < $ ;
' % $ 8 & $ % &
- $ $ $ 3 %
$ % $ 89- $ %
- ; $$
% -89 89- <
$ , %7 % $
% -89 I < ; %
-89 $ &
% 1& % 89 --
89 --- < & $, 7 $ %
$$ % $ $ $ "+
> - $ -89 % 89-C-C
-B ! 89 -8--- 1 l< -89
% 89 --- $ ;
& < - $ ; %
22*! $
$ $ % , $
% & 4 4! , 3 % 4
> 8% 3 4!
-89 $
> % $E
4 $ & @A?F % !
$ $ % % & $
$ $ % % & > 8 % $
, $ % $ $ &
> 8 %
$ $ % % & @ ;
% % & 7 $

5)

55

)5

)*

)+

52

5(

5*



3:9 % $ % %
5 : %°7?. $ %
3:< % $& % 8-C,
@F8- & $ <
% 2 $ 9 %
$ &
3= : $&% 1 3% > <8---
C%& & .8.(
$ &
1& o< $9
% $ 7!
<C<7'- % $9%
% A .5C
% 5?1 $$
2(G22+% 1 < $ C
$% % $ $
3: .$ $& - (2He6! --
$ % % 8-- ><8--
& % 1& $3%
7% %% $ % %
& %
3:! $ % -8I#
)2 % C 4'3.)282% $
3.+ 1& % 8- )"
)"l<$ 8 % %1$
% <
$ 9 %% 1&
6,>!
6: > % $ %6 %
< ; $ % <
$; 3 ; %
< $ $

8-C > <8---

5*
5+

")

*5

**



6! % # A8-- A8- 9
;% $ % &
% &
$ ; 68C 68C
; $ % ( %
< % $ A8-
$ $ &
6:+ % $&
%% < $
$ +2H6 $
$$ - % C 2H6
$& 9 ) 1
6:3 91 % . % 1& %
9 "3 1
% %% .8
6:6 # % A8--
$ $ <& % ;
0?7+ 6 <
$ $ ..
6:7 6 % $ $& % 1 3#
< 6A1 3# %% $ %
$ % $ $& < %
$ # (5!
1 3# % 7
(2H6 ? (H6 (5%C! |, -8 8
# % 1 3
6:9 : % 1& %
8-1 3 % - 7
(H6 (*! 9 5 3 1
1 3# < % 1
$
6:; 1& & % A8-

A8--

68" A8-
A8--

AS8--
+2H6C
% $ 1

A8--

%%

(2H6 (*!

%% $ &

%%

2

Oll

0(

00

22



7

$9

$
% &

4

<

$ &

&

%

% &
- 81#

%

&

$
%

%
&
8

- 8l#

-8l# 52H6!
% %
$ $

2*

2+



3:3

3:6

3:7

3:9

6,>

> % , $ "
& # % %%
$ % $ %
22+!
#& & -89 E< $ $$ %
2EC <
$ % % %
$ % $$
I $ 6! , %
1 3# !
> % $% % $ %
- -1
> % % $
$ % -8l
#& & & 1 & Cl 3#
% 9 $9$ C 1& &
$ 6,>! <
1 < %
& & $
- -- % % 8--
><8--- < & & 41 6,> %
$ $1! 9 8& ! $$ %
221 <1 8& C -~ (He!
% - (2H6!
$$ $ - 2H®6!
- 8I# 52H6 < -8
|# $$ 1&
- &

*(

*5

*%



6!
6:+
6:3

6:6

@% $9%

. %% $3 $
. 8& # % A8--
$ $ < & %
$ . 8& ! 2K < $&
& & % +K < %
5%
. 8& % A8- %%
$ $ C- - %
$$ & %
(2H6  (H6!

0)
A8-
%%
A8--
8& %
7
$3%
< ".  8&
-8 $

05

00

2II



9 &
$ $C 8& $

8% $ $&

$ $ %
& C$$ C
$
% & $ 3%
c4

$

$
$
%
# %
$$

9 : %%

$

%

% 6

$ C
%

-% %

% %
-89

I %

% &

$$

%

%

%



$ & $C -89

% $ %
9 $$ $ $
% $ < $! % &
$ % -$ % $ % & %
% $ & $ ;
& $ $%M( % $ > 8 % 1 #
9 % ; $ &
$ $ L 0;! 9 1 3 # %
$ $ $ $; $ 9
% C - (2H6 % C 8-
$ (H6 -- @7 $
$ 3 $ % %
52H6 % - (2H6! - 8l #1< $ &
- 1 3 ; % % & <
%
1 3
9 . % 7 6 9
%$ & & % $ <
%% $ $ % $ $ 9 C %%
$ 3 % $ 1 3
# - $ (H6 $ % 1 3
! & & 1 3
< $ $$ -89
% $ $ % % % & <
$ $ $ $ %
$ $! @& C $
% 7 1 3 % % > 8 %
I - % & $ -89 $  $% %
522 ;

7&



7&

F N C
$ %P ;
N $
$; N;
$_
C % C
$ Q%
$ ! 33
$ & 9
33 -89
A
Q $$ = 38
Q% F %
$ I $
9 8F
C Q Q S;
$ A $;
, % 4 & $
%P BNC # 8
C$ $
% ;Q $
13 N N
6 %P
3 = 3#
#
$ !
$ P . -89, %



# S $ 3
3% A$ 3 $ 9
$$ $ P$ %
9P 9 # S &
L 52 ; 3 22 F %
> 3N & $
$ % & SS
$ %% :
3 $, % , ;
oP $ ,%$P @
33 $ $
N P 9 & ;
3 C ,
9 ;3 S
; 3& M (> &
C $ #
oP C @ $
$ < , L o;! , ;
= 3 # 9 $ %P
,s $ 9
(2H6 $ R 8-
(H6  -- R
$ $ - (2He!
% 3 $ C 5
= 3 %P $ 9 % ;
. P $
= 3
A & Q3 %
% $ T Q3 $ , %;
. >Q %, &
& N $ 3 . A
C 9 &
3 C # $ -

7&

3

& L "22; . 3
S$ 3
3 Q%
I AN
$ 3
-89, %
$; $N3 3:0Q
@ |
% Q 3
& & > N$
& C
, % $ > 8
$ P
opP
3 N$ -
% 3% C
9
2H6 3 X
3 C
= 3
9 3
C
%P
$ $ , N3
$ 3
= 33 :
8 $ (H6 &



%

7&

% C

33
3& N
$ % 3 %
& N
3& N , C
& , %% > 8 %
& 3 $C Q%

% $3






BELGIEN

& 4556

Norasee

& 7.
4554

%

Ostsee

BERLIN
POLEN

TSCHECHIEN

981"




* + %”_$



.r i

E

Ll
=
z )
3
[N
L
sl
Z
=,
‘V@
//

$ +
$ + 01
12 34%
)
& <
42% | & ??A | (
/ &
+ 3 $
! " b
* ( "
( , > &



274=

#9$

& ?75 &
&
, /
I( &
2 Al
% % &
( !
% 3
$
"+
!
&
& 455B=1"
% 3
C &4554
& n
#, +
&

D551 C

& ??77?

&4

*$ & ??76&

+ 3#,
+ 3 +

554

&+ 3



" 551 3 & 455 . & " + 3#,

&
Luminescence signal
Transport and Last Burial
Burlal bleachlng perlod
Y
Sample collection
Absorbed radiation
(dose in Gy)
TiMe ——
Deposmon and
burial (dated event)
5 6
7 8 + +
+ + $
I n
& ) &
&
C & 7E: " "+
, F $ & 455A 3 &
( &
, A5G2 ! & 4556=
/ & 4557=1 & 4557=, &



A5G2 $ " " &
HB55$ C & 455
($ %
! 2 48 & @ A
" 9
2 4 #,
/ |
79 8 4& & 455
7 &, &45 2 @
: - 9 ;
& < 8 , & 45 A
#,
2 9 7 8 , &45 2 B
( ! 9
7 3
* B
6
)* ) IO E R I 0 - N A “C 1!/
%Oo*IK  #, *'1 , *0- -1* &455
+ * < cC &
4555= 455: $
" ’
1 ; " + 3#,
L AB $ #, #, &
3 &
& & $



#oo) k- * 4 Of - 2-2- H# <

0%, *%2.- # L- L-l-1 [+ #0!.C- ! 1-<9 , *0- -1%,

" LB@5% 55 ; !

)* () ,0<-222- %11 # , 1 Lok -*J ##2-
“#H 1 #< L- , #C- e M Lg##L2x, * 20 K 2 #H# 2%,
*<-C# > , *0- -1* &5

&
, - + 3 #, * &
, ; L4?% :

A5G2 44AG2 |/ & 4557

: 455 &
&
4B5G2 : A5G2 ! "
+ $
)* +) L2 ##12% 10 - # #H 1< X[HO - <
2#41- M2#<* ##  -- #, *1'11-2 %0- , *0- 1% 845
#, + + 3
2 |
&
( & "
+ &
! &
#, + 3

AS5G2  44AG2



- x 20 #2210 -5 #0 O

, ASG2

J#, !

, ASG2

%
*$ &<N& ?76 #
I &; & & ??A @5*O:?*

| 48755 /)2
9 1
/I &N &<

) B: E@
&>N N

>

&* &!

AB5 ABA
3 &>-&
+ 3) *
= A)? ?A
1" &1&- & &. &2 C
9 = 1 >

&-N [/ &ll&

4B5
1" &1
P
&

& < & 4556 .
#" "9
& " & 1&,

/'$

1II
+ 3
)
#(
&N & 274

& (

% Q

&1 <&J

¥ 13 # - J#,

J#, !

J#,

# &#( O ) 465

< & 4557 |
@@)

455 #, *

&<&4556 | . "
? $ AE) 4A:

). $ > "

&. # &N <& ??7? #

N $ &
8 @) ::? B@&

| )455 &>



, &1& &<&. &2 !'$ & &455

0 1" ' "+ 3 #, 9
@ 8 4) A@ B
&1&>" $&< & &<&!'$ & &. &2 C
<& 45 <
/ 1
, &1& &<&> &N&>" $ &< & &1 !'$ &
& 45 " | , 1 -
, M < $
: & <
, &1& 1T & & & <& &<2&! & < '$ & & 45
1 " 2 M2
#, +
, &1& &< >" $&<& <
M -(
& & 4556 2 3
> A ) 6E)E ?
&.& &1*!'&C &*1 ! & & 455B *
5?M 45
&C | Q &0 & & 7?75
R M ) & C) 3 < <
< ) 446 4B4&. .
I &2&/ &N &< &*&! &/ &. & &'3% & & <&
4557 : 3 * M !
D
I &>N&< &* &N &< /S N &, & 4556 ,"
(
@) @QE@ @6B
, F $& ;&< F$ &* N $& & 455A !
( + > 8
1 E404) 4 6 44:



C &1*&>" $&< & & &/ &ENN& &%N&T &2&

;7 & & &N<&l1l &! & 1 &455
< &1 9
3 8 1 1 8
C &N&4554 # )
( 1) :5:M:44

C &*1& ?E: *
4@A) @ @@&,



P # $ W&+ !

$ "+ g - 8 o) %&) (0 !
1 2 !
!
3 - | 4315 " *((
6 + $7 - +
$ 8 6 "9
+ & + $: $&
& 8 +
# $ 4 ;5 8 +
+ " # $
+ $ < I "8 ;%
+ # $ $ 40 5
$$ $ 8 +



"#$
+ $:
3 - 43-'5 + 7
8 $ $$
+ 8 $ $ #
+ + L o
- " 8
! "’ 4, 5 $# +
$ <
1 "8 < $: % $1= #
$ 3 $&> #$ 4 $8 858

Hanal}l
Seligenstadt/

Pfalz
(]
Syncline s
o
2
==~ State boundary @® Research boreholes o & 10 20k
" #P% & N G (") x4+
ST N G 012 =

34






% & & 1" &
% ! && @)
$ <& 8'&8/
% (&8 N (&
<& 8) ?&8B*
L+ $+ #
'8 & * #$&9# . % > $+ <& /8* &/8)
$ll
<& < *8* & *)/
0o - <& < 181/& 1"
*Q "% $& # 9 <& < 8)C& B/
$ B&' $ + $ <& < '8? & '?C
> $+ <& < ?8B& ?"™*
<& D '8)*& " B*
D "+ 0
*&'C8B) $+" S+ $
$# 9 S g+
> $ + + +
3-! $
# 8 "+ $  #
3 1 $ S 4"
5 < 8 $ # 9
$ $% $$
+ #
I 8 +
4 3% % (/5
$ 8
'& % + 0O , -1
- $ $ " ,
4. $ (OE 1 ((/58 0 I*(((
40 (/5 " $ & & $ >0
.4 (/58 (% >
= $+ $ 9 $8 +
+ + " + 80
- *( _ " 1
$ 4. $ (OE CC)5 $&



# - 3 I #
+ 6 4 3 8
((E ((*58
“E?F O o# >>& $3 - | +
" $ 7 '( # 4 # 5
41 "58 1 F6 # o+ 7
$ ((« 4, # $ 8 ((*58 $
$ " H# 9 "
$ # $
$ +" 4 3 $ ((/E ((/58
31 6 " B( | #
4:  CB?58 $: & -
! +  $$ 'I(
6 4: C*58># G *((
6 4, # $ 8 ((/58 +&+ $
3-18 $: HH $
# ! + $
1 6 " 4, #% 8 (CE! 8
(/58 6 $ +
# $ 4 5
$ # 8 $ $
+ $ 7 # $
+ $: % $1= 8:
1 $ 3 #
$ $ 9
+ 8 + & # & $
+" # $ 8 +&
6 G*( # # $ 4, #%$
8 ((/5 < 8 4((5 + +
1 F1 $ * <
8 #$% $ # 41 12  $8 85
( 8 1 F1 1'? # B( [



(8 $3

% +

$ 40 $ ((E

8 ((BE -

$

4

8 (058

(/58

8

4 %35

% 5

$
40 $ ((5

$II

8 CC*EK
4 " 0

8



$4<& F<& D5# <
# " # 4 $8 858 <& <& #

+  # + $+ 4 $8 858
+ - $ 8 <& F<&
D # $ + 8 +

$ 4- 5
$ + # +
> 4 (/58 + $ <
4 ((/58
# #9$ + $

$ $ 8 # 9

+ "$ +
# 9 $ + CF* *F
8 # + ( F(C $ &

# (L 'C"$ 7 + $
+ "8 # # 7 +
# "+ 9 $ " $ 4 8)
8B($A 58 " 9 & # # 2L " 45
+ $ & " 9 $ 8
$ # X $ $ # + $
# ( 8 9 7 # 49 5
$ "8 + < & <F<& D #
$# 9 4 M' 5#
$ # + % % + 40 $ ((58
4<& F<& 5 9 4 M) 5



! # 8 0 '1 "(
' % %5 5

"% &

S $

4 CC/52

(4 5 . Y

4% 5
GO T
P& " 4%0 Q %P5

0& "8

" $ 3 $

“Ja

#$ 9

4 85 #

CCi5 $ %
$ "8

"$

N& O&

N&
0&

P&



"3 1 ¢ ! 8 9 o+
# + 9 8
#
#$ 1
4 CC?58 $ BB I"A 4 <& 5 ?I"A
4 <& D58 # # #$
4 C/*58 + # IL # 8 +
# $ #? ##
7 + " $ "#
#$ + 81 + # &t #
$ 8 4< & 5
# L (L + "8 7 o+ #
# 7 3 -
! $ 8
& | /0 &1 & %
23
<& 8BS (8( B8)CS (8" 80'S (8(?
<& 8)'s (8( 82C S (8(/ (8B/'S (8(? 8fs (8
<& 8PC S (8( '8( S (8(B 8( S (8(? 8?C S(8B
<& < 8P) S (8( 84 S (8(C (81'S (8(2 8)[s (82
<& < 8+ S (8( '8'C S (8(/ 8(7S (8(? 8B(S (8
<& < 8 S (8( 287 S (8(/ 87?S (8( 8*B S (8 (
<& < 8) S (8( 28'|S (8 ( 825 (8(* 8)? S (8(
<& < 81 S (8( '8*C¢ S (8(C (8C) S (8(? 8/ S(8*
<& D 8)* S (8(' ‘8|S (8(C 8()S (8(* 8)/ 5 (8
8+ #9 % %
"4 5 & &
; # -T A %&( 9 #
C AU # S I"A % 8
$ # Vs $ % $ 4,%5
?2B( # + $ " 3&?( 4B8* 58




% + " $+ & #

$& 9 $ + 45 81
# # X *V$ %#
*((( # 8 # #
$ 8 &+ # 7
%8 <& <F<& D 4( 8/ 5 ; "+ H#
$ $ ? # $ 8
$ "8
% # 8 <& F S
4 8)F* 5# " + "8 !
$ <& F "
8
8? 8?
" #: % 5 & 1 0. 2 4 0.
0 2 *48 "1 % 5 % "1
( 1 % % <% % ' 1 % 8 2& = 4(
1% 5 <% % &
- # + $ + #
$ ( ( *V & C( (V " $4<&
F 5 4< & <FD5 + "4 $8 87 8?

858



4%

#

((58
?(

& %5

11

4%

0).; 00

#
7A%D8

B( # 8
4-5  $8

(L #

8'



1 &
I+ %
1 4%V (V5
20 "V $ %

'? I+ %
* C(A (V
) 2"V
B 20 IV
/
8* #; %1 ' $:
"6,
9 # $ - #
% 8 " 9 7 # 4< & <
<& <5# + $ # 8 $
$ 9 7
W (8*L8 7 $ +
9 $ $
9 $ , $ 8
$ # <& < K<
# G*L 9 = # #
- $/ 9 + "8 #
. # 4 8 ((/5 - # $
; 4(5 -7 ( *V40 $ 8 (EX $
8 ((B58 " "% (YH I
# *(Y 8 $ 2(
- - 8 . $ " H#"# Z Y
# $ "9 ;8 $8 8 F
# + <& < $ ;
9 8 9 " $#
<& < "$ + $ &
< <FD 4% (V 5 $+

+o# (8C*S (8 (4 A$+ * 9 58



"4 % ! '

"4"# 5 !
$ + 9
# # O+ $ 7 $ +
$ "# 4A# $ # &
58 #+ + "
$ $ " $ 9 " $
4 $8 8)F 58
" 9 + +
$ " #8 #+ #
# & " & 7%$4 7 8
(05 8
9 + $ 7 $"
" + o+ # 9 $ $
$ 8
4 &
$ 4 5 $ 4 '5#
+ 4! 8 CCC58 8 # ;%
# 8 + # 7
# % + # #
$ # % + 8 + # # %
# # "+ $
+ 8 "% + 4< & 5 $ $
9 #
; $ 8 $ # $"
+ "$ 8>+ $
$ $ 7 $8
$+ $ <& < < # #
" ; 8 $ 4*/8?7 SC8 *C8'S

)8* + "5 # '$ )8 S*8 4<& <5 7?8CS*8



4<& <5 $" + % 8

<

$ <& <8
<& < < D # $
4*B8C S )8)AA)(8C S )8/AA*)8 S )8
" + $ +
# o+ $
$8

* # 2 4

' *% <% 5 1

0., >8 (' ' <% &'

1 = 1

| & ' <% 5

1

$: ( '/ *& &
1 0,02 *4% '
2 % 50% '

$ + 8 <&
4 '$ M??8/S*8C 5

<% &' 12 *

%5 1 0).;0 0).;0

1 ( *& ' 5 %
' %l * '1
g * & x g
5& 8 <% &'
%  &* ' %

1



<&
<&
<&
<& <
<& <
<& <
<& <
<& <
<& D

[ & 2

8*

T#

9

(&)
8 F 8/
8)? F 8B*
/8* F I8)
*g*/ F *8)/
181F I8
8)CF 8B/
'8? F '87C
28 BF 78*
'8)* F ' 8B*

& 2 9

5% $.

28 3
9
B & 8('S
8((c
& 8((?sS
8((B
& 8()S
8((c
C & 8(?S
8(?
B & (8CB(S
8((B
B) & 8( S
8(
™ & 8(*? S
80
o g (8CC) S
8(*
2 & 8((*S
Cl(d
0 '11
$
(L
#

%87
()

/8B S (8B
C8B S (8B
8 S (8C
0s
(?S*
Cgx
S/
'CS/

*SC

%8 7

()

/8*S (8B

C8) S (8)

(8/'S (8/

(s~
*S?
?CSB

/SB

C?8B S C8?

?/SB

%

%87 7.
()

*8'S 8/

*8CS 8/

)8) S 8/
28'S)8B

B?8/ S 78

C8(S ?8*
CCB8/'S 28)
B(8B S *8C

C?8? S 78)

87 87
(3) 3)
Cc8's 8 ;< HH
(8/S 8  #="><#"
?8(S 8* H#A'= <#'6
)*8 S (8 */8?7S 8
)8'S)8/ *C8' S )8*
//8'S C8* /B8 S C8
C)8*S (8C CB8BS (8
/B8CS (8 /8/SC8?
C?8 S (8C  /C8/S (
8 9 #
& 8
% & '+ # $+

8 :
77. /

3)
B8)S 8) ?
/8BS 8/ *
8CsS8 B
< 6" ?
4" <6

6>"<?"? |/

?="<?@ C
44'@<6" I
67" <?"

n $



"6$ ' &

$ + # $
3-18 #
$ + o+ 8
$ $ 33
$ $ # 3
$ #
% + 4
#+
$ 3
+ $ #
' #
$
$ +  $$

0 4 $8 8B52

2 9 $ 4%8 S)8 )B8CS
$ " 1% 8
# B +
4HH;  X# 1158 CH O+
4 $ ((/5 #$ 41'?5
$8
$ + "$ +
2 $$
S*85 $
'58 "9 ;8
+ #
8 #

B8? # $ 7 $8

'&
7 $"
$
3-! + "
+ $
#
$8
$ + 8
$$
& $ # 8
# # +
$
+ +
$= # + 8
)8/ 5 + + $$
<& D4'8)*F'8B* 5
$ $
oy g
$ % #
"% <& <47'8C
$ 1 $ 4
8 4 ((C5
< " #
$ ?)8? S 78

'‘B8'S



"% S

1
O *
20

%
1
1

% %5

0.0
2
%

1 %5
* "1

4 8 $. 1

%

0).; >2 %5

1
%

1

* 8. 1

%

% 1&'5 &
'S5 &*

5

4 8
(1
1

% %*

1

4

$.

%
1

%

1 @ L]
@ A% 2
0).;, 0).;00)
1
0 0.0
11 4
& "1 1

(

BB



$; $ @BBS 84< 5

8 $
Z [8*
4 ((C5
3 -
+
*8C 8
<
$ =
, # !
"9 J 4((5

8 4((C5
4 < "5 $9
(8* # $ 7

< 8 #+ ; $
8
o
$ + 9
+ + $
+ $
$ 8 $
B
#
< < 9
$ #

$
" $
+ &
;8
$8
C8
$ #
<& <
+
8
C#
$ 8
+ #

1$ $
$ 7?8(S 8* <&
7 $8 8
$ + "
((C5 9 ; $

4 315 $$ 8

+

C8S84<& 5 8J 4((5

$ )8?S(8 (8)S
# # : $ (sB



% $ # "+
$$ - + +
$ 8
$ + # CF 8 !
$ " + " $ 3 + 8
0 $+ $ + 9 " $
8 + + + C #
# + $ 8
[9 && ">A $ 7
$ 8B 84((5 4 $ B58
4 8 ((1 $ !'$ 5
# 2 CD ; $ $
8 R "8
+ " + 8\
$ # $ 4 $"#
8 (( 5# % 21 8 $.
' 1 % % (1
1 % 1&'5 & % & ' 1 1
' 'S5 &* 5 % %* E
I
8K8 C/*8 % $ 1 8
K8 CC/8 ; % $8 7 3+ "1 ;7 /(8
8K8 : "-8 8 18,8 ((B 8 +
" 8F%0 & ' &
) & )B8
K8 C*¥8 -+ $ - & & 8
G'"* "% ; % oo "0 - "2

(& *8



K8 CB?8 % $ 6 _ $ 8 4 K8 8
JBE 5 ' 8 ' 8 &3 & P
- 18 # $ B/ &/B8
$ 08 8 ()8 1 6 "+ +
- "8 F% &$ :5( *2 *%(&*B?8
88J 8«< -88 < $ K8 J88 0 8K8 8
0 $ KBK 8 + $ 18 8188 ((/8 1
+ - & ! > & F
$ &+ $ & "8 F% &% 5 (
)2' )& ?/8
$ 8X% 1 8 1 8: 181 &
%8 >8 % 18 %8 ((*8 "
$"2 , a
$ "8 F% &$ :5( 22 2 &'(?8
% 1888 (8% $ $9 $ $
8 D % 1 'B2 ) &)*8
, #$ %8 ! 18 8 _ & K8 0 8
((*8 $ $ = 43 - I 1 "58 F%
)2 C&CC8
, #$ %8 ! 18 8 0 & 38! $ -88 %
,88 K8 K8 (/8 $ 9 6 " -
$ % 8 F% & $ G% 2A 6 %
(4 *B2')&"B8
, 18 % -8 < $ J8 : 8 8 8K8 K8 88 J8 8
0 $ K8 08X8 ((C8 + 3
- $ (e $
$ + 8 1 & (2 ?B)&?C*8
8 ,#% %8 8 _ &: K8 > 8
8 8 1 + " < "
3 - | F $ # 8 G % A’
8
08 8 (*8 1 8 J + $

I $

$81 &< $ % C) 8



I 18, #$ %8 8 0 8 ((/8 $:

% $1=8F% &$ G% 2A 6 % ( 4*B2 *&
)(8
! -8 8 - -8 18 18 8 U 8 ; " K8 8 CCC8;
$ 3 $ 9 K -
21 7 $ 8 "1l & ?2"C&
28
$ 888 : $ 08 (/I8 1 6 " "
+ ! 3 - 1 +" "8
. G% H : *o5( /B2 &8
8 CC)8 % 7 8 I
% ' ' ' ?B2 ?/ &?CB8
8 (18 1 1 o+ 3
- < 4
I "58 F% &$ G% 2A 6 % ( 4 *B2 NH&'*8
K 8 "8 b & 8 ((?8; " $2
# $ $ + + 8 F% *2
?'& *B8
J 8 (8 " + $
! 7 $ # , 8
'8 '8 )2 *(B&*' 8
J $ 8 (18, " 1 $ $
3 - | I "8 - G % H
L% 0p( /B2 * &))8
7K8 $ 8 # 88: K88 - 38 (08
; $ # "
8 Fn & ' & 2*&%)8
" 88 ; " K8 18 CC*8 9 + 9
"# & $ ! 8
F% &$ 5 ( 22 "*&'B 8
"88 0 88 (8 $ 9 $ + 2

+ "8 : ; % 1 'B2 'BB&'/ 8



1 K8-8 K88 CC?8
- $2 3 $& + 8 ;% 1
'2 2CB&*((8
1 8 ((8 + “+ - 8 -
G % H L% p( /B2 B& C8
1 8 %% $ %8 8 $ 8 J 8 J >8 J 8
- %8 K868!18 ((/8 $2
8 F% &$ G% 2A 6 % ( 4 *B2 C*& ?C8
- $ 8% 1888 0 8!8 8 ()8 $
$  + 8 F% & & 2 (C&
(8
-$ 8 (I8 # "9+ +
c8 8. )2'&(8
JBK8 K 8 88 % " 188 -">8 T &K 8 ((/8
$ ; 9 3<& ; $
8 : % 1 ?'2 B* &B*B8
< $ K8 # K8 18-8 8 Xb 8 ((?8
+ + & $ $ &
$ '8 -808 ! 8 "884 5 ((81
< $, 8 % > *'&)('8
0 $ K8 ((8; $ + 2 + #8
+ '2'(&' 8
0 $ KB " 88 T & 8 (8 9
8 1 & ( )B&B(8
0 088 (18 - F = + 8 - G %
H L% p( /B2 '&*8
X $ K88 880% 8 X 818 ( (B8 $"
2 $ 9
$ 9 $
8 F% & & 2 B &B)8



Chapter 3

This section has already been published. Pleaseste® for corresponding information.

Title Infrared Radiofluorescence (IR-RF) datinghiddle Pleistocene fluvia
archives of the Heidelberg Basin (Southwest Germany

Journal Geochronometria

Volume/ Issue 2011: 38/1, 23-33

First author Tobias Lauer

Co-authors Matthias Krbetschek, Manfred Frechen, Sumiko TsukamChristian
Hoselmann and Michael Weidenfeller

Date of acceptance 2.09.2010

Link (www) http://www.springerlink.com/content/f722470128hgwW26

DOI DOI 10.2478/s13386-011-0006-9

Coyyright notice Reproduction of this section oblypermission of the rightholder.

Abstract: The infrared radiofluorescence (IR-RF) dating teghe was applied to eight fluvial
samples that were collected from two sediment catébe Heidelberg Basin located near Viernheim
and Ludwigshafen in southwest Germany. Based orlRHRF derived ages of the samples it was
possible to establish a chronological framework floe Mid-Pleistocene fluvial deposits of the
Heidelberg Basin. The results allow us to distisgubetween four main periods of aggradation. The
lowermost sample taken from 100 m core depth leaant IR-RF age of 643 + 28 ka pointing to a
Cromerian period of aggradation (OIS 17-16). Fa Histerian it is now possible to distinguish
between two aggradation periods, one occurringndutihe Lower Elsterian period (OIS 15) and a
second during the Upper Elsterian period (OIS 12-#ar the so called Upper interlayer (or “Oberer
Zwischenhorizont” — a layer of organic-rich andefirgrained deposits), the IR-RF results point to a
deposition age of around 300 ka, with samples talkesttly on top and out of this layer yielding IR-
RF ages of 288 + 19 ka and 302 + 19 ka, respegtittdnce, the measured IR-RF ages clearly point
to a deposition during the Lower Saalian period S@-8) whereas earlier studies assumed a
Cromerian age for the sediments of the Upper layerl based on pollen records and also mollusc
fauna. The new IR-RF dataset indicates that sicanifi hiatuses are present within the fluvial sedime
successions. In particular the Eemian and Uppelid®adeposits are missing in this part of the
northern Upper Rhine Graben, as the 300 ka depasitdirectly overlain by Weichselian fluvial
sediments. It is obvious that time periods of iasesl fluvial aggradation were interrupted by time
periods of almost no aggradation or erosion whiohutd have been mainly triggered by phases of

increased and decreased subsidence of the Heigdlhsim.
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Chapter 4

This section has already been published. Pleaseste® for corresponding information.

Title Luminescence dating of Last Glacial and E&tblocene fluvial deposits

from the Lower Rhine — Methodological aspects afmloological

framework
Journal Zeitschrift der deutschen Gesellschaft fir Geowisshaften (ZDGG),
Volume/ Issue 2011: 162/1, 47-61
First author Tobias Lauer
Manfred Frechen, Josef Klostermann, Matthias Kudietk, Georg
Co-authors
Schollmayer and Sumiko Tsukamoto
Date of online-publication 1.3.2011
Link (www) http://lwww.schweizerbart.de/papers/zdgg/detail/T6889
DOI
DOI 10.1127/1860-1804/2011/0162-0047
Copyright notice Reproduction of this section obyypermission of the rightholder.

Abstract: Luminescence dating was applied to Last Glacial &arly Holocene fluvial
deposits derived from the Lower Rhine. The aim weasbtain a robust chronology for the
sections (open pits) under study in order to cbate to a better understanding of past fluvial
dynamics of the River Rhine. Furthermore, differemhinescence dating methods (quartz
OSL, feldspar IRSL and pIRIR as well as pIR-YOSIlgrevcompared and tested by applying
them to sands sampled at Rheinberg and MonheineHitdhere independent age control is
provided by intercalated pumice originating frone truption of the Laacher See Volcano,
about 12 900 a ago. The obtained quartz ages aagreement with the age of the marker
tephra. Also the feldspar luminescence age estsvageee with the quartz OSL ages. For the
Rheinberg and Monheim-Hitdorf sections the obtairsgges now yield a very precise
chronology. Based on this chronology a very rapigiél aggradation could be demonstrated
for the sediment succession at the Monheim-Hitdief occurring during Younger Dryas. At
Rheinberg it was shown that the Laacher See pumas reworked for long time as the
luminescence ages point to a Boreal period of aggian (~ 4 ka after the eruption of the
volcano). For the older Lower Terrace sites (Alagkiof/Dormagen, Niederkassel, Libur) the
ages now Yyield a reliable chronological framewook the fluvial aggradation helping to

better understand the timing of changes in flusghialamics.
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Chapter 5

This section has already been published. Pleaseste® for corresponding information.

Title Geoarchaeological studies on Roman time harlsediments in Cologng

— Comparison of different OSL dating techniques

Journal Geochronometria
Volume/ Issue available online
First author Tobias Lauer
Reiner Bonn, Manfred Frechen, Magret C. Fuchs, Maartrier and
Co-authors
Sumiko Tsukamoto
Date of acceptance 10.09.2010
Link (www) http://www.springerlink.com/content/u3615741vIx306x
DOI DOI 10.2478/s13386-011-0020-y.
Copyright notice Reproduction of this section obyypermission of the rightholder.
Abstract:

Due to the construction of a hew North-South subiwwagZologne, Roman time harbour sediments
were exposed and were sampled for luminescencegdati very good independent age control was
given by the precise knowledge of the chronologyRoiman activity and by radiocarbon ages of
charcoal samples. Hence, different methodologiggr@aches within luminescence dating were
applied for Holocene heterogeneously bleacheddlisamples and were compared to the known ages.
For one sample, optically stimulated luminescer@8L() dating was applied to coarse-grained quartz
using a single aliquot regenerative-dose (SAR)quuit After D-measurements, different statistical
approaches were tested (i.e. arithmetic mean, medinimum age model, finite mixture model,
leading edge method and the Fuchs and Lang apprdadch demonstrated that the Fuchs and Lang
approach along with the leading edge method yietdedest matching OSL ages with respect to the
known ages.
For the other sample which showed feldspar contatiain within the quartz signal, the post-IR blue
stimulated luminescence (double SAR protocol) waasuared in three different ways to calculate the
e-value: with continuous wave (CW) stimulation wih IR-bleach at 50°C and at 225°C for 100 s
prior to the OSL, and pulsed OSL (POSL). It was destrated that the IR-stimulation at 225°C has
very good potential to remove the feldspar sigmaitiibution as well as pulsed OSL, but the former

might deplete parts of the quartz OSL signal.
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