aHBT " i2QMi?2 .2 /a2 i Mb7Q K 7 mHi Bl
" # p HH2v UCQ / MV
uEHBM;2 - CXSX pQm +-L DB# #QmE "~ FB- G .Q°

hQ +Bi2 i?Bb p2°bBQM,

uEHBM;2 - CXSX pQm +-L DB# #QmE " FB-G .Q # i?-.X"Qm H2bX a
7Q° K7 mHi BM MQ'i?2™M " # p HH2v UCQ '/ MVX :2QT?vbB+ HCQm ™M
S 2bb UPISV- kyyy- RyXRy9efDXRje8@k9etXkyyyXyyRe8Xt X BMbm@

> G A/, BMbm@yRjyR9e38
?2iiTbh,ff? H@BMbmX "+?Bp2b@Qmp2 i2bX7 fBMbn
am#KBii2/ QM Rk T  kyRe

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X


https://hal-insu.archives-ouvertes.fr/insu-01301465
https://hal.archives-ouvertes.fr

10*0, 0 ) &1198%*

n #$ %
&% ! (%&)*
It #$ %Y S % & &
() &!* + LD
! (&) - )
! '& &# % Hor o # +
% # #+ & G+ ) I+
")) - # ") - . /0 +++ , %
1 $ 2 , ! "3 " 4115
1 ", "2 "
$ "3/ 60%, / 2 "7r7"$ , "
" I( « ./ "1 , /
"fo"" 0, |/ ","s /

0O /8" T )0 /

/ 0 2 " "&8&9 ) $ “"/0 O ,
$ ) o " /1 "/0 /

"0 . /| < /

$/7 3 2 0 / "3 0 2

' $/ 0, 0 1

, / 2 "% 00 $ 2
" / 00$% 1 , 2 2
0 / , 0 /
) +% -$ " %& = /
$ "3/ ,

1"# $ %#!$" : , (2’ / " 0"

"3 [0/ 0> , 2 ")00$ o0 & +%*.4 /

/ /0 "$ 2 / " & +*.4" & ++). 4 & ++*'0

: 0.3 "1 0 $ (- 0:+; /

/I ? @ " ) 0/0 #"3 |/ , / 00 $ "0,

? 1 3 ;6 0, $ D o- & ++; " , 0 2

2 @, " 2 0> &00$ ! 1 , "%*00% /0,
, "$ @ , G 0 / , " "3 B 4
2 "3 4 ( S S s, , / +00%

A +1%. 4 / & +*; 2 , 8" " 0 "0 "

o" : - ? & +&). I/ B4/ #"3 1 , 0" |/ & ++;
+*&, - & ++. & ++; /" 00" 0% /, .,/
"3/ 00" "l 0 2 "3/

/ " $ /( ,1 0" , 0 " " /[ ?
$ 2 " "3
2 D30 $ - JE)9 F / " 4115 4/ & +*. 20
6 /1 $ " F +1 G3 =0 D 4 ++. 20 ++6 c /I |
$ H, " $ % , $ )

D) #3

9T0Z ‘2T Mdy uo SYND-1SINI 1gbio sjeuinolpioxo-ib//:dnyuol papeojumoq


http://gji.oxfordjournals.org/

&!%

/0 1&
( /18"
noA S
1/ 1 0%
$ /2 "%/
/I 2 "0

0, /

/

0"7"/ 04/
0," =",
/ $ 0
, $
/ , 10
" /

main fault
inferred fault

& +*+. <"
"7$ /"

" / 2

N #3

B -

*
’

+*+;

Y+ &N9&YL*

9702 'ZT Iudy U0 SHND-LSINI 1gbi10"sfeuinolpioyxoifb//:dnuuoly papeojumoq


http://gji.oxfordjournals.org/

++ L #?

2 (
"y
+*

n"$ o " -
& ++l 2 & ++%
" $/ 0,
o v
& +1.'0
+t++;

)) #3

*)+ &I9&%*

&
& 87 00 ?
o, " "0
@ 2/
2 , $
o, |/ 8"
3/ 8 " $

T

Lty Lyl

et b oyt b

Dahal alluvial fan

o inferred fault

‘; Taul

E] sand dunes
E] [)3 TEmaces
E Lisan Form
D Q2 terraces

Paleogene
conglimmerate

L 100k m ]

T oTan bty

&!&

9702 'ZT Iudy U0 SHND-LSINI 1gbi10"sfeuinolpioyxoifb//:dnuuoly papeojumoq


http://gji.oxfordjournals.org/

O -H. %HS"I%/ % 0 $

1 "3/ "o 0>  (,
/ 00" " )O0/0 I
A H%.4 & +;, $

1-$ F & +*&; 8"

/ s 2 (

& +*&; 1

"0 /0 +*. & +*.

1 0.$&0.%8% ,-'%&. # . I"

/%) 0:<* 1 / ,
, " 000 @, 0 1% /0
&$ ) $1 2" /

) / 7 0 " $
@ ""n ", <2

2 "/ 0, ", "%/ 0

/ $ 0

"
@, /) $ 2 0 s

)) #3

+++;

("

¥+ &!19&%*

9T0Z ‘2T Mdy uo SYND-1SINI 1gbio sjeuinolpioxo-ib//:dnyuol papeojumoq


http://gji.oxfordjournals.org/

)) #3

*
’

¥+ &!19&%*

& )
) @, " ", $ " O@00 9
"0 = $< I$ gy
"A /1 0 "$3$ $ : & +*, 1
) - " / 2 0, "% o / 0
N0 2 S| " "3 0 3 +&+. 20 4
" L, 7( "2 (0 " g "
' ( "0 1 "0 . 0 "0 :A ' ;: 208B
/ ‘o 2 2 4 ++; 1 , $0
", "10&) 1'$ 0 o " v
& +& /0 & ++; 8 "2 0, 0% /! 2 ! $ >
<+ I )o / 2 "
"< /I 4o 2 ‘0 /1 /
GLr1 o "1 " 0 " "3 0 2/ /%
" o " 0 y 2 0 20> /] " < "
B T L A7 GL" 1 |, A A +4++: 8
; 2 0 / 2 /0 " /
o = @, 0 /0 / / 0
1 0, <)s8$" < "3 1 A0
I % *$ 2 2 <+ $ " 0, 2 ™) "1)ys 2
/! $ 1 2 2 i 2 &) "%)$ 1
s s "2 , "3 A 2 ", " 2 ) " NS
/0 & ++;/ 0 8 o, $/ N8
/I A 2 Mo " " D +++:N
$/ )% /
$ 4 SENAY (
2,0 3t ) $&& # S& #H-. 2 #.,2.] #$%.".
/2, $0°$ g
, 8" 0> ,
$< 2?2 +& K 0 ++; 1 / / 0> /
0%2 "2 , " $6 /" 8" " /
/ 22 Al&9)$ 2 o / & 0
L /I 0 2 4 ? / 0, 2 0 /
Co ")s 2 $ c
W E
Fw Q3a
o
;__—_ Lisan Form.
- 02
clevation (s e }
B r::'_:;: _- 02 N -
B ==,
1500 e o>, e
\_ - Aol [
-
T
-2 Be'” on chert
2 TT000 yr. - 140,000 yr.
26,000 vr, - 31,000 vr, E
L/ Th on aragonite e
1000 m,
AT A
&' 1( 300 % ( / / , 7 9 / S 1 $ -
I "0 /1 7 / A/lO /0 I
2 / " 2 / /0 @

&!+

&+

970 ‘2T Idy U0 SHUND-1SINI 1¢610°s[ewnolpiojxo'ilfy/:dnyuosy papeojumod


http://gji.oxfordjournals.org/

&%) 10 1&

c"4 / @ /1
$/ )
/ , < B - +*+
3J1 0 /
,2 0 3% /G, F 0
A +11 1 (
v 2/ 0o / O
"3/ ? 0 /
1 $ $8" / C $
/ o0o" $ [/ I O
o, " /2 (" " 0
;1 " " $
2 / 1 03 2

(b)
500 m o
_lkm.
- 0
o
Y
= q [
3
=
&) F(, 21 $/
/1 7 .
0 0 2 %

$ "2 A
/1 " 2 /" @/ o"
/" /0 0 $/ Al "
| 2 $ $8 /| C 1
e/ /I o" mo 1/
o / I mo /I 1
A, )$ s " 0%
0 /A", 1, ,$ /0 L 1) D))

0, F " '

< 2 "% 0
$ ! Al !
0 / A" 3
o / /
00 s (L1
?B8>2" ++;
i, , 0,/ 2 ,
, /A 0 2 $2 ("7"/
o%$: 1, / @ /
0O/A 0 O 0% o"1" 2
o" 0% "
+% .1 +%!. B - ++; 1
2 7!
D/ 7
2 0, "
0 os$/ [/ 1,0 /
/ " 007 1l
2 /[ 2
0o 1 , / (7 @
mo / 0 / 8 $
0 Al 2", $
/ 0 ) $ 0O 0 2
0,$)0/ 0 /I 0
/ 00 $ 1 / /
2 $ 2 8 0%
(@)
(b)

I m
-

]

0 " 0, 0 /A'O

, / 0 00:; "
0@00:; 1/ , $1/) "+)0/ A |/

) #3 *,

9T0Z ‘2T IHdY Uo SHNO-LSINI 1gb10°s[eunolpiojxo iffy/:dnyuoly papeojumoq


http://gji.oxfordjournals.org/

)) #3

*
’

8" 2
0 /
Il 2
8" $ 1
, /
/
oo /
$
0
T
7"2
"A /

¥+ &!19&%*

0"7"/ 0 20
20 O

C++l; 6

/

& ) (7

80$ 0 og" 2 "
A", .2, % "
210 "
7 2 @ " 2
o/ 2" /o 2"
nom
I 2 "1 TP
000 ,/ )04 A2
, S/ )% $" 000
00 $ "0 o
/ 2 0@00 ,/+)0

&%

9T0Z ‘2T Mdy uo SYND-1SINI 1gbio sjeuinolpioxo-ib//:dnyuol papeojumoq



&% /0 1&
k0, (A
0@00 / 00%$

"7 0 /0
0, 1

$ /3

/2 2 $

3 $&& .# $& -$2%%.". 0.$ % ,-1%

&. # 1" #-..20-%
/ / /
. @ ;
++!; / , $
%, /
, 00 0 @2
$ $ 0>/ 2
,0 1/ 00" "
&' 6( "
0 /
0$ 0/ $3$

20
$
(
0/ (
0/ A

R 10 (
, 0 $"0 0
" "y
0 $ /' % 2 @o, / [/
$2 2 0 7
O / n " " (
" 1,7 " /|
% 22 7
3( 5 5
1 ,"0 0 $/0 ,
2 0 " 1 "
% 1 @ 0 "2
,/

)) #3

*
’

¥+ &!19&%*

9T0Z ‘2T [Mdy U0 SHND-LSINI 1¢610°s[euinolpiojxo if//:dnyuoy papeojumoq



o, $6 , "2 $ (
$" , 6 "
"2, " A
"0 ', 8 / A"
2 1 $ 1 2
A 1S ?"$
, L8 2 0
$ 2 A A
$0 " "3 0 $
I, 2 & "% $
$ , % +++; 6
[/ $" " /
) o " )
2 /" $$ 0 C 3 0,(
/ 0" 2 "o
? & +*F - & ++.4
- ++1;
(a)
(b)
&' 7( ooyt
"$)0/ 10 / $
A

)) #3

*)+ &I9&%*

3(* 5
1
"
,30/ 0
e wn
0 .0,
8 g
/ $
/ 2
A A
6/
1
30 /I
/ "
"
no1yo,

&%

9T0Z ‘2T [Mdy U0 SHND-LSINI 1¢610°s[euinolpiojxo if//:dnyuoy papeojumoq



&% /0 1&

"% 1 2" 2 2 , $% A 0 O " /
R $ *$ 62 " o
" 0 $ "2 o ( $ 0 "IA ", 209%
0O $0 2 7"0 0 2 O ", 2 & "% $ /2",
$ 1 08 " " 1 $" 000 $<
o/ , , 9 % " , , !/ %9 100 $ / 0
9 $ /2", ,I " 0 "l A
1 %" < , / +9& 00 $ 2
L / *9% 00 $ 6 0% o 0 0
2 7 1 Y+ 2
o, /I 6 ) O %0/ ,3 0>
TN - $ " A , A $2 " % 0/
&' 8( ot i %0 / 2 " "
"$ %0 / 10 / $ " A " o1 %o, ("
/A

MHE3S K )+ &IIRIK*

9T0Z ‘2T Mdy uo SYND-1SINI 1gbio sjeuinolpioxo-ib//:dnyuol papeojumoq



)) #3

*
’

¥+ &!19&%*

& ) ( * &%!
0 ,0 A", G # (- / / /
91 $ / / A , # 2
0 SRS
000 ./ 9 00% ) 3 #l
/ =
) ) ) ) &0: ++;
4 1% 1% 1+ &) ) * & ++;
%) )) ) ) # & 1 ++&;
=4 2 , /
%o/, A", " 0 0> ) 8 )
, o, & " 1 L/
0 2 A A "A 0 O
$ . 1 0(
2 " $2 0 3 / 0
, "0 A/ / ) , / , 7 / $2 009% /
, 0 " / / , (,0 "3/ 8"
12 0 23" @ 1 ;6 2 "
" ! 1 " @ ( "2 0 2
, " 6 2 , > 0 / , 1" 2
/ 00% " D)0/ " 0 2 1
, $ 2 13 '43" #H &
, 0 00 $ ++&. | & ++* 3#" 6 :30 & ++;
% 00 $ 0 0, " @ #/ "$ 2
1 "$ 70 / 9&100 $ sy "30 :F B ++
$4 & 14+ 10 I ( @ "2 ., | "0
/ 8" 6 0 o " 7" = ,
2 , 0 %$430 O / / " $0 O
"3 2 $°" 00 % .| & ++*; 1 ;6 7" I $
8 " $ 2 ' = , /i 7 $/0
, 0 / , , 0 1 1 "0
2 , / / 2 , 0 |/ "3/
/" 0" /0 , 0 /0 / 00$ 0 2 0
o" :1 F " /125 " 2 " "0 5
1009 40-20mmfyr|
g =
3
8 / /
< < Dahal fan
100 @“\“\N 6“\‘“21(\“1\32?\“\\\!’(3“\‘“\\!‘ 7,“‘“\\\!
1000 10000 100000  Age (yr)
& 9o F 3@ 2 /" "N @
" /| =4 "2 / 00 $ 8"
3 @/

9T0zZ ‘ZT IMdy uo SHNO-LSINI 1gB10°sfeuinolpioyxo-ilby/:dnyuoly pspeojumoq



&%% /0 1&

) L
Jestin et al. (199@ \(\# D Qj,
3 .
| s 4 N |
- 1 )
300N — =
- = 3
| | : |
i Arabia
! \ l
250N AlNuvel 1 :
I A Reilinger et al. (1994 I
200N
| + , |
Africa
| |
150N '/;//
I 20 mm/yr I
B —
150E 200E 250E 400E
& ( / 0 1 1 2 2 2 "0, =
5 o o " $ o @ o1 2 2 0 "oeg
0, 1 / = . o / /A @
0" 2 .. 7w . E W &6 "
3/ 0,
# X 0 o |/ / 0, 2=
c3 - /
0 " B — ' #/
&+ +* 43 # &0: ++&;
& )& 43 # &0 ++&;
) 1% 43 | & I+t
% +! D) 43 | & 1+
) D) 3# 30 & ++;
& % ! 0, B L+t
| ) * | 0 ,
# 1( FO, 2 , 1
= , 11
3, 1 "$ ++; # D&
:00 %
by* ) ! +& %!
! ) &% 1) &&
1)) % % *) + ) +
% ) 1 %) & &) )* + %)
! )i &) *) ) % +
% ) ) *) )) * 1+
& *) &1& ! B % +

)) #3

*
’

¥+ &!19&%*

9T0Z ‘2T [Mdy U0 SHND-LSINI 1¢610°s[euinolpiojxo if6//:dnyuoy papeojumoq



, / "3 , & &0 +0$&&0

&0
( 0K +13 102 |/
5 ; 43 0 10 0 &) 9& %

n) $ !

0 0 O

2 =1 7" F A"
- # 4-B ' +=0 [,
1 3 0o s @ " |/
/ &0 0 #(0 $&&0
8 +% 40, $/ 0 " [ 2
" F $F/ o o (
8 ++ ( & ( Jar "

&&9 *%

< ++ 40, $ " (
#0 +0 & 0 0 &9 &
+*& 1 3 s
! 19 0%*
F B ++ 0 / #1
> ;" 0"/0 "/ 0 /! (0]
%&&9 %*
- F 4" #4 '"B3 3 ++ =/ |/
0 0 o /
, 0 10 0 O +9 +
0 - ?-B3 +*& 1 /
c "s$ " / 0
& *0 0 )9)%
"# K 6B4/ K +%* " /
0 "3 #/ ogn
- ?-FO0O 6BK 6 ++ 1 <
0 " /- 3"06 3&
+9))
'0 FO 6 K 6 B- ?2 - ++ -™
< 0 0"/0
! - 3"0 6 2 ! & !

0
"0

MHE3S K )+ &II&YK*

& ) ( * 8%&

& &( ) n 19
(/7 J3J B #3 0 3 /
# FO "
4 - # K B 4/ K ++) <
/0 2 / 3
! 9 &
4/ K K 6B" "# +* / "
3 #/ ! 9%
4 B - ++ $ o@oo0 " /
0 " +0 !0 9%
4 < =7 B ++* 1 "
" $0 I "3 /0
! 19 %)
4 0 3 B4 # +*& ' "0, $
/ / " I A $ 0
6 ( 4#
B#" 6 & 0 0 0 &0
&9 +
< ++ & &) ), & +
4 3 6 06
<" 8 B - F ++ < "
, 3 " , F I/
D (A " $ &0 0 #(0
$ &&0 )&9 &
< 27? +& $ " " /
"0 "3 #1" 0,
! )&9 !
' < B4 - ++ 1 30
= /I #13% 0, ("$ O 10*0, O
% &9%)!
Il 3 B4/ K +*& 0 / o#"
3P ( ! &9+
/0 B4" - ++ # /
("0 $ "3 6 "2
J1LG " 200 +9)
F + -, o 2
/ "3 , &*0 0 %&9+
+++ 3 0 5" /"
G $/3 '
1 +&% 1 0 o"/ "0 #0
+0 & 0 O &9 &+
QB4 - ] /
/I $0 ! &9+
- ? B- +&) /
#"3 "= |/ 9 *
- ? B 8>2" ++ /"0
(.7 . «( (72
/ 38 " #&&+ &  ( -? - B
" F ,0# 0 0 0 &0 +9)
- &0 ++ A $ 0 " /0
/ 2 c |/
1 3 F *0 &0 1* 9%%)
I 3 8"2 3 B3 O ++* F ,
0 "3/ " o0"/0*0 |/
430 56 & # (&)
(& & (( &#++ , &7 ;
? 4 1, 4"0 -$ 4 3
F F B < +* ] / A $
0o, $ /o, / 5
F -/ 4 F ; *0 10 O
&&+ 9&*
? 4 1, B 0> # +* - "/
A $ /( ", 0 "1
~k|9 *+
A -+ 4 o,/ " LY
A +1% 1 "0, /
"3 #/ 200 & 0 O 9

9T0Z ‘2T Mdy uo SYND-1SINI 1gbio sjeuinolpioxo-ib//:dnyuol papeojumoq



&%* /0 1&
# #= &0 ++& 4 $ 00 0 /
. ('8 00 =
? *0 10 0 ++* O++++
# 2?2 2 =1 , < 3 .,
# 4 - 'B= ++! 3,
/ 0 "2 0(9%@, D,
/4 ( - & ! )+9)
30 = 27?7 # # 8 B
1 < ++ < ? 0
" /I "/0
0 O 10 0 O +&+9 +*
3 +&+ /(" "3
* 0 &0 1ol

1

1

G3 ( 0K #= < -
FO o 4 1 4 BF $ ++
3 / "3, (, /10 $ %
*0 10 0 *&&9 *+
'# +%! "/ 05 7" 0,
0 % %9% &
- ?- $ 8 G /| G8C 8
B 4 4+ A $ $/ "
3 6 2 0 0 1+9%
0 = ++ 1 5 / 2
c", P % , 0
/ 6 , & *0
119 %&

)) #3

*
’

#(0 *0

¥+ &!19&%*

9T0Z ‘2T [Mdy U0 SHND-LSINI 1¢610°s[euinolpiojxo if//:dnyuoy papeojumoq



