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Figure 1: Spectres d'éléments traces moyens des laves d’OIB (îles océaniques), de MORB (rides 

océaniques) et d’arcs volcaniques normalisées aux chondrites (Taylor et McLennan, 1981) d’après 

Arculus et Powell (1986). �
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Figure I.1: Situation générale de la région Caraïbe. Carte bathymétrique et topographique tirée du site 

http://www.ngdc.noaa.gov/ en septembre 2008.�
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Figure I.2: Age de la croûte océanique atlantique à l'avant de la subduction des Petites Antilles 

(Carpentier et al., 2008)�
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Figure I.3: Structure et subduction de la croûte océanique atlantique sous le plateau océanique 

caraïbe, d’après Bouysse et Westercamp (1990).�
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Figure I.4 : Carte bathymétrique de la région Est Caraïbe et localisation des sites de forages 543 et 

144, d’après Carpentier et al. (2008).
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Figure I.5: Limites du plateau Caraïbe�
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Figure I.6: Carte bathymétrique et localisation de la ride d'Avès et du bassin de Grenade.�
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Figure I.7: L'arc volcanique des Petites Antilles�
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Figure I.8: Activité de l'arc au cours du temps d’après Bouysse et Garrabé (1984). L'arc ancien est 

schématisé en orange, l'arc intermédiaire en violet et l'arc récent en rouge. 	
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Figure I.9: Diagrammes K2O en fonction de SiO2 de toutes les îles des Petites Antilles, du nord au 

sud. Compilation de données d’après le site http://georoc.mpch-mainz.gwdg.de/georoc/ au mois de 

Juin 2007.
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Figure I.10: Diagrammes Al2O3 en fonction de SiO2 de toutes les îles des Petites Antilles, du nord au 

sud. Compilation de données d’après le site http://georoc.mpch-mainz.gwdg.de/georoc/ au mois de 

Juin 2007.
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Figure I.11: Diagramme 
207

Pb/
204

Pb en fonction de 
206

Pb/
204

Pb des laves des Petites Antilles et des 

autres arcs intra océaniques. Les données sont celles compilées sur le site http://georoc.mpch-

mainz.gwdg.de/georoc/ en juin 2007. NHRL (Northern Hemisphere Reference Line) est d’après Hart 

(1984).�
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Figure I.12: Compositions isotopiques du Sr et du Nd en fonction de la latitude. Les données sur les 

Petites Antilles sont celles compilées dans le site Georoc en juin 2007.�
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Figure I.13: Diagramme d’isotopes du Pb des laves des Petites Antilles comparées à celles des autres 

arcs intra océaniques. Les données sont celles compilées sur le site http://georoc.mpch-

mainz.gwdg.de/georoc/. La NHRL (Northern Hemisphere Reference Line) est d’après Hart (1984).�
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Figure I.14: Carte topographique de la Martinique et localisation des principales villes.�
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Figure I.15: Carte géologique de la Martinique établie par Westercamp et al. (1989).�
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Figure I.16: Massifs volcaniques de la Martinique d'après Westercamp et al. (1989) et âges de ces 

massifs d’après Germa (2008).�
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Figure I.17: Axes du volcanisme fissural du S et SW martiniquais et localisation du volcanisme de 

Gros Ilet. D’après la carte géologique de Westercamp et al. (1989)�
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Figure I.18: Massif du Morne Jacob d’après la carte géologique de Westercamp et al. (1989)
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Figure I.19: Cycles éruptifs du volcanisme de la Presqu'île des Trois-Ilets, d'après la carte géologique 

de Westercamp et al. (1989) 
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Mise en place Nature des laves 

Arc ancien     

Complexe de Base Sous-marine Basalte à Cpx et Ol argilisée 

    Andésite à Cpx et Opx 

    Dacite à Pl 

Série de Sainte Anne Aérienne Basalte à Cpx et Ol 

    Andésite à Cpx et Opx 

    Dacite aphyrique 

Arc intermédiaire     

Episode initial Francois-Robert Sous-marine Andésite aphyrique 

    Basalte aphyrique 

    Basalte porphyrique 

    Dacite peu porphyrique 

Phase effusive généralisée Sous-marine Basalte porphyrique à Pl, Ol et Cpx 

Phase majeure Vauclin-Pitault Sous-marine Andésite aphyrique 

    Basalte aphyrique 

    Basalte porphyrique 

    Dacite peu porphyrique 

Phase effusive Rivière-Pilote Aérienne Basalte 

    Andésite basique aphyrique 

    Andésite basique porphyrique à Cpx et Ol 

    Andésite  porphyrique à Opx et Cpx 

Episode final Montagne du Vauclin Aérienne Basalte aphyrique 

    Basalte  porphyrique à Pl, Cpx et Ol 

      

Volc. du Sud et du Sud-Ouest Aérienne Andésite porphyrique à Pl, Opx, Cpx 

    Andésite basique aphyrique à Cpx 

Gros Ilet Aérienne Dacite à Pl, Qz, Bt et Gt 

Arc récent     

Morne Jacob Sous-marine Basalte porphyrique à Cpx et Ol 

    Andésite aphyrique 

    Andésite et basalte porphyrique 

  Aérienne Andésite aphyrique 

    Andésite porphyrique à Opx et Cpx 

Presqu'île des Trois Ilets Aérienne Andésite à Hb 

    Dacite à Qz et Hb 

    Andésite porphyrique à Opx et Hb 

    Andésite basaltique porphyrique à Opx, Pl, Ol, Cpx 

Tableau I.1: Tableau récapitulatif des phases volcaniques effusives de la Martinique et de leurs 

pétrologies d’après la notice de la carte géologique de Westercamp et al. (1989). Les abréviations 

utilisées pour les noms de minéraux sont listées dans l’annexe « Abréviations ».
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Mise en place Nature des laves 

Arc récent     

Presqu'île des Trois Ilets Aérienne Basalte à xénocristaux de Qz 

    Andésite porphyrique à Pl, Qz, Cpx, Opx, Hb, Bt, Ol, Cord 

    Dacite à enclaves de basaltes et de diorites 

    Dacite porphyrique à Qz, Hb, Opx et Bt 

    Basalte riche en Ol à inclusions de Sp 

Carbet Aérienne Andésite 

    Andésite à Pl, Qz, Hb, Bt, Opx et xénocristaux de Cpx et Ol 

Conil Aérienne Andésite à Opx et Cpx 

    Andésite porphyrique à Opx et Hb 

    Andésite à Hb 

Pelée Aérienne Andésite porphyrique à Opx, Cpx et Ol 

    Andésite à enclaves de basaltes 

Tableau I.1 (suite) 
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Figure I.20: Histogramme de la teneur en silice des laves martiniquaises. Les données sur les laves 

martiniquaises sont celles compilées dans le site Georoc en juin 2007.
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Figure I.21: Comparaison des rapports isotopiques du Pb des laves de la Martinique et des laves des 

autres îles de l'arc des Petites Antilles. Les données sont tirées du site Georoc en juin 2007. 
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Figure II.1: Carte de localisation des échantillons
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Oxydes et Hydroxydes Isotopes interférés 

135
BaO 

151
Eu 

140
CeOH 

157
Gd 

141
PrO 

157
Gd 

143
NdO 

159
Tb 

146
NdOH 

163
Dy 

148
NdOH 

165
Ho 

147
SmO 

163
Dy 

149
SmO 

165
Ho 

151
EuO 

167
Er 

153
EuO 

169
Tm 

157
GdO 

173
Yb 

158
GdO 

174
Yb 

159
TbO 

175
Yb 

Tableau II.1: Liste des oxydes et hydroxydes pouvant interférer sur la mesure d'isotopes.

	

���	 �����*������	 ���'�������	�������	&���	������*����	����	&���	��������	 ����	��	����������	���	

�������$	 -����/	 ��	 ���	 ���������/	 �����	 �����	 �������	 ���������/	 ��	 �������	 ������	 ���������	

S	�����	T	��������	��	@�/	��	��/	��	�������	��	1�	��	��	8�	��	��	�������	��	2�/	=�/	.�	��	�'	

����	��	'��	��	������	��	�������	�����	���	�����	��	���������	6���	�������	��	��	�����������	���	

��	�����	 ;BK	 ���	 ��	 ��	 �����������	 ��	 ��	�����	 ;K;	 6@�07	 ����	 ��	 ��������	 ��	 @�	 ���7$	8���	

����������	 �	 �������	 �������	 ����	 ��	 ��	 �������	 ���������	 ��	 ����	 �������	 ���������	 ��	

��������	���������	���	��	���'��	��	����	�������	����	���	��������	�����*����$	

	

�	�����	�'��	��	���������)*++�	�

��	��������	��	��	#K!!�	������	��	�������	���	�����*������	��	�����	��	���	������	��������'���$	

����	 ���	 ��������	 ��	 ��	 ��������������	 ��	 ��
�1(�2/	 ����	 ����	 ��������	 ���	 ��	 ����������	

�������	 6��	 ���������	 ��0����	 ��	 ������7	 ���	 ��*������	 3	 ;C	 ��	 ��	 ����������	 ��	 ���'��	

�����	6���	������	���'������	�������7	���	��*������	3	BC$	-����	��	�����	���	��������	���������	

��	�������	���	�����*������$	I�	����/	���	���	�������������	��	��
�1(�2	#K!!�	���	��	������	��	

��������$	=���	���	��������	3	�����	 ���	 ����	�����������/	 ���	������	��	����������	���	��������	

���	 ���	 ������	 ����	 ��9	 ������	�	 ��������$	 ���	 ��������	 �����	 ������	 '������	 ��������	

��������	 ����	 �����	 ����	 �������	 ��	 ������	 ��	 �������	 ����	 ��	 �������	 ����	 ������	 ��	 '����5��	

�����������	���	����	��	������	��	��������$	���������/	��	���������	���������	��������'������	

��	������$	2����	���	��������	��������������	����	�������	��	���������	��	������	��	��������	��	����	

�������	����������	���	�������	�����	���	���	�������	���	�����'��	���	��
�1(�2	1, $	

	



��������	

	�	���������	�����������	

50

����	������!	����!��� 	��������	����	�

����	��	��	�����������	��	��	��������	*����/	����	�����	�%����	���	��������	��������	���	��������	
O@�/	 #K-�/	 ;;K
�/	 ;"O��	 ��	  !O@�$	 �����	 ��������	 ����	 ������	 ���**�����	 ���	 ���������	 �����	 3	 ��	

������	�������������$	=�	�**��/	��	����	�����	�������	��	�������/	��
�1(�2	�����	��	�����'�����$	��	

������	 ����������	 ����	 ����	 ����������	 ��	 �����������	 ����	 ��	 ��������	 ����	 ������	 ��	

������*���	 ���	 *����������	 ��	 �����'�����$	 1���	 ���	 ��	 ����	 *���	 ���'���	 ������	 ��	 *�����	 ��	

��������	��	 ���V�	����	����	���	�����������	��	 ��	����������	 ��	 *�����	��	��������	��	 ���V�	

����	 ��������	 �������	 @>$	 8���	 ������/	 �������/	 ������	 ����	 �����	 �������	 ��	 ���V�	 ��	

S	*�����	 ��	 ������	 �������������	T	 ������*	 3	 ��	 �������	 E���(3(����	 ��	 �������	 �����	 �����������	

������	����	������������	��	��	�������	���	����������	��������	����	@>/	��	�������	��	�����	

���	 ��**������	 ��	 ��������	 ��	 ���V�$	 ��	 *�����	 ��	 ������	 �������������	 ������*��	 ��	 ��**�����	

�����	 ��	 �����'�����	 ��	 ����������	 ����	���	�����	������	 ����	��	 ��	������	����	 ����������	���	

�������	 3	 ��	 �����'�����	 �������	 �'�����	 ����	 ���	 ��������	 ��������	 ��	 ��������	 @>$	 =�*��/	 ��	

��������	���	����������	��������	���	���	������	������	����	&���	���������	��	����������	���	��	

������	 ������	 ��	 ��	�����	 ��	 ���	 ���	������	 ������	 ������	 ���	 ������������	 �����������$	

8���	���������/	���	�������/	���	���	�������	��������������	���	������	:K	3	"O	62	3	��7	����	

��������	�����	���	�������	��������	����	���	������	O	��	#K	6@�	��	-�7$	

	

	

�������!	������	�����������

�����	���	��������	��������	����	��	����������	�������	��	������	����	�����������	���	��������	

���	��	���'��	��	���	����	��	�����	�����$	
�	����	*���	�������	3	�	������	��	'����	��	*���	E���(

3(����	��	���'��	��	����	�������	���	���	'����$	8���	�**������	�������	���	���������	�����	3	

��	 ������	 �������������	 ��	 ���	 �����*������	 ���������	 ����	 ��	 ��	 ������$	 =�*��/	 ����	 ������	

������	 ����	 ���'��	 ��	 ���	���	 �������	 3	 ���	 �����������	 ��	 ��	 �������$	 1���	 ���	 ����	

���������	 ���	 ���'������	 �������	 �**������	 ���	 ��������	@>$	 -����/	 ��	 ����������	 ���	

������������	������������	����������	��	�	��������	6����	�����	�������	�����	�����������	

���	=�����	��	��$	6;OO#77	��	��	���'��	��	����	������	����	��	������������	����������	����	

�����	 ��	 *�����	 ����	 ����������	 ��	 ������	 ��	 ���'��	 ��	 ���	 ����	 ��	 �������	 3	 ��	

�����������	 ��	 ��	 �������$	 8���	 ����������	 ��	 *������	 ���	 �������	 �**������	 ���	 ���	

�����������	��	����	�'������	�����	���	������������	������������	��	���	�����������$	

	

	

	

	

	

	



��������	

	�	���������	�����������	

51


L$B$	L���������	���	�������	

	

I���	��������	 ����	 ����������	 ����	 �������	 ��	 �������	 ���	 �������	�	 ��	������	 ��	 ���������	

������	��	�������	����	�������	���	������������	�'������	���	������������	����������	��	

��	�������	������	����	�&��	����������	����	�������	���	������������	�'������	3	����	���	

��������$		

	

�����	 ���������	���	���	������	��	 �������	�*��	���������	 ��	�������	���	�������$	���	���������	

��������������	@PL0( 	��	-.L(;	��	��	��������	 �������	��	 ��'��������	@> :	���	���	�������	

����	*���	3	�����	���	��������	������������	��	�������$	��	����������	��	���	���������	���	

���	�������	��'�����	���	��	���������	����	������	��	�������	���	�������	�������	����	��	�����	

�������	���������	6��'����	

$ 7$	���	��*������	������	����	��	��������	-.L(;	��	����	��	��������	

@PL0( 	����	�����	�����������	���	=�����	��	��$	6;OO#7$	���	��**������	�����	���	��������	

����	 �����	 �������	 ��	 ���	 �������	 �����������	 ����5����	 ���	 :C$	1���	 ��	 ��������	@> :	

����	�����	����	����	��*������	���	�������	�����������	���	������	��	��$	6 !!K7	���*		����	��	��	

����	������	����	�����	����	����	��*�����	��	�������	���	�������	���������	��	�.�-	���	���	

�������	 ����	 ��$	 
�	 ���	 ��**������	 ����5����	 ���	 KC	 ���*	 ����	 ��	 >'/	 ��	 ��	 ��	 ��	 .�$	 ���	

��������	����������	���	����������	����	�����������	���	�������	��	��������	6�������������	#$B/	

;:$"	��	"$<C7	����	���	����	�������������	�������	������(����	�����	������	���	�������	*�����	���	

�	 ��������	 ����	 ��	 ��������	 ���	 ��*������	 3	 ;/KC$	 =�	 *���/	 �������	 ����	 ��������	 ���	

������������	��	>'/	��	��	.�	��	���	�����������	���	���	3	��	������	��'����	���	������	��	��$	

6 !!K7	����	3	��	�������	���	�������	���������	��	�.�-	���	���	�������	����	��/	���	��**������	

����������	 ��������'��$	 
�	 ���	 ���	 �����'��	 ������	 ��**�����	 ��	 ��������	 �����	 ���	 �������	

*�����	���	������	��	��$	6 !!K7	��	���	�A����	����	3	���������	���	��**������	���������	��	>'/	��	��	

.�$	��	*���	���	����	�����	��	����(����	*��'��	�����	���	�������	�**������	���	����	
�1(�2	

��**������	 ����	 *���	 ������	 ���	 ���	 �������	 ����	 ���������	 ��	 ���	 ���	 ������������	 ���	

��������	>'/	��	��	.�		��'�����	���	������	��	��$	6 !!K7	��	����	����(&���	���	�������$	

	

G���	�**����	���	���	�����������	;#	���������	�����	6���	�����������	���	���	��������	����	*���	

��	�����	��	��������	���	�����	��	����5��	�������7/	;B	���������	6����	���������	*�����	3	������	��	��	

�&��	 ��������	�5��7	 ��	 O	 �����	 6��	 ��������	 *����	 ���	 �������	 ����	 *���	 ����	 �����	 �������	 ��	

�������7$	��	�����(��������	���	���������/	���������	��	�����	����������	���	��**�����	��*�������	3	

KC	6*$	������	S	I��������/	>��������	��	>����	T7$	=�	��������/	 %�	�����5��	���	���	��������	

���	��������	�����	���������	����	��	����	��5��	����	*��'���	��	��	'����	�������$	



�
�
��
��
��
	


	
�	�

�
�
�
��
�
��
	�
�
��
��
��
�
��
	

5
2

  
A

G
V

-1
 

B
H

V
O

 -
 2

 
B

R
2
4
 

  
A

G
V

-1
 m

o
y
e
n
 

2
 R

S
D

 
R

éf
ér

e
n
ce

 
%

 d
if

f 
B

H
V

O
 -

 2
 

2
 R

S
D

 
R

éf
ér

e
n
ce

 
%

 d
if

f 
B

R
2

4
 m

o
y
en

 
2

 R
S

D
 

R
éf

ér
e
n
ce

 
%

 d
if

f 

  
(n

=
1

7
) 

(%
) 

E
g
g
in

s 
et

 a
l.

 
  

(n
=

1
7

) 
(%

) 
E

g
g
in

s 
et

 a
l.

 
  

(n
=

1
7

) 
(%

) 
M

ar
in

i 
et

 a
l.

 
  

L
i 

1
0

.9
 

0
.1

9
 

1
1

.2
 

-3
.1

0
 

4
.8

1
 

0
.1

3
 

4
.8

4
 

-0
.6

8
 

7
.0

5
 

0
.1

4
 

6
.9

9
 

0
.8

8
 

R
b

 
7

0
.4

 
1

.3
0

 
6

8
.3

 
3

.0
1

 
9

.5
0

 
0

.1
5

 
9

.6
5

 
-1

.5
9

 
8

5
.1

 
1

.3
2

 
7

9
.3

 
7

.3
4

 

S
r 

6
8

0
 

1
4

.8
2

 
6

5
5

 
3

.8
3

 
4

0
9

 
1

0
.2

8
 

4
1

3
 

-1
.0

7
 

6
3

1
 

1
0

.8
2

 
6

1
7

 
2

.3
5

 

Y
 

2
1

.6
 

0
.4

5
 

2
1

.0
 

2
.7

2
 

2
9

.1
 

0
.6

4
 

2
9

.3
 

-0
.6

8
 

3
1

.8
 

0
.5

2
 

3
1

 
2

.4
7

 

Z
r
 

2
4

8
 

3
.4

3
 

2
4

0
 

3
.1

9
 

1
8

5
 

3
.6

3
 

1
8

6
 

-0
.6

3
 

3
1

0
 

4
.5

9
 

3
1

4
.6

 
-1

.5
0

 

N
b

 
1

4
.8

 
0

.6
1

 
1

4
.9

1
 

-0
.5

8
 

1
9

.3
 

0
.8

5
 

1
9

.8
 

-2
.7

0
 

4
1

.1
 

1
.7

1
 

4
1

.8
1

 
-1

.7
5

 

C
s 

1
.2

9
 

0
.0

2
 

1
.3

0
5

 
-1

.2
4

 
0

.0
9

9
 

0
.0

0
 

0
.1

0
1

 
-1

.9
8

 
0

.6
4

4
 

0
.0

1
 

0
.7

5
4

 
-1

4
.6

1
 

B
a

 
1

2
1

8
 

1
5

.0
9

 
1

2
2

3
 

-0
.4

5
 

1
3

1
 

2
.1

8
 

1
3

1
 

0
.2

7
 

3
9

1
 

9
.1

0
 

3
9

3
 

-0
.5

8
 

L
a

 
3

8
.1

 
0

.6
8

 
3

8
.5

 
-0

.9
5

 
1

5
.1

 
0

.4
0

 
1

5
.2

 
-0

.9
3

 
3

3
.5

 
0

.7
2

 
3

4
.7

 
-3

.5
6

 

C
e 

6
9

.1
 

1
.3

0
 

6
8

.5
 

0
.8

2
 

3
7

.5
 

1
.0

5
 

3
7

.8
 

-0
.7

2
 

7
3

.9
 

1
.7

7
 

7
4

.4
 

-0
.6

4
 

P
r 

8
.4

1
 

0
.1

1
 

8
.4

5
 

-0
.4

8
 

5
.3

3
 

0
.0

7
 

5
.3

2
 

0
.2

1
 

9
.5

8
 

0
.1

4
 

9
.9

9
 

-4
.1

2
 

N
d

 
3

1
.5

 
0

.3
4

 
3

1
.6

 
-0

.1
7

 
2

4
.3

 
0

.2
7

 
2

4
.4

 
-0

.4
8

 
3

9
.6

 
0

.5
4

 
4

1
.1

 
-3

.5
5

 

S
m

 
5

.7
8

 
0

.0
6

 
5

.8
2

 
-0

.7
0

 
6

.0
6

 
0

.0
8

 
6

.0
7

 
-0

.1
1

 
8

.3
5

 
0

.1
4

 
8

.6
8

 
-3

.7
5

 

E
u

 
1

.5
9

 
0

.0
3

 
1

.5
6

5
 

1
.6

0
 

2
.0

0
 

0
.0

3
 

2
.0

1
 

-0
.7

0
 

2
.4

9
 

0
.0

3
 

2
.6

 
-4

.1
9

 

T
b

 
0

.6
5

5
 

0
.0

1
 

0
.6

6
4

 
-1

.3
6

 
0

.9
1

8
 

0
.0

1
 

0
.9

5
 

-3
.5

5
 

1
.0

6
 

0
.0

1
 

1
.1

 
-3

.7
4

 

G
d

 
4

.6
3

 
0

.0
5

 
4

.7
3

 
-2

.0
6

 
5

.9
4

 
0

.0
9

 
5

.9
8

 
-0

.5
9

 
7

.3
0

 
0

.1
0

 
7

.8
3

 
-6

.7
9

 

D
y

 
3

.5
0

 
0

.0
5

 
3

.5
4

 
-1

.0
5

 
5

.2
1

 
0

.0
7

 
5

.1
8

 
0

.5
3

 
5

.6
8

 
0

.0
6

 
5

.8
7

 
-3

.2
5

 

H
o

 
0

.6
8

2
 

0
.0

1
 

0
.6

9
0

 
-1

.2
0

 
0

.9
9

0
 

0
.0

2
 

0
.9

8
7

 
0

.2
7

 
1

.0
6

 
0

.0
2

 
1

.0
9

 
-2

.7
0

 

E
r 

1
.8

6
 

0
.0

2
 

1
.8

5
6

 
0

.2
5

 
2

.5
6

 
0

.0
3

 
2

.5
5

 
0

.3
5

 
2

.7
1

 
0

.0
3

 
2

.7
9

 
-2

.7
6

 

Y
b

 
1

.6
3

 
0

.0
3

 
1

.6
4

4
 

-0
.7

4
 

1
.9

7
 

0
.0

3
 

1
.9

9
 

-0
.8

6
 

2
.1

2
 

0
.0

3
 

2
.1

5
 

-1
.5

6
 

L
u

 
0

.2
4

9
 

0
.0

1
 

0
.2

4
8

 
0

.4
5

 
0

.2
8

1
 

0
.0

0
 

0
.2

8
4

 
-1

.0
8

 
0

.3
0

4
 

0
.0

0
 

0
.3

0
6

 
-0

.7
9

 

H
f 

5
.0

1
 

0
.0

5
 

5
.0

0
 

0
.2

7
 

4
.3

4
 

0
.0

6
 

4
.3

3
 

0
.3

4
 

6
.7

4
 

0
.1

0
 

6
.9

8
 

-3
.5

1
 

T
a

 
0

.8
5

8
 

0
.0

1
 

0
.8

8
2

 
-2

.7
7

 
1

.1
8

 
0

.0
2

 
1

.1
8

 
-0

.2
0

 
2

.4
5

 
0

.0
4

 
2

.5
1

 
-2

.5
1

 

P
b

 
3

5
.9

 
0

.8
3

 
3

7
.2

7
 

-3
.6

8
 

1
.5

4
 

0
.0

8
 

1
.5

5
 

-0
.4

6
 

3
.6

7
 

0
.0

7
 

3
.6

2
 

1
.3

6
 

T
h

 
6

.4
6

 
0

.0
9

 
6

.5
3

 
-1

.1
2

 
1

.2
5

 
0

.0
3

 
1

.2
5

 
0

.0
5

 
4

.8
6

 
0

.1
2

 
4

.8
1

 
1

.0
6

 

U
 

1
.8

9
 

0
.0

4
 

1
.8

8
5

 
0

.1
1

 
0

.4
1

4
 

0
.0

1
 

0
.4

0
8

 
1

.3
8

 
1

.2
2

 
0

.0
2

 
1

.1
9

 
2

.6
2

 

T
a
b

le
a
u

 I
I.

2
: 

M
o
y
en

n
es

 d
es

 s
ta

n
d
ar

d
s 

et
 é

ca
rt

s 
ty

p
es

 s
u
r 

le
s 

n
 m

es
u
re

s 
ef

fe
ct

u
ée

s 
et

 c
o
m

p
ar

ai
so

n
 a

v
ec

 l
es

 r
éf

ér
en

ce
s 

p
u
b
li

ée
s 

su
r 

ce
s 

st
an

d
ar

d
s 

(l
es

 

ré
fé

re
n
ce

s 
so

n
t 

d
o
n
n
ée

s 
d
an

s 
le

 t
ex

te
).

 T
o
u
te

s 
le

s 
v
al

eu
rs

 s
o
n
t 

en
 p

p
m

.



��������	

	�	���������	�����������	

53

#� �	������������������,�	��

	

L$;$	2����������	���	��������	����	

	

,�����	����5���	�����������	����	�������	����	��	����	��5��	�	��	1'/	��	2�/	��	8�	��	��P*$	-*��	��	

�������	���	��������	�����������/	��	����������	��	����	���	��������	�������	���	���������	����	

��������	���	���'����/	���	�����	��������	�������	����	��	��	������	���	�������5���	��	�����/	��	

��������	 �����	 ��	 ������/	 ���	 ���&������	 ������������	 ����	 ��	 �������5���	 ��	 �����$	 �����	

����������	�	���	�**�����	���	��������������	���	�������	����������	������	��	�����	'�����	��	

�.�-$	-*��	��	���������	 ���	 �������	��	������������	����5��/	 ����	 ���	�����	��������	 ����	��	

��	�����������	���	���	������'������	���������	��	���	���������������	���	���	���������	����	�����	

3	 *���	 ���������$	 ��	 �������	 ���	�������	 ��	 1'/	 2�/	8�	 ��	P*	 ���	 ���	 �**������	 ���	 ��	�&��	

��������	 ������������$	 G���	 �������	 ���	 �����	 ������������	 ����������	�	 �������	 K!!	 ��	 ��	

��������	����	�����	���	������	�	���	������	���	���	�������$	?�	���������	3	��P��	�����	����	'��	

����������	 ������������	 �����*������	 �����������	 ��	 ��	 ����	 �	 ���	 �**����	 ���	 ��	 ��������$	 ��	

��������	 ���	 �����	 ����	 �I������	 ��	 �������	 6;OO;7$	 1���	 ��������	 �����������/	 ��	

�����5��	��������	�	���	�������	��	���	�����5���	�������	��	��������	�����������	��	8�	��	��P*	

���������	���	�'����$	I���	�	��/	����	�����	�������	��	��	������	������������	��	����	�������	

���	 �������	 ��	 ���������$	 ���	 ��������/	 ����	 ��	 ������/	 ���	 ���	 �������	 ����	 ���	 ��������	 ��	

��*���	���	�������	K	��	��P�	 :8	��	;/K	��	��P80B	;:8	��	��	��������	������	���	����������	

����	��	������	

$ $	

	

�����������!������-�

��	����������	��	1���'	�	���	�**�����	�����	��	�������	������	���	������	��	��$	6;O<:7	��H�	3	

���	 �������	 ��	 ��*���	 ��������	 �������	 !/;	 ��	 ��	 ������	 ���������	 -.;(+<$	 -��5�	

�����������	 ��	 ��	 ��������	 ���������	 ��	 ������	 ��	 ���	 ������	 ����	  	��	 ��P@�	 !/#8	 ����	���	 3	

��������	3	; !R�$	��P@�	������	 ��	����	��	��������	��	1���'	��	*������	��	�������	1'@�	

*��������	�����	��	���������	����	��	������	���	�������	�������	���������	���	������	��������$	��	

������	�'����	���	���	��������	*���	������	��	P@�	!/#8	����	�����*���$	��	��������	������������	

������	 ���	 ���	 �������	 ���	 �%�����	 ����	 �'�����	 �������	 ;!!!	 ��	 ��	1'	 �	 ���	 ���	 ���������	

��**�����	����	���	�������	���	�������5���	��	�����	��	�	���	����	������	���	��	�����	�������	

����9	��	2�/	8�	��	��P*	����	��	�����	���	�����������	��������$	���������	���	��������	������	���	

��	1'	��	*���	���	���%���	������*	��	!/K	��	��P@�	��	!/ 	��	��P��	 8$	��	����'	���	�������	����	

��	 �%������	 ;	��	 ��P��	 "8$	 ?�	 �����	 �������	 ���	 ��	 ������	 ���	 ������	 �*��	 ���'�����	 ���	

���������	����*������$	��	������	���	�������	%����$	

	



��������	

	�	���������	�����������	

54

Echantillon dissou en HF - HNO3

Colonne de résine

anionique AG1-X8

Colonne de résine

cationique AG50W-X8

Plomb

Colonne de résine

anionique AG1-X8

Colonne de résine

Ln - Spec

Colonne de résine

Sr-Spec

Colonne de résine

cationique AG50W-X8

Hafnium

NéodymeStrontium

	

Figure II.2: Procédure suivie pour l'élution des éléments étudiés.�
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�1(�2	 ��	 �
�2$	C’est aussi l’occasion de mesurer la propreté de la 

chimie en quantifiant les blancs de chimie (cf. chapitre V.3.). 
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Eléments Masse des blancs de chimie (en pg) Moyenne

Pb 37 37 34 31 35 

Sr 76 102   89 

Nd 43 65 178 96 96 

Hf 19 73 15 426 133 

Tableau II.3: Masse de Pb, Sr, Nd et Hf dans les différents blancs de chimie réalisés lors de cette 

étude�
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Date Avril 2008 Juin 2008 

Ames - Rennes 125 ppb 125 ppb 

n 20 4 

Intensité Nd (V) 14.2 12.6 

Sensibilité (V/ppm) 114 100 
143

Nd/
144

Nd moyen 0.511980 0.511969 

2 sigma 0.000016 0.000016 

2 RSD ppm 31 31 

Tableau II.4: Conditions de mesures du Nd. n est le nombre de mesures sur le standard. L'intensité 

Nd est la somme des intensités mesurées sur chacune des cages de Faraday collectant du Nd. La 

sensibilité est l'intensité équivalente pour une concentration en Nd de 1 ppm. 2� est l’écart type sur les 

n mesures du standard et RSD est l’écart type relatif.
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Figure II.3: Valeurs obtenues sur le standard Ames-Rennes lors des deux sessions d'analyses. La 

valeur de références est celle de Chauvel et Blichert-Toft (2001).

	

&	���	��!	��$��'�����

��	�������	 ;#OP*W;##P*	���	�������	����	��	������	6!$#B K7	��	����	3	�**�����	���	���������	��	

*������������	��	�����$	��	��������	G��:#K	�	���	������	B 	*���	���	�����	��������	����������	

6������	 

$:7$	 ��	 ������	 �������	 �'�����	 ���	 �������	 ����	 ��	 ��'����	 

$K$	 ��	 ��������	 ��	

��������	'��V�����	�	���	���������	����	��	��������	���	���	�������	���	�����������	��	���������	

��	������	����������	���	@������(��*�	��	��$	6;OO#7	����	��	��������	G��:#K$	

	

0.28212

0.28214

0.28216

0.28218

0.28220

0.28222

0 5 10 15 20 25 30 35

Avril 2008

Mai 2008

Juin 2008

Référence

Nombre de mesures

1
7
6
H

f/
1
7
7
H

f

Figure II.4: Valeurs obtenues sur le standard JMC475 lors des trois sessions de mesures. La valeur de 

références est celle de Blichert-Toft  et al. (1997). 
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Date Avril 2008 Mai 2008 Juin 2008 

JMC475 100 ppb 100 ppb 100 ppb 

n 13 11 8 

Intensité Nd (V) 11.4 5.8 10.3 

Sensibilité (V/ppm) 114 58 103 
176

Hf/
177

Hf moyen 0.282184 0.282158 0.282193 

2 sigma 0.000017 0.000023 0.000014 

2 RSD ppm 59 82 51 

Tableau II.5: Récapitulatif des conditions de mesures de l’Hf.
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Date Mars 2007 Mai 2007 

NBS981 30 ppb 30 ppb 

n 23 7 

Intensité Pb (V) 7.1 5.6 

Sensibilité (V/ppm) 238 188 
206

Pb/
204

Pb moyen 36.6940 36.6831 

2� 0.0056 0.0043 

2 RSD ppm 153 116 
207

Pb/
204

Pb moyen 15.4895 15.4862 

2� 0.0023 0.0018 

2 RSD ppm 148 115 
208

Pb/
204

Pb moyen 36.6940 36.6831 

2� 0.0056 0.0043 

2 RSD ppm 153 116 

Tableau II.6: Conditions de mesures du Pb. 
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Figure II.5: Valeurs obtenues sur le standard NBS981 lors des deux sessions d'analyses. La valeur de 

références est celle de Galer et Abouchami (1998).
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Figure II.6: Diagrammes d'isotopes du Pb de la première séance de mesures. Certaines mesures 

sortent du champ de valeurs normales pour les laves d'arc. Des couples de mesures effectuées sur la 

même solution sont nettement différents: il y a un problème d'acquisition de données.
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Date Avril 2008 Juin 2008 

NBS981 500 ng 500 ng 

n 10 3 
87

Sr/
86

Sr moyen 0.710255 0.710258 

2 sigma 0.000010 négligeable 

2 RSD ppm 15 - 

Tableau II.7: Récapitulatif des conditions de mesures du Sr.
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Figure II.7: Valeurs obtenues sur le standard NBS987 lors des deux sessions d’analyses.
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Figure II.8: Dupliqués de chimie et répliqués de machine sur les meures du Pb. L’erreur machine est 

inférieure à la taille des points. La différence observée entre deux analyses du même échantillon est 

négligeable par rapport à la variabilité de l’ensemble des données.
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Figure II.9: Dupliqués de chimie et répliqués de machine sur les mesures du Nd. L’erreur machine est 

inférieure ou égale à la taille des points. La différence observée entre deux analyses du même 

échantillon est négligeable par rapport à la variabilité de l’ensemble des données.
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Figure II.10: Dupliqués de chimie et répliqués de machine sur les mesures de l’Hf. L’erreur machine 

est figurée par les barres d’erreur. La différence observée entre deux analyses du même échantillon est 

du même ordre de grandeur que l’erreur machine. 



��������	

	�	���������	�����������	

66

����������

 	���������	��	B	���������	���	���	�**�����	����	���	��������	��	2�	6������	

$;;7$	��	��**�����	

��������	�'������	���	��	�������	<#2�W<"2�	���	��	!$!KZ$	

	

0.703

0.704

0.705

0.706

0.707

1 2 1 2 3

Dupliqués Répliqués

8
7
S

r/
8
6
S

r

Figure II.11: Dupliqués de chimie et répliqués de machine sur les mesures de l’Hf. L’erreur machine est 

inférieure à la taille des points. La différence observée entre deux analyses du même échantillon est négligeable 

par rapport à la variabilité de l’ensemble des données.
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Figure III.1: Code utilisé pour représenter les différentes phases et épisodes volcaniques.	
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Figure III.2: Carte géologique de la Martinique d'après Westercamp et al. (1989) et synthétisée par 

Aurélie Germa. �
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Matrice

Echantillons Type Altération Texture % vol. Pl Cpx Opx Ox Ol Amph Bt Qz

07MT82 BA x P 40 xxx xx x x xx (alt) verre + pl

07MT113 And xx P 50 xxxx x (alt) x (alt) x pl + ox

07MT115 And x P 50 xxx xx x x verre

06MT68 Bas x P 50 xxxx xx x x xx (alt) pl + px+ ol

07MT78 BAs x P 30 xxx xx x xx (alt) pl + px + ol + ox

06MT66 Rhy A 10 x verre +pl

06MT67 Dac x A 7 x microlithique

07MT83 Rhy x A 10 x microlithique

07MT80 Bas xx P 60 xxx xx x x xx (alt) verre + pl + px

07MT79 And A 1 x x microliothique

07MT81 BA P 50 xxxx xx xx x verre + pl

06MT53 And P 30 xxx xx xx x verre + pl

07MT114 And P 60 xxx xx x x verre + pl

06MT54 BA P 50 xxx xx xx x verre + pl + px

06MT73 Dac x P 10 xx x microlithique

06MT70 BA P. V. 20 xxx x x microlithique

07MT104 BA F 5 xx x pl + px

07MT116 Bas P 50 x pl + px + ox

07MT103 Dac x F 10 xx x x microlithique

07MT95 Bas A 5 xx x x pl + px + ox

07MT108 Bas P 60 xxxx x x (alt) pl + px + ox

06MT64 Bas A. F. 1 x pl + px + ox

07MT96 Bas A 5 xx x x (alt) pl + ox + verre

07MT98 And xx P 20 xx x x pl + ox

06MT63 And A 5 xx x x microlithique

07MT110 BA P 10 xxx xx x x (alt) mélange magma

07MT111 BA A 0 verre + pl

07MT97 And x P 5 x x x pl + ox + verre

07MT105 Bas P 40 xxx x pl + ol + verre

06MT69 Bas A 1 x pl + ox + ol

07MT86 And P 30 xxx xx x x verre

07MT89 And P 40 xxx x xx x verre

06MT71 Bas P 30 x x x (alt) pl + ol + px

07MT94 BA A 3 x verre + pl

06MT74 And A 0 verre + pl

07MT90 BA P 60 xxx x xx x verre + pl

07MT75 And P 40 xxx x xx x verre + pl

06MT65 And P 40 xxx xx xx x verre + pl

07MT85 And P 50 xxx xx xx x verre + pl

07MT84 Bas P 15 xxxx xx x xx (alt) microlithique

07MT93 And P 60 xxx xx xx x verre + pl

07MT76 And P 50 xxx xx xx x verre

06MT60 And P 50 xxx xx x x verre

07MT91 BA P 50 xxx x x x verre + pl

07MT92 BA P. V. 50 xxx xx xx x verre + pl

06MT72 Dac P 50 xx x x xx verre + pl

06MT32 Bas x P 5 xxx x x x (alt) pl + ol + px

06MT23 BA P 30 xxx x xx pl + px

07MT117 Bas xx P. V. 50 xxx x x x pl + ox

06MT39 Bas xx P. V. 40 xx x verre + ox + pl

07MT106 Bas x P 40 xxx x x x (alt) verre + ox + pl

07MT112 Bas x P 25 xxx x x xx (alt) verre + ox + pl + ol

06MT33 Bas P 5 xx x x verre + ox + pl + px

07MT107 BA P 15 xxx x x verre + ox + pl

06MT22 Bas P 25 xxx x verre + ox + pl

06MT34 BA P 40 xxx x x ox + pl

06MT35 BAs x P 30 xxx x x (alt) pl + ox + px

Phénocristaux

	

Tableau III.1: Description pétrologique des échantillons prélevés en Martinique. Le type, l’altération, 

la texture, le pourcentage et le type de phénocristaux ainsi que la nature de la matrice sont reportés. Le 

nombre de croix indique l’importance de l’altération ou de la phase minéralogique.
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Texture

Matrice

Echantillons Type Alteration % vol. Pl Cpx Opx Ox Ol Amph Bt Qz

06MT30 BA xx P 30 xxx xx x x pl + verre

06MT29 And xx P 40 xxx xx x pl + verre

06MT20 BA xx P 50 xxx x pl + verre

06MT13 And xx P 30 xxx xx xx x pl + verre

06MT13b And P 30 xxx x xx x pl + verre

06MT12 BA xx P 40 xxx xx x x pl + verre

06MT08 And A 5 x x verre

07MT120 And A 5 x x x verre

06MT25 And P 50 xxx xx xx x pl + verre

06MT10 And P. V. 30 xxx x xx x pl + verre

06MT15 And P 40 xxx xx xx x pl + verre

07MT118 And P 50 xxx xx xx x pl + verre

06MT04 And P 40 xxx xx xx x pl + verre

06MT38 And P 40 xxx xx xx x pl + verre

07MT101 And P 40 xxx xx x x pl + verre

06MT19 And P 40 xxx xx xx x pl + verre

06MT24 And P 40 xxx xx xx x pl + verre

06MT01 And P 40 xxx x x x pl + verre

06MT16 BA P 50 xxx xx xx x pl + verre

06MT17 And P 50 xxx x x x pl + verre + px

06MT31 And P 40 xxx xx xx x pl + verre

07MT99 And P 40 xxx xx xx x pl + verre

06MT14 And P 40 xxx xx xx x pl + verre + px

06MT62 BA P 50 xxx xx x x verre + pl

06MT55 And P 60 xxx x xx x verre + pl

07MT88 And P 40 xxx x xx x x verre + pl

06MT61 BA P 30 xx xx x x microlithique

06MT57 And P. V. 30 xxx x xx verre

07MT87 And P 60 xxx x xx xx verre + pl

06MT58 BA P 15 xx xx x x x verre + pl + px

06MT59 And P 30 xxx xx x x x mélange magma

06MT56 And P. V. 30 xxx x x xx x x verre + pl + ox

07MT77 And P 30 xxx x x x x verre + pl

IAR Bas P 60 xx x x xx pl + pl + px

06MT36 Dac P 50 xxx x xx x x xx verre + pl

06MT21 And P 40 xxx x xx x x x verre + pl

06MT06 And P 30 xxx x xx x x x verre + pl

07MT123 And P 30 xxx xx x x x x mélange magma

04MT07 And P 40 xxx xx x x x verre + pl

07MT122 And P 40 xxx x x x x mélange magma

ALMA And P 30 xxx x x x x xx xx verre + pl

04MT02 And P 40 xxx x x x x xx xx mélange magma

06MT37 BA P 30 xxx x x x x xx xx verre + pl

07MT102 And P 40 xxx x x x x xx xx verre + pl

07MT119 And P 30 xxx x x x x xx xx verre + pl

07MT121 And P 30 xxx x x x x x xx x verre + pl

06MT28 And P 40 xxx x x x xx verre + pl

06MT27 And P 60 xxx x xx x xx xx verre + pl

06MT42a And P 40 xxx x x x verre + pl

06MT42b And P 30 xxx x x x verre + pl

06MT41 And P 50 xxx x x x x x verre + pl

06MT43 And x P 30 xxx x x x xx verre + pl

06MT18 And P 30 xxx x x x xx verre + pl

06MT44 And x P 40 xxx x x x x xx verre + pl

06MT48 And P 50 xxx x x x xx x verre + pl

06MT45 And P 40 xxx xx x x x x verre + pl

06MT47 And P 50 xxx x x x xx verre + pl

06MT46 And x P 40 xxx x x x xx verre + pl

06MT40 And P 30 xxx x xx x xx x verre + pl

06MT52 And P. V. 30 xxx x x verre + pl

06MT51 And P. V. 40 xxx x x verre + pl

06MT50 And P 50 xxx x x verre + pl

Phénocristaux

	

Tableau III.1 (suite) 
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Figure III.3: Cartes géologiques synthétiques des presqu'îles de la Caravelle et de Sainte Anne 

(Westercamp et al., 1989) et localisation du lieu de prélèvement de nos échantillons.

	

�����	������	���	��������	��	���0	������	�����������	�	��	������0�	��	����	��	��	����	��	8�����	

�����	 ���	 �����	 ��	 ������0�	 ��	 ����	 �������	 ���	 ������	 �������� 	 ���������	 ��	 �������	 ���	

������	����	�������	��	�����(������	+;������	


�2/�	��	�����������	���	���������	��������	�����	

����	��	�����������0	�����	�����������	����	��	��������	������(��0*��� 	������(��0*��� 	�0(���	

��	��������	������	����	�����	������� 	��	����	������	����������	+7�����	


�F/�	



��������	


	�	��������	

75

07MT82 07MT113

1 mm 1 mm

LPA LPA

Figure III.4: Photos de lames minces du complexe de base. L’échantillon 07MT82 est un basalte 

andésitique à pl, cpx, opx, ox et ol et l’échantillon 07MT113 est une andésite à pl, cpx, opx et ox.
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Figure III.5: Photos de la péninsule de Sainte Anne et de lames minces en Lumière Polarisée 

Analysée (LPA). L'échantillon 06MT54 est un basalte andésitique à pl, cpx, opx et ox et l'échantillon 

06MT66 est une rhyolite peu porphyrique à pl.
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Figure III.6: Carte des phases sous-marine et aérienne de Vauclin - Pitault (Westercamp et al., 1989) 

et localisation du lieu de prélèvement de nos échantillons. 
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Figure III.7: Photos de basaltes en coussins et de coulée de lave massive de Vauclin - Pitault
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07MT95 07MT105

1 mm
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LPALPA

Figure III.8: Photos de lames minces en LPA de la phase sous-marine de Vauclin - Pitault. Les 

échantillons 07MT95 et 07MT105 sont des basaltes et les échantillons 06MT70 et 07MT104 sont des 

basaltes andésitiques. Les phases minéralogiques contenus dans ces échantillons sont le plagioclase, le 

clinopyroxène et les oxydes.
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Figure III.9: Photos d’une coulée et de lames minces en LPA de laves de la phase aérienne de 

Vauclin-Pitault. L’échantillon 07MT85 est une andésite à pl, cpx, opx et ox; l’échantillon 06MT71 est 

une andésite à pl, ox et ol altérées et enfin l’échantillon 06MT74 est une andésite microlithique.

	

La troisième structure de l’arc intermédiaire est constituée des phases volcaniques S et SW 

martiniquais et Gros Ilet (Figure III.10). Les laves de la phase S et SW martiniquais sont 

toutes porphyriques avec approximativement 50% de phénocristaux de plagioclase, 

clinopyroxène, orthopyroxène et oxyde (Tableau III.1 et Figure III.11). La seule lave que 

nous avons échantillonnée de la phase Gros Ilet est une dacite à plagioclase, biotite et quartz 

(06MT72). Notre échantillon ne contient pas de minéraux de grenat (Figure III.11) pourtant 

caractéristique de la phase de Gros Ilet (Westercamp et al., 1989), mais le minéral est d’après 

Westercamp (1976) très dispersé dans les laves de Gros Ilets.
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Figure III.10: Carte des phases volcaniques S et SW martiniquais et Gros Ilet d’après (Westercamp et 

al., 1989) et localisation de nos échantillons. 
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Figure III.11: Photos d'affleurement et de lames minces en Lumière Polarisée Non Analysée (LPNA) 

de notre échantillon de Gros Ilet (06MT72) et photos de lames minces de la phase S et SW 

martiniquais (06MT60 et 07MT92).
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Figure III.12 : Carte des phases sous-marine et aérienne de Jacob d’après Westercamp et al. (1989) et 

localisation du lieu de prélèvement de nos échantillons.�



��������	


	�	��������	

81

	

Figure III.13: Photos d'affleurements et de lames minces de laves de la phase sous-marine de Jacob.	
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Figure III.14: Photos d'affleurements et de lames minces des laves de la phase aérienne de Jacob.

	

Le volcanisme de la presqu’île des Trois Ilets (Figure III.15) est très hétérogène en terme de 

dynamisme éruptif et de nature pétrologique des laves. L’hétérogénéité des laves (Figure 

III.16) de cette phase ainsi que les nombreuses enclaves contenues dans les laves (Tableau 

III.1) ont été interprétées par Gourgaud et Gerbe (1990) et par Westercamp et al. (1989) 

comme des témoins de mélanges mécaniques entre laves de différentes compositions 

chimiques au sein de nombreuses petites chambres magmatiques superficielles différenciées 

et périodiquement réalimentées par des montées de magmas basaltiques.
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Figure III.15: Carte de la phase volcanique de trois Ilets d'après la carte géologique de Westercamp et 

al. (1989)  et localisation du lieu de prélèvement de nos échantillons.�

	

	

Figure III.16: Photos du Morne Larcher et de lames minces de la phase volcanique de Trois Ilets.�



��������	


	�	��������	

84

��	��������	����������	���	�������	�������	


�� !	���	���������	��������	�"���������	������	

�"��������	�����#������	�������	 �������	


��$!�	�"����������	������������	���	�����������	��	

�����	 �����	 ���	 ��������	 ��	 ��%	 ���%	 ���%	 ��%	 ����%	 �&	 ��%	 ����������	 ����	 ���	 �����	 ��	 ��	

�����'��	 �����%	 ��	 ��	 �(������	 


��!�	 )��������	 �����	 �����������	 ���	 ��������	 ��	 �����	 ����	

��������	 �* +(�,-%	������	 


��.!	 ��	 �"����������	* +(�,�	 ��������	��	�����&	 ��	 ���	��������	

�������	


��.!�	���	���������������	��������	���/�����	 ���	�����'���	��	������	������	���	

0���������	��. .!�		

	

!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

ALMA

06MT37

06MT02

07MT119

07MT102

07MT121

07MT122

06MT06
06MT0706MT0706MT07

06MT21

06MT36
07MT123

®

kilomètres

1050
	

Figure III.1: Carte du massif du Carbet d'après Westercamp et al. (1989) et localisation du lieu de 

prélèvement de nos échantillons.�
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Figure III.2: Panorama des pitons du Carbet�
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Figure III.3: Photo de lames minces de la phase volcanique des Carbets.�
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Figure III.20: Carte des massifs du Conil et de la Pelée d'après Westercamp et al. (1989) et 

localisation du lieu de prélèvement de nos échantillons.�
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Figure III.21: Photos de roche, lames minces et affleurement de lave de la phase Conil.�
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Figure III.22: Photo de la montagne Pelée et de lames minces de laves échantillonnées sur celle-ci.
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Figure III.23: Histogramme de fréquence de la teneur en SiO2 des laves de la Martinique.
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Figure III.26: Comparaison entre les données disponibles dans la littérature sur les laves 

martiniquaises (cercles rouges) et les nouvelles données de cette étude (losanges violets). Les données 

de la littérature sont issues de la compilation de Georoc du mois de juin 2007 (http://georoc.mpch-

mainz.gwdg.de/georoc/)
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Figure III.27: Spectres d'éléments traces normalisés au manteau primitif de McDonough et Sun 

(1995).�
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Figure 27 (suite) 
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Figure III.28: Spectres de terres rares normalisés aux chondrites d’Evensen et al. (1978)�
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Figure 28 (suite) 
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Figure III.29: Comparaison entre les rapports isotopiques actuels et initiaux des laves martiniquaises.
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Figure III.30: Comparaison entre les données disponibles de la littérature sur la Martinique (cercles 

rouges) et les nouvelles données de cette étude (losanges violets). Les données sont issues de la 

compilation de Georoc que l’on peut trouver sur le site http://georoc.mpch-mainz.gwdg.de/georoc/
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Données d’après la compilation de Georoc de juin 2007. La NHRL d’après Hart (1984) est aussi 

représentée.   
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Abstract 

The chemical and isotopic characteristics of island arc lavas are usually attributed to the 

combined effects of subducted materials and processes occurring in the mantle wedge. Most 

island arcs have compositions displaced towards continental crust values relative to MORB, 

none more so than the Lesser Antilles arc. Not only do lavas from the Lesser Antilles arc 

contain a high proportion of crustal material but they also display a very large range of 

chemical and isotopic compositions. Lavas on Martinique Island cover most of the variability 

known for the entire arc, and volcanism occurred almost continuously for the last 25 Ma. It is 

therefore an ideal target to establish the causes of the chemical and isotopic variability and to 

evaluate whether a secular relationship exists.  

We measured Pb, Sr, Nd and Hf isotopic ratios on 30 well-dated Martinique samples whose 

ages range between 25 Ma and the present. Samples were chosen to cover all volcanic phases, 

from island formation to the most recent eruptions. Our results cover most of the isotopic 

range defined by the entire arc, from fairly unradiogenic to highly radiogenic values; but more 

importantly, they define two distinct hyperbolas in isotopic space. One array is defined by old 

lavas (25 to 7.1 Ma), and the other by recent lavas (5.1 Ma to present).  

The hyperbolas are compatible with simple two-component mixtures but are not reproduced 

by AFC models. Using these hyperbolas, we can constrain the composition of the mixing end-

members. Both depleted sources correspond to depleted mantle contaminated by a radiogenic 

Sr component, and the two enriched components resemble local sediments with little to no 

relative fractionation of Sr, Nd, Hf and Pb. We conclude on this basis that sediments were 

added to the mantle wedge by melting and not dehydration. Our interpretation for Martinique 

can be extrapolated to the entire Lesser Antilles arc because the isotopic arrays of Martinique 

and other islands are indistinguishable. More generally, if the same occurs under most other 

island arcs, the chemical and isotopic characteristics of arc volcanism might be directly linked 

to the amount and nature of subducted sediments. 

1. Introduction 

Island arc volcanics have chemical and isotopic compositions that differ significantly from 

those of both mid-ocean ridge basalts (MORB) and ocean island basalts (OIB). Their 

characteristics are usually attributed in large part to the introduction of sedimentary material 

of crustal origin in their source region but complex processes involving dehydration and 
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melting of the subducted material are also known to contribute to their peculiar signature. 

Among all island arcs, the Lesser Antilles arc is an extreme example because of its very large 

diversity of chemical and isotopic compositions (White and Dupré, 1986; Davidson, 1987, 

Carpentier et al., 2008). In particular, its Pb, Sr and Nd isotopic ratios span almost the entire 

range known for arc lavas and have been interpreted as the result of mixing between a mantle 

and a crustal component. However, there is no consensus on how crustal signature was added 

to mantle-derived magmas. Some authors suggest crustal contamination within the arc crust 

(Thirlwall and Graham, 1984; Davidson and Harmon, 1989; Thirlwall et al., 1996; Van Soest 

et al., 2002), while others favor variable input of sediment contribution via dehydration or 

melting of the subducting slab (White and Dupré, 1986; Vidal et al., 1991; Carpentier et al., 

2008). It remains that the isotopic variability of Lesser Antilles lavas, as a whole, can only be 

explained by different proportions of crustal material added to a mantle component.  

Previous work on Martinique Island lavas shows that volcanic rocks from this location alone 

cover most of the Lesser Antilles isotopic array with Pb, Sr and Nd isotopic compositions 

ranging from values close to MORB to almost continental values (Davidson, 1983; Davidson, 

1986; Davidson and Harmon, 1989). However, these data were acquired some 20 years ago, 

at a time when high-precision Pb isotopic analysis did not exist and only 5 Hf isotopic data 

are available (Woodhead et al., 2001). In addition, the analyzed samples were not constrained 

in terms of eruption time, a factor that is important considering the 25 Ma of almost 

continuous volcanic activity. We therefore performed a comprehensive isotopic study of 

tightly time-constrained lavas representative of the entire volcanic history of the island, with 

the aims of (a) deciphering the isotopic message and relating it to potential temporal changes 

of source compositions under a single location in the arc system and (b) constraining the 

nature of the processes involved in the development of the crustal signature. 

2. Geological setting 

The existence of the Lesser Antilles arc is due to subduction of the Atlantic lithosphere 

beneath the Caribbean plateau (Figure 1) at a rate of about 2.1 – 2.2 cm/yr (Jordan, 1975; 

Minster and Jordan, 1978). The arc is 750 km long, from Saba in the north to Grenada in the 

South and the northern part of the arc consists of two branches with distinct ages (Nagle et al., 

1976). This peculiar geometry is related to the building history of the Lesser Antilles, which 

can be divided in three main phases. The first phase, called the old arc, corresponds to 

volcanic activity along the southern part of the arc as well as on the eastern branch of the 
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northern part of the arc (Figure 1). In Martinique, Germa et al. (submitted) dated this volcanic 

activity between 24.8 and 20.8 Ma. Most of these old lavas are covered by limestone in the 

northern part of the arc or by subsequent volcanic activity in the southern part. The second 

phase, called the intermediate arc , occurred between 16.1 and 7.1 Ma (Germa, 2008). It does 

not exist in the northern part of the arc and is found only in very few localities in the southern 

part. The third phase dated between 5.1 Ma and present-day is called the recent arc. As with 

the old arc, it occurs along the entire arc system, but on islands displaced to the west in the 

northern part of the arc (Figure 1). The geographical jump of volcanic activity has been 

attributed by Bouysse and Westercamp (1990) to subduction of an aseismic ridge that 

momentarily blocked the subduction and stopped volcanic activity for about 8 Ma, before 

volcanism restarted 50 km to the west in the northern part of the arc.  

Martinique Island, with its central position, records the most complete history of the arc 

(Coulon et al., 1990). Recent volcanic activity lies to the north east of the old arc so that both 

phases outcrop in the same island (Figure 1). Moreover, volcanic activity persisted in 

Martinique during subduction of the aseismic ridge to form the volcanoes of the intermediate 

arc in the center of the island (Nagle et al., 1976; Westercamp and Tazieff, 1980).  

The Lesser Antilles forearc region consists of a large accretionary complex, the Barbados 

prism, whose thickness, width and nature of sediments vary greatly along the strike of the arc. 

Sediments entering the subduction zone in front of this prism have been drilled at two DSDP 

Sites (144 and 543) and have been chemically and isotopically analyzed by White and Dupré 

(1986) and more recently by Carpentier et al. (2008; 2009). The isotopic compositions of 

samples from the two sites differ in that those from the southern site are more variable and 

more “crustal-like” than the northern sediments (Carpentier et al., 2008).  

The nature of the crust on which the Lesser Antilles arc is build is poorly known. Larue et al. 

(1991) suggested that in the south, where the accretionnary prism is the thickest, sediments 

overthrust the volcanic arc and form part of the crust. However, the extent of such overthrust 

fore-arc sediments is unclear and these features have not been described north of St Lucia 

(Larue et al., 1991; Van Soest et al., 2002). Speed and Walker (1991) suggested that the 

southern part of the Lesser Antilles arc (from Dominica southward) is built on young oceanic 

crust produced by the opening of the Grenada Basin; Bouysse et al. (1985) suggested that the 

northern part of the arc is built on an older volcanic arc belonging to the Aves system. Finally, 

Davidson and Harmon (1989) proposed that the Lesser Antilles arc is built on top of the 

accretionnary prism of the former Aves volcanic arc. This still-open question is very 

important because of its strong implications for the genesis of the arc lavas. If the lavas 
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interact with the substratum during their ascent to the surface, the consequences will differ 

depending on whether the crust consists of basalt or sedimentary rocks. 

3. Sampling and analytical procedures 

We collected about 120 samples representative of all the eruptive phases of Martinique Island. 

Based on major and trace element concentrations as well as low loss-on-ignition values, we 

selected 30 samples for Pb, Sr, Nd and Hf isotopic measurements. They are representative of 

all volcanic phases of Martinique (Figure 1) with 3 lavas from the old arc, 5 samples from the 

intermediate arc and 22 samples from the recent arc. Sample locations are shown in Figure 1 

and precise GPS locations are given in Supplementary file 1.  

All chemical separations for isotopic measurements were carried out in LGCA, Grenoble. 

Rock chips were leached with HCl leaching, as described in McDonough and Chauvel (1991), 

in order to limit Sr and Pb superficial contamination. After leaching, the chips were dissolved 

in Teflon containers in a HF-HNO3 mixture and this solution was used for all chemical 

separations. Pb was first isolated using the classical HBr-anionic resin technique of Manhes et 

al. (1984). The non-Pb fraction recovered from this column was loaded onto a cationic resin 

to separate Hf, Sr and the Rare Earth Elements (REE) from the major elements. Nd was 

further isolated from the other REE using the technique described by Richard et al. (1976) and 

an Eichrom Ln-Spec resin with dilute HCl. The Sr fraction was purified using Eichrom Sr-

spec resin and the same method as Revillon et al. (2002). Finally, Hf was isolated from other 

elements using the last two columns of the procedure described by Blichert-Toft et al. (1997). 

Total procedure blanks were lower than 40 pg for Pb (n=4) and less than 100 pg for Hf, Nd 

and Sr, values negligible relative to the amounts of elements in the samples.  

Sr isotopic ratios were measured using a multi-collector Finnigan Triton in Brest. The NBS 

987 standard was measured 13 times and an average value of 0.710256±10 (2σ) was obtained. 

Pb, Hf and Nd isotopic ratios were measured using the Nu Plasma MC-ICP-MS in Lyon. For 

Pb measurements, a Tl spike was added to all samples in order to monitor mass fractionation 

(White et al., 2000) and the NBS 981 Pb standard was measured every second sample. Pb 

isotopic ratios were corrected by standard bracketing to the NBS 981 value recommended by 

Galer and Abouchami (1998). Reproducibility calculated on the entire period of analyses (30 

runs) is 135 ppm for all Pb isotopic ratios. Nd isotopic ratios were normalized to 
146

Nd/
144

Nd 

= 0.7219 and the Ames-Rennes standard was run every two samples. All isotopic 

measurements were corrected by standard bracketing to the standard value recommended by 
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Chauvel and Blichert-Toft (2001). The reproducibility calculated on the entire period of 

analyses (24 runs) is 31 ppm. Hf isotopic ratios were normalized to 
179

Hf/
177

Hf = 0.7325. The 

JMC 475 standard was measured every two samples and isotopic ratios were corrected by 

standard bracketing to the value recommended by Blichert-Toft et al. (1997). Reproducibility 

calculated on the 32 measurements of JMC 475 is 100 ppm. 

4. Results 

The measured isotopic ratios of Pb, Sr, Nd and Hf are all given in Table 1. Initial ratios were 

calculated for all isotopic systems because the age correction could be significant for the 

oldest samples. However, the difference between measured values and initial values is 

negligible for 
143

Nd/
144

Nd, 
176

Hf/
177

Hf and 
207

Pb/
204

Pb (smaller than 0.00007), and less than 

0.0003 for 
87

Sr/
86

Sr and 0.07 for both 
206

Pb/
204

Pb and 
208

Pb/
204

Pb for the oldest lavas. In the 

following, initial ratios are always used except when comparing our data to published values 

for other islands with different ages. Pb isotopic compositions display large variations (Figure 

2) and cover the same range as defined by previous studies (Davidson, 1986; White and 

Dupré, 1986; Davidson and Harmon, 1989; Turner et al., 1996) but also extend it to less 

radiogenic values. Pb isotope ratios vary from 18.987 to 19.943 for 
206

Pb/
204

Pb, from 15.643 

to 15.860 for 
207

Pb/
204

Pb and from 38.558 to 39.819 for 
208

Pb/
204

Pb. The range defined by the 

Sr isotopic ratios is also large, between 0.70370 and 0.71003 (Figure 3) and comparable to 

previous studies (Davidson, 1986; White and Dupré, 1986; Davidson and Harmon, 1989; 

Turner et al., 1996; Smith et al., 1997; Chabaux et al., 1999; Van Soest et al., 2002). 

143
Nd/

144
Nd ratios vary from 0.51303 to 0.51197 (Figure 3) and are well correlated with 

176
Hf/

177
Hf ratios, which vary from 0.28316 to 0.28255 (Figure 4). Nd isotopic compositions 

cover the range defined by previous studies (Davidson, 1986; White and Dupré, 1986; 

Davidson and Harmon, 1989; Thirlwall et al., 1994; Turner et al., 1996; Smith et al., 1997; 

Woodhead et al., 2001). Only few Hf isotopes were published for Martinique by Woodhead et 

al. (2001) and our data extend the field to both more and less radiogenic values. Almost all 

samples studied here were accurately dated by Germa (2008), Germa et al. (submitted) and 

Samper et al. (2008) using the K-Ar technique. Ages of individual samples are given in 

Supplementary file 1. 

Here we show that lavas from the intermediate arc have more radiogenic Pb and Sr, and less 

radiogenic Nd and Hf isotopic ratios than the old arc lavas while the recent arc lavas display 
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extremely variable isotopes, from unradiogenic to moderately radiogenic ratios (
206

Pb/
204

Pb = 

19.054 to 19.645 for example). Davidson (1986) reported that the highest Pb and Sr isotopic 

ratios are in a garnet-bearing dacite from Gros Ilet, which belongs to the intermediate arc

system. Our isotopic measurements of this particular volcanic event confirm his observation 

and extend it to Nd and Hf isotopes, which are very unradiogenic. A systematic trend of 

increasing Pb isotopic ratios from 25 to 7.1 Ma is followed by a sudden jump to more mantle-

like values at the beginning of the recent arc activity and a subsequent scatter of the isotopic 

compositions that are not correlated with the age of the volcanic eruptions (Figure 2). At a 

given 
206

Pb/
204

Pb or 
207

Pb/
204

Pb ratio, the 
208

Pb/
204

Pb ratios of recent lavas are systematically 

higher than the 
208

Pb/
204

Pb of old and intermediate lavas (Figure 5 a, b & c). They also have 

more radiogenic Sr isotopes than the old and intermediate lavas at a given 
206

Pb/
204

Pb ratio 

(Figure 5 d), and lower Nd and Hf isotopic ratios (Figure 5 e & f). There is no clear 

distinction between the Hf and Nd isotopic compositions of the two groups of lavas. 

5. Discussion 

Not only do the Martinique lavas record the most complete history of the Lesser Antilles arc 

with volcanic activity from 25 Ma ago to present day, but they also cover the entire range of 

isotopic variations known for the entire arc system. Acquisition of isotopic compositions on 

accurately dated volcanic events provides a unique opportunity to decipher the changes 

through time of the source of lavas in an island arc. These changes can in turn be compared to 

the temporal changes of composition of the subducted material in order to establish whether 

or not a relationship exists between the two parameters and the data can then be used to 

establish (a) the origin of the crustal signature (from subducted sediment or contamination by 

arc crust), and (b) the mechanism of transfer of this material into the magmas. 

5.1 Two mixing lines defined by lavas with different ages

Using the high-precision Pb isotopic ratios, we can distinguish two groups, the old and 

intermediate arc lavas subsequently referred to as “old lavas” and the recent arc referred as 

“recent lavas”. Both define two distinct alignments in Pb isotopic space (see Figure 5 a, b & 

c). The distinction is also seen in the other isotopic systems and, when plotted as a function of 

206
Pb/

204
Pb, the two age groups define remarkable hyperbolas (Figure 5) suggesting that the 

isotopic variations result from simple mixing of two end-members for each hyperbola. Using 
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the asymptotes and the curvatures of the calculated hyperbolas, we can firmly constrain the 

isotopic and trace-element compositions of the end-members. 

In the Pb isotope diagrams (Figure 5 a & b), the old and recent lavas define two distinct lines. 

The correlation coefficients of the two lines are remarkable, at 0.999 in 
208

Pb/
204

Pb vs. 

206
Pb/

204
Pb space, and at 0.999 and 1.000 for the two lines in 

208
Pb/

204
Pb vs. 

207
Pb/

204
Pb space. 

In contrast, in 
207

Pb/
204

Pb vs. 
206

Pb/
204

Pb space (not shown), all samples fall on the same line 

with a correlation coefficient of 0.998. Using a 3-D plot of the three Pb isotopic ratios (Figure 

5 c), we show that the difference between the two lines resides at the low 
208

Pb/
204

Pb end of 

the arrays. The 
208

Pb/
204

Pb ratios of the recent-lava array are clearly higher than the old-lava

array suggesting that the two unradiogenic Pb sources had, at some stage, different Th 

contents while sharing similar U contents. 

Other isotopic systems also show two different arrays, with the same distinction between old

and recent lavas (Figure 5). In all these isotopic spaces, the curvature and the asymptotes of 

the hyperbolas are very well defined and can be used to constrain the end-member 

compositions. While the unradiogenic ends of the two arrays have indistinguishable Sr, Nd 

and Hf isotopic compositions, the radiogenic ends differ significantly between old and recent

lavas. In Supplementary file 2, we list the parameters that characterize the arrays as well as 

their asymptotes, and we use these values in the following sections to explore the origin of the 

two arrays. 

From 25.5 Ma to 7.1 Ma: the old arc array 

Using the asymptotes shown in Figure 5, we can constrain the 
87

Sr/
86

Sr, 
143

Nd/
144

Nd and 

176
Hf/

177
Hf ratios of the unradiogenic Pb end-member of the mixing array. The Nd asymptote 

is 0.51308 and the Hf asymptote is 0.28319 (see Supplementary file 2). Both of these values 

are similar to isotopic compositions of MORB (Salters and Hart, 1991; Chauvel and Blichert-

Toft, 2001; Agranier et al., 2005; Debaille et al., 2006) suggesting that this end-member could 

be a depleted-mantle-like material, present in the mantle wedge below the arc system. In 

contrast, the Sr asymptote is 0.70319, a value significantly higher than the 
87

Sr/
86

Sr isotopic 

ratios measured on fresh Atlantic MORB at that latitude, which is never higher than 0.703 

(PetDB compilation from May 2009). Assuming that the depleted end-member represents a 

mantle component, the mantle wedge located below Martinique Island must have been 

contaminated by radiogenic Sr. This contamination may have occurred before the current 

Lesser Antilles volcanic activity (possibly during the Aves volcanic arc formation) or it may 
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be related to the present subduction through release of radiogenic Sr from subducted altered 

oceanic crust.  

At the other end of the mixing hyperbolas, the 
206

Pb/
204

Pb asymptote of the old-lava array is 

constrained at a value slightly higher than 20 (Figure 5 and Supplementary file 2). This value 

is quite radiogenic relative to values reported for most crustal materials (e.g., GLOSS Plank 

and Langmuir (1998) or average upper continental crust McLennan (1990)). However, it is 

consistent with Pb isotopic compositions reported recently by Carpentier et al. (2008) for 

sediments on the Atlantic plate in front of the Lesser Antilles arc. 

Using the constraints provided by the mixing hyperbolas, we can calculate mixing proportions 

that explain the lava compositions and we can tightly constrain the chemical and isotopic 

compositions of both the depleted and the enriched end-members. The Pb isotopic 

composition of the “depleted” end-member (i.e. non-radiogenic Pb and Sr) must be lower than 

18.99, but it is not accurately determined from the regression lines or the hyperbolas in Figure 

5. However, a good estimate can be made if we assume that the mantle wedge had MORB-

like Pb isotopic ratios. The regression lines in Pb isotopic space intersect the fields defined by 

MORB only for a limited range of Pb isotopic values and we therefore chose a 
206

Pb/
204

Pb 

ratio of 18.5. Having fixed this value, all other isotopic ratios can be calculated with the 

equations defining the mixing lines and hyperbolas. These isotopic compositions are shown in 

Figure 6 and in Table 2. They fall in the MORB field for all isotopic systems except for Sr. 

For the enriched end-member, we can also estimate some isotopic ratios and then calculate the 

others. We assume that the enriched end-member falls in the field of sediments entering the 

subduction zone and we fix the Nd and Hf isotopic compositions at 0.51181 and 0.28240, 

respectively (Carpentier et al., 2008; 2009). All other isotopic compositions are then 

calculated and results are given in Table 2 and Figure 6. Note that our estimate of the enriched 

end-member does not intersect the field defined by the Site 543 sediments located on the 

Atlantic plate in front of Dominica Island and analyzed by White and Dupré (1986) and 

Carpentier et al. (2008; 2009), but it falls in the field of the Site 144 sediments drilled further 

south on the Atlantic plate and analyzed by Carpentier et al. (2008; 2009). This implies that 

sediments on the Atlantic plate in front of the southern part of the arc could represent the 

crustal end-member required to explain the lava compositions. 

Having fixed the isotopic compositions of the end-members, we can determine their trace 

element characteristics. For example, the curvature of the hyperbola in the 
87

Sr/
86

Sr vs. 

206
Pb/

204
Pb plot (Figures 5 d) constrain the ratio of Sr to Pb in the two end-members 

((Sr/Pb)Depleted/(Sr/Pb)Enriched) (Langmuir et al., 1978). As with the isotopic compositions, the 
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hyperbolas can constrain the trace-element contents of the end-members only if some of the 

element concentrations are fixed. In the present case, we assume that Pb, Nd and Hf contents 

of the mantle wedge are those suggested by Salters and Stracke (2004) for the depleted mantle 

(see Table 2). This assumption is plausible since the mantle wedge has MORB-like isotopic 

ratios of Pb, Nd and Hf. For Sr contents, the situation is more complicated because the mantle 

wedge has a more radiogenic Sr isotope ratio than MORB. To calculate the Sr content of the 

depleted end-member for the old lavas, we mix an average depleted mantle (
87

Sr/
86

Sr = 

0.7027 and Sr content = 9.8 ppm, Salters and Stracke (2004)) with an altered oceanic crust 

fluid phase (
87

Sr/
86

Sr = 0.70475 after Staudigel et al. (1995 )). This gives an isotope ratio of 

the depleted end-member of 0.70360. Depending on the Sr content of the fluid phase, the 

proportion of altered oceanic crust varies (between 1 and 4.5%) but the calculated Sr content 

remains constant at 17 ppm.  

The calculated element ratios of the enriched end-member are given in Table 2. The Nd/Hf 

ratio is 5.3 and the Nd/Pb ratio is 1.7. These ratios are similar both to ratios reported for local 

sediments by Carpentier et al. (2008; 2009) (see comparison in Table 2) and to Plank and 

Langmuir’s (1998) values for oceanic sediments. Sr/Pb and Sr/Nd ratios are equal to 41 and 

23.5 respectively, values significantly higher than both the GLOSS values and averages of 

Site 543 sediments. They are lower than sediments from Site 144, but these sediments were 

deposited on the Demerara rise above the carbonate compensation depth (CCD) and contain a 

significant portion of carbonate (see Figure 1 and Carpentier et al. (2009)). Since the 

subducting sediments at the latitude of Martinique Island were deposited below the CCD, the 

carbonate proportion was most probably lower than at Site 144. We suggest that sediments 

containing a small proportion of carbonates, similar to those at Site 144, could represent the 

enriched end-member.  

Finally, the proportion of enriched end-member necessary to account for the isotopic 

compositions of the various lavas can be evaluated, provided that absolute concentrations in 

the two components are known. By assuming the absolute concentration of one of the 

elements, we can calculate all other element concentrations. The results in Table 2 are based 

on a choice of 22.6 ppm for Nd, which is the average concentration of the carbonate-free Site 

144 sediments, as reported by Carpentier et al. (2008; 2009). The proportion of enriched end-

member in the erupted lavas is clearly very variable and it increases through time (Figure 2). 

The old arc volcanics require 0.1 to 0.2 % of the enriched end-member while most of the 

intermediate lavas need a higher proportion between 0.2 % and 3%. One exception is the 

garnet bearing dacite from Gros Ilet, in which the sediment proportion reaches 20%. The 
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origin of this rock is unclear and is a subject of debate in the literature (see for example 

Westercamp (1976), Maury et al. (1985), Davidson et Harmon (1989) and Coulon et al. 

(1990)).  

To summarize, a systematic increase of the sedimentary component (0.1% to 3%) occurs in 

the source of the arc lavas between 25.5 Ma and 7.1 Ma (Figure 2) but the mixing end-

members remain identical through the period of time. 

From 5.1 Ma to present: the recent arc array 

After the subduction of the aseismic ridge (Bouysse and Westercamp, 1990), volcanic activity 

in the northern part of the Lesser Antilles arc suddenly jumped to the west (see Figure 1). In 

Martinique Island, this recent arc activity is restricted to the northwestern part of the island 

(Figure 1). Lavas that erupted in this time interval (5.1 Ma to present) define mixing arrays in 

all isotopic systems (Figures 5 and 6) that are significantly different from those defined by the 

old lavas. Not only do the hyperbolas have different curvatures but the end-member 

compositions also differ. Supplementary file 2 summarizes the main characteristics provided 

by the recent arc arrays: the asymptotes for Sr, Nd and Hf at the unradiogenic Pb end of the 

arrays are essentially indistinguishable from the old arc asymptotes but the 
208

Pb/
204

Pb ratio is 

higher; the 
206

Pb/
204

Pb asymptote of the enriched component is significantly lower than for the 

old arc (19.82 instead of 20.02). 

Using the same procedure as described for the old arc, we calculated the end-member 

compositions by fixing the 
206

Pb/
204

Pb of the depleted end-member at 18.5 and the Nd and Hf 

isotopic compositions of the enriched component at 0.51181 and 0.28230, so that the mantle 

wedge has a generally MORB-like composition and the enriched component a composition 

compatible with the local sediments. Details are given in Table 2 and shown in Figure 6.  

The main differences between the sedimentary component involved in the genesis of the 

recent arc and that required for the old arc are the Pb and Sr isotopic ratios. The array of the 

recent arc requires an enriched end-member with less radiogenic Pb and Sr isotopes than for 

the old arc. As was the case for the old lavas, the enriched end-member of the recent arc lies 

in the field defined by the Site 144 sediments, and not in the field defined by the Site 543 

sediments.  

The element contents of the two components were again estimated by fixing the Pb, Nd and 

Hf contents of the mantle wedge and the Nd content of the enriched end-member. Here again, 

the Sr content of the depleted end-member was calculated by mixing an average depleted 
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mantle (
87

Sr/
86

Sr = 0.7027 and Sr content = 9.8 ppm, Salters and Stracke (2004)) and an 

altered oceanic crust fluid phase (
87

Sr/
86

Sr = 0.70475 (Staudigel et al., 1995 )). Between 0.5 

and 3.5% altered oceanic crust is needed to explain the isotopic composition of the mantle 

wedge and its inferred Sr content is calculated at 15.5 ppm. All fixed and calculated values 

are listed in Table 2. The trace element ratios of the enriched component are quite similar to 

those required by the old arc arrays but the combined changes in Sr/Pb, Sr/Nd and Nd/Pb 

ratios suggest that the enriched contaminant for the recent arc had a lower Pb concentration 

than for the old arc. Given the range of Pb concentrations known in the local sediments 

(0.629 to 26.8 ppm) and the general variability of Pb concentrations in oceanic sediments, this 

is not surprising. 

As was the case for the old arc array, the recent arc lavas show a significant variation in the 

proportion of the enriched end-member: the least radiogenic lavas require about 0.2% 

sediment while the highest proportion is about 5%. However, in contrast with the old arc, no 

systematic relationship exists between timing of the eruptions and proportion of enriched 

material (see Figure 2).  

5.2 How are the sediments involved? 

A highly debated aspect of Lesser Antilles genesis resides in the way crustal signature is 

added to mantle-derived magmas. Some authors (Thirlwall and Graham, 1984; Davidson and 

Harmon, 1989; Thirlwall et al., 1996; Van Soest et al., 2002) suggest that magmas acquire 

their crustal signature through contamination by radiogenic material present in the arc crust. 

Other authors favor the introduction of sediments via dehydration or melting of the subducted 

slab and contamination of the mantle wedge (White and Dupré, 1986; Vidal et al., 1991; 

Carpentier et al., 2008). The two types of processes can be quantitatively modelled and their 

effects on isotopic compositions can be compared to our new isotopic data. In Figure 7, we 

compare the results of calculations made for both models with the two arrays defined by the 

Martinique lavas.  

Addition of sedimentary material to the mantle wedge followed by melting of the 

contaminated source corresponds to simple mixing that can be modelled using the equations 

of Langmuir (1978). The calculated mixing curves correspond exactly to the hyperbolas going 

through analytical data, indicating that involvement of sediment in the source of the magmas 

before melting occurs is completely consistent with the isotopic measurements. 
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We modelled crustal contamination using the AFC (Assimilation and Fractional 

Crystallization) equations of DePaolo (1981). The key parameters, listed in Table 3, include 

the isotopic compositions and trace element contents of the primitive magma (depleted end-

member) and those of the crustal contaminant (enriched end-member), the distribution 

coefficients for Pb, Nd, Hf and Sr during fractional crystallization, and the ratio between 

assimilation and crystallization rates (r). The isotopic compositions of the primitive magma 

for both arrays were derived from the values calculated from the mixing hyperbolas (see 

Tables 2 and 3) while the trace element contents are the concentrations of the most 

magnesium-rich magmas from Ilet à Ramiers on Martinique Island, magmas considered by 

Pichavant and Macdonald (2003) as representative of the primary melts (Table 3). For the two 

crustal contaminants, we used values from the hyperbolas (see Tables 2 and 3). We 

determined the fractionating mineral assemblage using major elements and used these 

proportions to calculate distribution coefficients for Nd, Sr, Pb and Hf (see Table 3). Finally, 

we calculated AFC trends for an improbably large range of assimilation and crystallization 

rates (r=0.1 to 1). The calculated trends in Figure 7 prove clearly that none of the theoretical 

curves reproduces the array defined by both the old and the recent volcanics. Firstly, the AFC 

trends are almost linear and do not reproduce the curvature of the hyperbolas defined by 

Martinique Island lavas. Second, when the ratio of fractionation to assimilation rate is 

reasonable (0.1 to 0.4), the isotopic compositions of the most evolved liquids are significantly 

less radiogenic in Pb and more radiogenic in Hf and Nd than the most radiogenic lavas. For 

the AFC curves to pass through the data requires a very improbable situation where the Pb 

content of the contaminant is greater than 150 ppm. This concentration is an order of 

magnitude higher than the average Pb content of Sites 144 and 543 sediments (7.24 and 18.7 

ppm, respectively) and the GLOSS value (19.9 ppm). Another argument against the AFC 

model is the absence of a relationship between rock type (basalt to dacite) and the position of 

data on the isotopic hyperbolas: the most evolved lavas do not have the most radiogenic 

isotopic ratios and more primitive lavas like 06MT69 do not have the most “mantle-like” 

isotopes (see Table 1). Finally, the existence of two arrays, one for the lavas older than 7.1 Ma 

and another one for the recent lavas, is very difficult to explain using a contamination model 

because there is no reason why the arc crust would have suddenly changed its composition 

between the two time periods. We suggest therefore that mixing of subducted sedimentary 

material with peridotite prior to melting in the mantle wedge best fits the isotopic data. 

The trace-element ratios of enriched end-members provided by the mixing hyperbolas show 

that the enriched components for both arrays have compositions similar to the locally 
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subducted sediments (see Table 2). No significant decoupling of Sr and Pb from the REE and 

the HFSE occurs because the element ratios are similar to those measured on the sediments 

now on the Atlantic crust (Carpentier et al., 2008; 2009). This important observation suggests 

that the process that transferred elements from sediment to the mantle source did not 

fractionate elements as geochemically different as Hf, an element with established immobile 

behavior during fluid-rock interactions (Floyd and Winchester, 1978; Pearce and Peate, 1995; 

Perfit et al., 1980), and Sr and Pb, which partition strongly into fluids (Brenan et al., 1995; 

Keppler, 1996; Johnson and Plank, 1999). The likelihood of a transfer of the elements through 

dehydration of the subducted sediments is therefore very low. Simple addition of sediments or 

their melt products to the mantle wedge best explains the isotopic arrays. If sediment is mixed 

into the peridotite before melting occurs, the proportions of sediment in the source are those 

shown in Figure 6. If the sediment melts before contaminating the mantle wedge, then the 

proportions given in Figure 6 are overestimated because the melts would have been richer in 

trace elements than the starting sedimentary material.  

5.3 Implications for the Lesser Antilles arc and the other intra-oceanic arcs 

Martinique Island is located in the middle of the Lesser Antilles arc and contains rocks that 

record the complete history of the arc. We argue therefore, that processes active under the 

island represent what occurs along the entire arc. 

Our data show that over the 25 Ma volcanic activity of Martinique Island, contamination of 

the mantle source by subducted sediments controlled the compositions of the volcanic rocks. 

The same probably applies to other islands of the Lesser Antilles: the fields defined by the Sr, 

Nd, Hf and Pb isotopic compositions of Martinique rocks encompass the range of the entire 

Lesser Antilles arc. Other islands display only part of this range (Figures 3 and 4); the only 

exception is Grenada Island at the southern end of the arc and next to the South American 

continent, where systematically more radiogenic Sr isotopes are associated to similar Nd 

isotopic compositions (Hawkesworth et al., 1979; Thirlwall and Graham, 1984; Thirlwall et 

al., 1996). We suggest therefore that the “crust-like” signature that characterizes the Lesser 

Antilles arc was acquired, as in Martinique Island, through contamination of the mantle 

wedge by subducted sediments.  

More generally, direct contamination of the mantle wedge by subducted sediments may be far 

more common than previously thought. The isotopic mixing arrays of Martinique lavas are 

tightly defined and place strong constraints on end-member compositions. Similar 
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observations are not necessarily available for other island arcs but similar conclusions were 

still reached by other authors on the basis of less well constrained correlations between Hf 

isotopes and other isotopic systems (Marini et al. (2005) for the Luzon arc, White and Patchett 

(1983) for the Banda arc, Woodhead et al. (2001) for the Sunda arc and Chauvel et al. (2009) 

for Izu-Mariana arc). When complete and high-quality datasets that include Sr, Nd, Hf and Pb 

isotopes become available for more island arcs, we speculate that they too will demonstrate a 

direct contribution of sediment to the mantle source.  

6. Conclusions 

New Pb, Sr, Nd and Hf isotopic data on Martinique Island in the Lesser Antilles arc define 

two different mixing arrays. The first corresponds to the volcanic activity that occurred before 

and during the subduction of an aseismic ridge, i.e. between 25 Ma and 7.1 Ma. The second 

corresponds to volcanic activity that occurred after subduction of the ridge, between 5.1 Ma 

and present day. The mantle and enriched end-members differ in the two mixing trends: the 

mantle source of recent lavas is distinguished from those of the old arc only by a higher 

208
Pb/

204
Pb ratio; the two enriched components, however, do not have the same Pb and Sr 

isotopic compositions and both lie in the field defined by the local sediments analyzed 

recently by Carpentier et al. (2008; 2009). They also share similar trace-element ratios. 

During the period 25 Ma to 7.1 Ma, the proportion of crustal material involved in the lavas 

increased from 0.1% to 3% and during the last 5 Ma it varied between 0.2% and 5%.  

Because crustal assimilation does not reproduce the trends defined by Martinique Island lavas, 

it cannot be the dominant process that controlled the compositions of the lavas. In contrast, 

mixing of slab sediments into the mantle wedge reproduces the isotopic characteristics of 

these lavas. We conclude that the crustal component of the Lesser Antilles arc is acquired 

through simple contamination of the mantle wedge by subducted sediments. This conclusion 

could only be reached through the interpretation of complete and high-quality isotopic data on 

time-constrained samples. Only when equivalent datasets become available for more arc 

volcanics, will the dominant processes active during arc formation be better constrained.  
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Figures and Tables captions 

Figure 1:  

Map of the Lesser Antilles region showing the old and the recent arcs (modified from 

Bouysse and Westercamp (1990)). The two DSDP sites analyzed by Carpentier et al. 

(2008; 2009) are also shown. The inset is a map of Martinique Island with old, 

intermediate and recent arcs as defined by Westercamp et al. (1989). The symbols show 

the location of samples for which Pb, Sr, Nd and Hf ratios were measured (red dots - old

arc lavas, diamonds - intermediate arc lavas, blue triangles - recent arc lavas). 

Figure 2: 

Initial 
206

Pb/
204

Pb ratios as a function of age of the lavas. The old lavas are shown by red 

dots, the intermediate lavas by red diamonds and the recent lavas by blue triangles. Ages 

are from Germa (2008), Germa et al. (submitted) and Samper et al. (2008) and were 

obtained on the same samples as those analyzed for isotopic compositions. There are, 

however, four samples whose ages were determined from the geological map 

(Westercamp et al., 1989) (see Supplementary file 1).  

Figure 3: 

Measured Sr and Nd isotopic ratios and ages of lavas in the Lesser Antilles as a function 

of their latitude. Martinique has the most complete history of the entire island arc system. 

The island also shows the largest range of Sr and Nd isotopic compositions compared to 

other islands. Isotopic ratios of lavas shown with dots are from Georoc 

(http://georoc.mpch-mainz.gwdg.de/georoc/). Our new data are shown with pink triangles. 

Ages for these samples are from Germa (2008), Germa et al. (submitted) and Samper et al. 

(2008), while ages for literature data are from Andreieff et al. (1976), Nagle et al. (1976), 

Briden et al. (1979), Le Guen De Kerneizon et al. (1983), Andreieff et al. (1988), Bellon 

(1988), Carlut et al. (2000), Harford (2002), Samper et al. (2007), Samper et al. (2008).  

Figure 4: 

Measured Hf versus Nd isotopic compositions of Martinique Island lavas, the Lesser 

Antilles arc and other intra-oceanic arcs. Our new data are shown with black triangles. 

Published data for Martinique lavas (black dots) are from Davidson (1986) and Woodhead 
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et al. (2001), those for other Lesser Antilles lavas (grey dots) are from White and Patchett 

(1983) and Vidal et al. (1991). For the other intra-oceanic arcs lavas (Aleoutian, Izu-

Bonin, Sunda-Banda, Tonga-Kermadec arcs), data were compiled from Georoc database 

(http://georoc.mpch-mainz.gwdg.de/georoc/). Bulk Silicate Earth (BSE) values are after 

Bouvier et al. (2008 ).  

Figure 5:  

Isotopic diagrams showing the regression lines and hyperbolas defined by the two groups 

of lavas. In all isotopic space, the old lavas, on one hand, and the recent lavas, on the other 

hand, define tightly constrained mixing arrays. Regressions calculated through the old

lavas are shown in red while those calculated through the recent lavas are shown in blue. 

All equations are given in supplementary file 2. In all subsets of the Figure, initial ratios 

are plotted and were used for the regressions. The 3-D plot of the Pb isotopic ratios clearly 

shows the contrasting 
208

Pb/
204

Pb ratios at the unradiogenic ends of the two regression 

lines. 

Figure 6:  

Isotopic diagrams showing the mixing arrays relative to MORB and the local sediments. 

The end-member compositions are shown by red (old) and blue (recent) squares. 

Regression lines and mixing lines are also shown. Fields defined by sediments from Sites 

144 and 543 are shown in dark and light grey respectively and correspond to data 

published by Carpentier et al. (2008; 2009). Fields defined by fresh MORB along the mid-

Atlantic ridge between 30°N and 30°S are shown in grey (data from PETDB: 

http://petdb.org/science.jsp/). The percentage of enriched component necessary to explain 

the extreme compositions are shown next to the mixing curves. Maximums are shown in 

Figures a, b, c, d and e and minimums in Figure f. 

Figure 7:  

Crustal assimilation (purple) and source mixing (green) models in initial 
143

Nd/
144

Nd vs. 

206
Pb/

204
Pb and 

176
Hf/

177
Hf vs. 

206
Pb/

204
Pb plots. Distribution coefficients for AFC 

modeling are DPb = 0.61, DNd = 0.22 and DHf = 0.093 (see Table 3 for details) and the 
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ratios between assimilation rate and crystallization rate are shown next to the different 

AFC curves. 

  

Table 1: 

Isotopic ratios of Pb, Sr, Nd and Hf in old, intermediate and recent lavas from Martinique 

island. “Dup” stands for complete duplicate analyses while “Rerun” stands for duplicate 

measurements only.  

Footnote:  

B, BA, A and D stands for Basalt, Basaltic Andesite, Andesite and Dacite respectively. 

Table 2: 

Trace element concentrations and isotopic ratios used for the mixing model shown in 

Figure 6. Numbers in bold are fixed while all others are calculated using the equations 

given in Supplementary file 2. Values for the two depleted end-members come from 

Salters and Stracke (2004), with the exception of Sr (see text for explanation). For 

comparison, values suggested for the depleted mantle by Salters and Strake (2004), values 

published by Carpentier et al. (2008; 2009) for the local sediments and values reported by 

Plank and Langmuir (1998) for GLOSS are given in the second part of the Table.  

Table 3: 

Trace element concentrations and isotopic ratios of primitive magmas and crustal 

contaminants. These values are used for the assimilation and fractional crystallization 

models shown in Figure 7. The element concentrations of both primitive magmas are 

those of a basaltic sample from Ilet à Ramier Formation (unpublished data).  

Footnote:  

Distribution coefficients (D) are calculated for a mineralogical assemblage of 60% 

plagioclase (Pl), 15% olivine (Ol), 13% clinopyroxene (Cpx) and 12% orthopyroxene 

(Opx) and using the partition coefficients (KD) of Ewart and Griffin (1994) for Sr and Pb 

between minerals and an andesitic liquid. KD values for Nd and Hf between Pl, Cpx and 

Opx and an andesitic liquid come from Bacon and Druitt (1988) and those for olivine 

come from McKenzie and O’Nions (1991). 
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Supplementary file 1:  

All ages come from Germa (2008), Germa et al. (submitted) and Samper et al. (2008) 

except for those shown with a star that were extrapolated from the geological map 

(Westercamp et al., 1989). 

Supplementary file 2:  

Equations of the hyperbolas and regression lines. All equations are calculated relative to 

206
Pb/

204
Pb and using the initial ratios. One exception is the last regression line marked 

with a star and that corresponds to 
208

Pb/
204

Pb as a function of 
207

Pb/
204

Pb. Values for the 

correlation coefficients are given under R
2
 and the values for the curvatures of the 

hyperbolas are also listed. 
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Table 3 
            

    

  
Old arc lavas Recent arc lavas 

  

  Primitive Crustal Primitive Crustal 

  magma contaminant magma contaminant 
D values 

            

Pb (ppm) 1.34 13.0 1.34 7.9 0.61 

Sr (ppm) 178 530 178 220 3.2 

Nd (ppm) 5.5 22.6 5.5 22.6 0.22 

Hf (ppm) 1.04 4.3 1.04 3.4 0.093 

            
206

Pb/
206

Pb 18.5 19.948 18.5 19.734   
207

Pb/
206

Pb 15.558 15.863 15.535 15.811   
208

Pb/
206

Pb 38.020 39.816 38.107 39.579   
87

Sr/
86

Sr 0.70360 0.71047 0.70346 0.70887   
143

Nd/
144

Nd 0.51301 0.51181 0.51301 0.51181   
176

Hf/
177

Hf 0.28316 0.28240 0.28317 0.28230   
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Supplementary file 1 
          

  Rock type Latitude (°N) Longitude (°W) Age (ka) 

Old arc lavas       

06MT68 Basalt 14.4520 -60.8556 24800* 

06MT53 Andesite 14.7570 -60.9010 23386 ± 335 

06MT54 Basaltic andesite 14.7391 -60.9095 20800* 

Intermediate arc lavas       

06MT73 Dacite 14.5959 -60.8975 16120 ± 229 

06MT69 Basalt 14.5575 -60.8846 10861 ± 172 

06MT71 Basalt 14.5456 -60.8324 10300* 

06MT60 Andesite 14.5009 -61.0173 8760 ± 128 

06MT72 Dacite 14.5394 -61.0224 7096 ± 102 

Recent arc lavas       

06MT32 Basalt 14.8354 -61.0635 5130 ± 81 

06MT23 Basaltic andesite 14.7988 -61.0497 4863 ± 72 

06MT34 Basaltic andesite 14.8065 -61.0075 4101 ± 60 

06MT30 Basaltic andesite 14.7449 -61.0920 3006 ± 189 

06MT13 Andesite 14.7278 -61.0786 2545 ± 38 

06MT10 Andesite 14.7361 -61.0591 2111 ± 30 

06MT04 Andesite 14.6257 -61.1016 1870 ± 27 

06MT19 Andesite 14.7199 -61.1605 1749 ± 25 

06MT14 Andesite 14.7686 -61.0863 1528 ± 33 

06MT55 Andesite 14.4705 -61.0548 1332 ± 30 

06MT61 Basaltic andesite 14.5070 -61.0620 1175 ± 20 

IAR Basalt 14.5334 -61.0668 640* 

06MT36 Andesite 14.6676 -61.0831 998 ± 14 

06MT21 Andesite 14.7472 -61.1240 893 ± 13 

06MT06 Andesite 14.7350 -61.1020 770 ± 11 

04MT07 Andesite 14.7248 -61.1153 341 ± 5 

06MT37 Basaltic andesite 14.6751 -61.0845 322 ± 9 

06MT28 Andesite 14.8717 -61.1820 543 ± 8 

06MT18 Andesite 14.8372 -61.2177 346 ± 4 

06MT40 Andesite 14.8488 -61.1976 189 ± 3 

06MT50 Andesite 14.8109 -61.1673 1.929 AD* 

06MT51 Andesite 14.8123 -61.1646 1.902 AD* 
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 Manteau appauvri Sédiments subduits 

Pb (ppm) 0.0232 13.0 

Sr (ppm) 9.8 310 

Nd (ppm) 0.713 22.6 

Hf (ppm) 0.199 4.3 
206

Pb/
204

Pb 18.500 19.948 
207

Pb/
204

Pb 15.558 15.863 
208

Pb/
204

Pb 38.020 39.816 
87

Sr/
86

Sr 0.70360 0.71047 
143

Nd/
144

Nd 0.51301 0.51181 
176

Hf/
177

Hf 0.28316 0.28240 

Tableau IV.1: Compositions chimiques et isotopiques des pôles appauvri et enrichi utilisés dans les 

modèles de mélange à la source.�
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 Magma mantellique Sédiments dans le socle

Pb (ppm) 1.34 13.0 

Sr (ppm) 178 310 

Nd (ppm) 5.5 22.6 

Hf (ppm) 1.04 4.3 
206

Pb/
204

Pb 18.500 19.948 
207

Pb/
204

Pb 15.558 15.863 
208

Pb/
204

Pb 38.020 39.816 
87

Sr/
86

Sr 0.70360 0.71047 
143

Nd/
144

Nd 0.51301 0.51181 
176

Hf/
177

Hf 0.28316 0.28240 

Tableau IV.2: Compositions chimiques et isotopiques des pôles appauvri et enrichi utilisés dans les 

modèles d'AFC.�
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Figure IV.1: Diagrammes isotopiques du Plomb. Les droites d’assimilation intra-crustale (AFC) et de 

mélange à la source entre manteau et sédiments subduits (SS) sont confondues. Le processus d’AFC 

est calculé avec DPb=0.61. NB : des sédiments du site 144 (« plus » vert) sortent du diagramme vers 

des valeurs très radiogéniques en 
206

Pb/
204

Pb et en 
207

Pb/
204

Pb.�
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Figure IV.2: Diagramme 
87

Sr/
86

Sr en fonction de 
206

Pb/
204

Pb. L’hyperbole verte représente le modèle 

de mélange à la source (SS). Les courbes violettes représentent les modèles d’AFC et sont calculés 

avec DSr = 3.2 et DPb = 0.61 et pour r = 0.1, r = 0.2 et r = 0.4.�
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Figure IV.3: Diagrammes 
143

Nd/
144

Nd et 
176

Hf/
177

Hf en fonction de 
206

Pb/
204

Pb. Même représentation 

que dans la Figure IV.2. Les modèles d’AFC sont calculés avec DPb = 0.61, DNd = 0.22 et DHf = 0.093  

et pour r = 0.1, r = 0.2 et r = 0.4.  
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Figure IV.4: Diagramme 
143

Nd/
144

Nd en fonction de 
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Sr/
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Sr. L’hyperbole verte représente le modèle 

de mélange à la source. Les courbes violettes représentent les modèles d’AFC et sont calculés avec DSr

= 3.2 et DNd = 0.22 et pour r = 0.1, r = 0.2 et r = 0.4.
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Figure IV.5: Diagramme 
176

Hf/
177

Hf en fonction de 
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Nd/
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Nd. L’hyperbole verte représente le 

modèle de mélange à la source. Les modèles d’AFC (courbes violettes) sont calculée avec DNd = 0.22, 

DHf = 0.093 et pour r = 0.1, r = 0.2 ou r = 0.4.�
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Figure IV.6: Diagrammes 
206

Pb/
204

Pb en fonction de SiO2 et MgO. Les vecteurs notés SS, AFC et FC 

sur la figure représentent respectivement les effets de la contamination à la source par les sédiments 

subduits (SS), de la contamination intra-crustale (AFC) et de la cristallisation fractionnée seule (FC).�
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Figure IV.7: Diagramme 
87

Sr/
86

Sr en fonction de SiO2. Même terminologie que dans la Figure IV.6.�
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Figure IV.8: Diagrammes 
143

Nd/
144

Nd et 
176

Hf/
177

Hf en fonction de SiO2. Même terminologie que 

dans la Figure IV.6.	
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Figure IV.9: Processus de mélange à la source (en vert) et d'AFC (en violet) dans un diagramme �
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en fonction de 
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Sr. Les courbes d’AFC sont calculées pour DSr = 3,2. Données de Davidson 

(1985; 1986), Davidson et Harmon (1989) et Van Soest et al. (2002).
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Figure IV.10: Modèle d'AFC avec un coefficient de partage du Sr de 2.1. Données de Davidson (1985), 

Davidson (1986), Davidson et Harmon (1989) et Van Soest (2002). 
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Figure IV.11 : Modèle d'AFC avec un coefficient de partage du Sr de 0.6. Données de Davidson (1985), 

Davidson (1986), Davidson et Harmon (1989) et Van Soest (2002).�
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Figure IV.12: EuN/Eu* (calculés avec les valeurs de chondrite d’Evensen et al. (1978) en fonction de 

SiO2.  
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Figure IV.13: Carte de la région des Petites Antilles, localisation de la ride d’Avès (arc rémanent),  de 

l'île de la Barbade et des sites 144 et 543�
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Figure IV.14: Diagrammes 
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Figure IV.15: Diagramme 
207

Pb/
204

Pb en fonction de 
206

Pb/
204

Pb. Les carrés bleus représentent les 

données disponibles sur les xénolithes sédimentaires et crustaux des îles de Ste Lucie, St Vincent et de 

Grenade (Vidal et al., 1991; Thirlwall et al., 1996; Thirlwall, 2000).�
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Figure IV.16: Localisation des échantillons de la Presqu'île des Trois Ilets.�

	

!�������(��	 ����	 ����������	 ��	 ������	 ���	 ���������	 �������	 ���(�	 ��	 �������	 �����	 ����	

������'��	 07������	 ��	>���������2	 #33/9	 ���	 ����	 ������"	 ��	 �����2	 ����	 �&���	 &�	 ����	 ��	

��������	�����)��	�������'��	'���	�������	��������	���	�����	������'���	���������	��&���	�����	���	

�������	%�������	 0�����	 ��	 7��������	 ��	 ��	H�����	 ����	 ��	 M�����	 
�"#492	 ��'����	 ���	 �������	

�������'���	���&�����	��	���������	���*���������	0>������=2	#3;.9"	!��	���������	��	����	����	

���	���������	��	����	������	��	����	��	�������	���	�����	������'���	���������"	C�	����	������	

'����	��	�����	��	����	�&��	 ��	 ����	������'��	'��	�	������	 ������&���	&������'��	��	����	��	 �����	

&���	 �������	 0����������	����	 ��	M�����	 
�"#49"	%����2	 ���	 ���������	 ��������	����	 ��	 ���������	

�&���	 ��	 �������	 ��	 ���������	 ��	 ��	 ����	 ������'��	 ���&���	 ����	 ��	 ������	 ����������	 '��	 ���	

���������	 ��������	 ����	 ��	 ���������	 ���(�	 ��	 ���������	 ��	 ��	 ����	 ������'��"	 
��	 ������2	 ��	

���(��	 ��	 �����������	 ���	 ���������	 ��	 ��	 ���'��	 ����������	 ���	 ���&������	 ���	 �������	 ��	

���(��	�������������	��	��	���E��	��	�����"	

	



��������	
�	�	����������	�	������	�������	

159

Plateau

Caraïbe

12°

14°

16°

18°

58° 54°56°60°62°64°

Martinique

Lithosphère

Atlantique

Azimut de la

convergence

Ride de Tiburon

Ride de Barracuda

Apport de sédiments

Plateau

Caraïbe

12°

14°

16°

18°

58° 54°56°60°62°64°

Paléo - 

Martinique ?

Lithosphère

Atlantique

Azimut de la

convergence

Paléo - ride ?

Apport de sédiments

Actuel

à 25 Ma ?

	

Figure IV.17: Position envisageable de la ride asismique ayant décalé le nord de l'arc vers l'ouest 

(parallèle aux  rides asismiques de  Barracuda et de Tiburon, actuellement présentes devant la fosse de 

subduction des Petites Antilles. L’apport de sédiments détritiques venant des fleuves Orénoque et 

Amazone est bloqué par les rides asismiques (relief sous-marin). Les sédiments ne sont donc pas de 

même nature de part et d’autre d’une ride asismique. �
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Figure IV.18: Schéma de la subduction des Petites Antilles avant et après la subduction d’une ride 

asismique.
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Figure V.1: Rapport La/Yb en fonction des rapports isotopiques du Nd et de l'Hf des laves de la 

Martinique. �
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���	9�����	��	9����:�	$.++;%	$D�����	
�5%�	

�

Manteau 

appauvri 

(ppm)  

La 0.234 

Ce 0.772 

Pr 0.131 

Nd 0.713 

Sm 0.270 

Eu 0.107 

Gd 0.395 

Tb 0.075 

Dy 0.531 

Ho 0.122 

Er 0.371 

Tm 0.060 

Yb 0.401 

Lu 0.063 

Tableau V.1: Composition du manteau appauvri de Salters et Stracke (2004).	

	

 ����������	������������	��	�������	���	����	�����������	����	�����	���)�	�����	���	 ��	

�����������	������	����	�	������	��	!�����	$���	�������	�	������	*B	��	<%	����	�������	����	

�	D�����	
�.�	 ����������	������������	��	�	����������	�	E�����	���	�������	��	9����:�	��	��	

$.++>%	��	��	�����������	������	����	�	������	��	!�����	����	����	��	F����	$5AA?%�	

	

	

D Gt D Cpx D Opx D Ol 

     

Péridotite à Gt source 0.06 0.34 0.08 0.52 

Péridotite à Gt liquide 0.30 0.81 -0.19 0.08 

Tableau V.2: Proportions modales des minéraux dans une péridotite dont la phase alumineuse est le 

grenat et proportions modales des minéraux contribuant au liquide créé par la fusion de cette source.	
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Figure V.3: Modélisation de la fusion partielle d'une péridotite à grenat avec un taux de fusion 

partielle de 1%�
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Figure V.4: Carte d’interpolation du rapport La/Yb par krigeage en Martinique. Les points noirs 

représentent les données. �
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Figure V.5: Spectres de terres rares normalisés aux chondrites (Evensen et al., 1978) des laves 

intermédiaires divisées en quatre groupes aux caractéristiques distinctes.
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Figure V.6: Eu/Eu* (normalisé aux chondrites d’Evensen (1978) en fonction de SiO2 des laves de 

l'arc intermédiaire divisées en quatre groupes aux caractéristiques distinctes.�
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Figure V.7: Eu/Eu* (normalisé aux chondrites d’Evensen (1978) en fonction de SiO2 des laves de 

l'arc ancien�
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Figure V.8: Spectres de terres rares des laves de l’arc ancien normalisées aux chondrites (Evensen et 

al., 1978)
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Enrichissement en LREE Anomalie en Eu La/Yb Eu/Eu 

laves différenciées 
Laves anciennes non 

uniquement 
1.98 - 3.41 0.73 - 1.05 

Inter., groupe 1 non non 1.5 - 2.6 0.89 - 1.07 

Inter., groupe 2 léger oui 2.1 - 3.4  0.65 - 0.82 

Inter., groupe 3 important oui 7.64 - 9.83 0.59 - 0.74 

Inter, 07MT92 important non 6.24 0.89 

Inter, 06MT72 très important non 41.42 0.83 

Tableau V.3 : Tableau des caractéristiques des laves anciennes et intermédiaires�
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Site 144 

Décarbonaté 

(ppm)  

La 25.6 

Ce 50.5 

Pr 5.99 

Nd 22.6 

Sm 4.43 

Eu 0.988 

Gd 3.84 

Tb 0.611 

Dy 3.49 

Ho 0.730 

Er 2.10 

Tm - 

Yb 2.00 

Lu 0.310 

Tableau V.4: Composition en terres rares de la moyenne des sédiments décarbonatés du site 144 

d'après Carpentier et al. (Soumis)
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D Sp D Cpx D Opx D Ol 

     

Péridotite à Sp source 0.03 0.18 0.26 0.53 

Péridotite à Sp liquide 0.11 0.67 0.28 -0.06 

Tableau V.5: Proportions modales des minéraux dans une péridotite dont la phase alumineuse est le 

spinelle et proportions modales des minéraux contribuant au liquide crée par la fusion. L’assemblage 

minéralogique de la péridotite à Spinelle est inspiré de Stracke et al. (2006) et celle du liquide de 

fusion de Kinzler (1997).
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Figure V.9: Modélisation de 3% et 25% de fusion partielle d'un manteau à spinelle enrichi par 0.1% 

de sédiment de la plaque plongeante.
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Figure V.10 : Modélisation de 8.5% de fusion partielle d’une péridotite à grenat enrichie par 0.1% de 

sédiments du slab.
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�����������	����	�	4�����	
�55�	

	

 % de sédiments La/Yb % fusion partielle Phase alumineuse

Laves anciennes 0.1 2.5 8.5 Grenat 

Groupe 1 
      Spectres plats 

0.1 1.9 11.5 Grenat 

Groupe 2 
      Spectres légèrement enrichis

1 2.8 10.5 Grenat 

Groupe 3 
      Spectres très enrichis 

3 8.5 8.8 Grenat 

07MT90 3 6.2 11 Grenat 

06MT72 20 41.4 5.6 Grenat 

Tableau V.6 : Synthèse des paramètres qui permettent de modéliser les magmas primaires des 

différents groupes de laves intermédiaires.�
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Figure V.11 : Résultats des modélisations des magmas primaires des différents groupes de lave 

intermédiaires.
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H  �	����������	��	���������	�	�	������	�������	����	�	�����������	��	�����	��������	���	

����	 ���	 ��������	 ����	 �����	 ���	 ������	 ���	 ��	 ���)��	 ��	 �������	 ���	 ����	 �������	

������	 ��	 ��������	 �����������	 ���	 ������	 ��	 ���	 �����	 ����	 �����	 ����	 �#������	 �	

����������	��	���������	���	����	���������	�	��	������	��	����	���	��	��������	 �23�	��	

���	���#	�������	��	����	����	�����������		

H  ��	 ����������	 +=MDA+	 ��	 +>MD=.	 ����	 ����������	 ����������	 ���&	 ����	 ��	 ��	 ���#	

������	���������	��	����������������	����	�������	 �23�	����	��	�����	�������	���������	��	

(�&	���������������	��	������	�����	��)���	���	�������	��#	������	�����	������	���	���#	����	

���	��)�	��!!������	

H  �	 ����������	 ��	 ���������	 �	 �	 ������	 ��	 �	 ���	 +=MDA+	 �	 ���	 �������	 �	 /-	 ���	 �	 ���	

��������	 ��	 ��������������	 ��	  7((	 ���	 �������	 ��#	 87((	 ���������	 ��#	 ����	 ��	

������	/�	

H  �	�����������	 ��	�����	��������	 ��	 ����������	 +>MD=.	 ���	 ������	 ���������������	

�����#�������	 ���	 �	 ����������	 ��)�	 ����������	 ��	 ���������	 �	 �	 �������	 (�	 �!!��&	 ��	

���)��	��	 !�����	�������	 ����	 ��������	����������	���	 ���!!�������	��	�������	���	 ���	

������)���	 ����	 �����	 ������	 ����	 ����	 ���	 ���)��	 ��	 G��	 ��	 ������	 �����)��&	

�������������	 �	 ���	 ��������	 �����	 ��	 �������#	 ��	 ���	 �����������	 ��	 ������	 �������	

$����������	 ��	 ���	 ��	 8�:�����	 $5AA=%	 ��	 ��	 '�����	 $5A=?%�	 ��	 G��	 ��	 �������	 �����	

�����������	 ���	 ������	 �	 �	 !�����	 ����	 �������	 �������	 ���	 ���	 ������	 ����������	 ��	

����������	 D����!���&	 ����	 ������	 ����	 ���	 ����	 �	 !���	 �������	 ��	 ����������	 ��	 �������	

 �23�	�����	����	���	;5	��	���������	���	����������	��	��������	����&	��	�������	����	

�	������	���������	���	�	������	��	��	���#	��	!�����	�������	!�����	���������&	�	�������	
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��	����������	+>MD=.�	

	

(�	���������&	����	��	������	�������!�	���	����	���������	��	��������������	����	�������	����	

��	 �������	 ����	 �	 �����	 ���������	 ���	 �	 �������	 *�	 ���&	 ��	 ���#	 ��	 !�����	 �������	 ���	

��!!�������	�������	��	�������	���	��	����)��	�����������	����	������	�	������	$��	?�,	�	55�,-	

��	!�����	�������	����	�	��G�����	���	����	��	,�>-	����	�	���	+>MD=.%�	0����&	�	������K�	���	

��	����������	��	 ��������	 �23�	���	 ����	����	�������������	�����"���	���	 �	����������	��	

���������	�	 �	������	���	�������	�����	�����������	�������	���	�	��������	������������	��	

�������	 �23�	$4�����	
�;%	���	��	�	��	��������	������������	��	�	����������	��	���������	�	�	
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Figure V.12: Carte des différentes phases volcaniques d’après Westercamp et al. (1989). Les nuances 

de marron, bleu et vert schématisent les laves des arcs ancien, intermédiaire et récent respectivement.�
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Figure V.13: Diagrammes d'éléments majeurs en fonction de SiO2.  
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Figure V.14: Diagrammes AFM d'après Irvine et Baragar (1971) et TiO2 en fonction de SiO2.  
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Figure V.15: Spectres d'éléments traces des laves anciennes normalisés au manteau primitif de 

McDonough et Sun (1995).  
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Figure V.16: Compositions des minéraux utilisés pour les modélisations de cristallisation fractionnée. 

Données issues de Georoc en mai 2008
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Figure V.17: Diagrammes d’éléments majeurs en fonction de SiO2. Les droites de régression 

recoupent les triangles définis par les pôles Olivine, Plagioclase et Pyroxène. 
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Figure V.18: Diagramme triangulaire Olivine - Plagioclase - Pyroxène. Les droites sont définies par 

les recoupements entre droites de régression des laves et triangle Ol-Pl-Px dans les diagrammes de la 

Figure V.17. Le champ rouge délimite les compositions possibles du cumulat qui a fractionné à partir 

du magma primaire. Le point noir représente la composition que nous utilisons dans la suite du 

manuscrit.  
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Figure V.19: Spectres de Terres Rares normalisés aux chondrites d’Evensen et al. (1978). La 

composition des laves les plus extrêmes (la moins et la plus différenciée) sont modélisée par de 

cristallisation fractionnée de 20 à 94% à partir du magma primaire modélisé (Figure V.10).
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Figure V.20: Diagramme AFM d’après Irvine et Baragar (1971) des laves intermédiaires. Les champs 

jaune, orange et rouge délimitent les laves des groupes 1 (spectres plats), 2 (spectres légèrement 

enrichis) et 3 (spectres très enrichis).�
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Figure V.21 : Diagrammes d'éléments majeurs en fonction de SiO2. Les champs jaune, orange et 

rouge délimitent les laves des groupes 1 (spectres plats), 2 (spectres légèrement enrichis) et 3 (spectres 

très enrichis).�
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Figure V.22: Diagrammes d’éléments majeurs en fonction de SiO2. Les droites de régression 

recoupent les triangles définis par les pôles Olivine, Plagioclase et Pyroxène.
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Figure V.23: Diagramme triangulaire Olivine - Plagioclase - Pyroxène. Les droites sont définies par 

les recoupements entre droites de régression des laves et triangle Ol-Pl-Px dans les diagrammes de la 

Figure V.22. Le champ rouge délimite les compositions possibles du cumulat qui a fractionné à partir 

du magma primaire. Le point noir représente la composition que nous utilisons dans la suite du 

manuscrit.�
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Figure V.24: Spectres de terres rares normalisées aux chondrites d’Evensen et al. (1978). Les spectres 

à carrés bleus sont les résultats des modèles de 45% et 77% de cristallisation fractionnée d’un 

assemblage Pl + Ol + Cpx + Opx à partir du magma primaire modélisé (Figure V.11)Figure V.10.  

Les laves du groupe 1 sont représentées par les spectres jaunes.
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Figure V.25: Diagrammes d’éléments majeurs en fonction de SiO2. Les droites de régressions 

recoupent les triangles définis par les pôles Olivine, Plagioclase et Clinopyroxène.
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Figure V.26: Diagramme triangulaire Ol - Pl - Cpx. Les droites sont définies par les recoupements 

entre droites de régression des laves et triangle Ol-Pl-Px dans les diagrammes de la Figure V.25. 

Même représentation que dans la Figure V.23.�
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Figure V.27: Spectres de terres rares des laves intermédiaires du groupe 2 normalisés aux chondrites 

(Evensen et al., 1978) et modélisation de 73% et de 84% de cristallisation à partir d’un magma 

primaire (Figure V.11). �

	

'�������������������"���������&��"������ �����������������#������+�

 ��	����	��	������)��	������	����	�������������	���	��	!���	��������������	��	������	�����	��)���	

���	�������	��#	������	�����	������	��	���	�������	��������	��	(�	�����������	�����������	'��&	

����������	������������	�������	����	��	����	���	���������	��	���������&	��	�����1��#)��&	

��������1��#)��	 ��	 ���#1����	  ��	 ����	 ����	 ����	 ��!!���������	 ����	 ��������	 ��	 ��������	V���	

����	����	�������	���	�������	���	���������	��	�����	��	!�������������&	����	����	����������	

���	 ��	 �!!���	 ��	 �	 �������������	 ��	 ���������&	 ��	 �����1��#)��	 ��	 ��	 �������1��#)��	 ����	

��G���������	���	 �������	 �	 ��!!��	 ��	 �	 �������������	��	 ��������	0����&	 ����	 ����	 ��������	 �	

�������	��	7�����	 $5A?A%	 ����	 ��	�"��	���������&	 �����1��#)��	 ��	������1��#)��	 $4�����	


�.?	��	4�����	
�.A%�	'	���	���������	��	�����	���	��	���������	��	!�������������	��!�����	���	

��	 ����	��	������	/	��	����	���	�����	��������	���	����	���	�������	5	��	.	���	 ���������	��	

��!!�����������	���	������	���	������	 ��	����	��	������	/	���	���	�������	��	9�B.	���	��	�������	

���	��)�	���&	��	,>�,-	�	>+�>-�	



��������	
	�	
���������	�	������	�����	

195

41% Cpx

59% Opx

66% Pl

34% Opx

Plagioclase

SiO2 (wt%)

N
a

2
O

 +
 K

2
O

 (
w

t%
)

Clinopyroxène

Plagioclase

35% Pl

65% Cpx

50% Pl

50% Opx

SiO2 (wt%)

M
g
O

 +
 F

e
2
O

3
* 

(w
t%

)

Plagioclase

57% Pl

43% Cpx

77% Pl

23% Opx

 A
l2

O
3
 (

w
t%

)

Plagioclase

56% Pl

44% Cpx
59% Pl

41% Opx

SiO2 (wt%) SiO2 (wt%)

C
a

O
 (

w
t%

)

Clinopyroxène

Clinopyroxène

Clinopyroxène

0

5

10

15

20

25

30

35

45 50 55 60 65
0

5

10

15

20

25

45 50 55 60 65

0

1

2

3

4

5

45 50 55 60 65

Orthopyroxène

Orthopyroxène

OrthopyroxèneOrthopyroxène

0

10

20

30

40

50

45 50 55 60 65

	

Figure V.28: Diagrammes binaires d’éléments majeurs et tendances de fractionnement des laves du 

groupe 3 de l’arc intermédiaire. 
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Figure V.29: Diagramme ternaire Opx-Cpx-Pl permettant de déterminer la composition de 

l’assemblage minéralogique qui fractionne le magma primaire des laves du groupe 3.�



��������	
	�	
���������	�	������	�����	

196

 �	�����	��!���	���	��	������	�������	���������	��G����	���	��)�	�����	�����	����	������	���&	

���������	 ��	 ��!!�����������	 ���	 ������	 ���	 �����	 ��	 ��	 ���������	 ��	 !�������������	 ����	��	

��!������	  ��	 �������	 ��!�����	 ���	 ��	 ������	 ��.BQY.B	 ��	 M�BQ4�B	 ���������	 ���	

�����������	��	���������	��)�	��!!�������	��	����	����	!����	����	��#	�������	��	��B	��	0.B/	

����	 ����������	 ��	 �����������	 ���	 �������#	 ����	 ����������	 �������������	 ����	

�����������	��	���������	������������	���������	��	>+-	��	���������&	/,-	��������1��#)��	

��	,-	��	�����1��#)��	����	������	��!!��	��	�	�������������	!����������	���	��	������	������	;,-	

��	�������������	��	����������	>+-	<	Q	/,-	B�#	Q	,-	��#	������	��	����������	�	���	�	

�����	 ��!!��������	 ��	 ������	 /	 ��	 =/-	 ��	 �������������	 ���������	 �	 ���	 �	 ���	 ��!!��������	

$4�����	
�/+%�	0����&	�����	�	!����	��!!������	��	!�������������	�����	�	���	�	���	�������	��	

�	���	�	���	��!!��������	��	������	/	��	��	���������	������������	��!!��������	��!���	���	��	

�������	��G����&	����	��������	�	��������	��	��������	��	������	�����	��S��	�	��	���������	��	

>+-	��	���������&	��	/,-	��������1��#)��	��	��	,-	��	�����1��#)���	

	

R
o

c
h

e
 /

 C
h

o
n

d
ri
te

73% de CF

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

45% de CF

Magma primitif modélisé

1

10

100

1000

Figure V.30: Modélisation de la cristallisation fractionnée des laves du groupe 3 de l'arc intermédiaire 

à partir du magma primaire modélisé (Figure V.11).�
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Figure V.31: Modélisation de la cristallisation fractionnée de la lave 07MT90 de l'arc intermédiaire à 

partir du magma primaire modélisé (Figure V.11).�
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Figure V.32: Diagramme AFM selon Irvine et Baragar (1971). Les laves de la phase sous-marine de 

Jacob sont figurées en vert foncé et les laves de la phase aérienne en vert plus clair. 
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Figure V.33: Diagramme TAS selon Le Bas et al. (1991) 
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Figure V.34: Diagrammes d'éléments majeurs en fonction de SiO2.
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Figure V.34 (Suite) 
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Figure V.35: Diagrammes binaires d’éléments majeurs et tendance de fractionnement des laves de la 

phase sous-marine Jacob.�
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Figure V.36: Diagramme ternaire Cpx-Ol-Pl permettant de déterminer la composition de l’assemblage 

minéralogique qui fractionne le magma primaire des laves de la phase Jacob sous-marine.�
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Figure V.37: Diagrammes binaires d’éléments majeurs et tendance de fractionnement des laves de la 

phase aérienne Jacob.�

1090

80 20

3070

60 40

5050

40 60

7030

20 80

9010

10 20 30 40 50 60 70 80 90

Opx

Cpx Pl

Na2O + K2O

Al2O3

CaO

MgO + FeO
	

Figure V.38: Diagramme ternaire Opx-Cpx-Pl permettant de déterminer la composition de 

l’assemblage minéralogique qui fractionne le magma primaire des laves de la phase Jacob aérienne.�
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Figure V.40: Spectres de terres rares normalisés aux chondrites (Evensen et al., 1978) des phases 

sous-marine et aérienne de Jacob.�
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Figure V.41: Diagramme AFM (Irvine et Baragar, 1971) et diagramme TAS (Le Bas et al., 1991).�
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Figure V.42: Diagrammes d'éléments majeurs�
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Figure V.43: Spectres de terres rares normalisés aux chondrites (Evensen et al., 1978).�
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Figure V.44: Diagrammes d'éléments majeurs permettant de retrouver l’assemblage minéralogique 

ayant fractionné un magma primaire.�
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Figure V.45: Diagramme ternaire pyroxène - amphibole - plagioclase. Le champ rouge représente les 

compositions possibles de l'assemblage minéralogique qui cause le fractionnement des laves des 

phases volcaniques Trois Ilets, Carbet, Conil et Pelée.�
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Figure V.46: Spectres d'éléments traces des laves martiniquaises normalisés au manteau primitif de 

McDonough et Sun (1995)	



��������	
	�	
���������	�	������	�����	

210

	

Pelée

Carbet Conil

1

10

100

1000

1

10

100

1000

1

10

100

1000

Cs
Rb

Ba
Th

U
Nb

Ta
La

Ce
Pr

Pb
Nd

Sr
Sm

Zr
Hf

Eu
Gd

Tb
Dy

Ho
Er

Li
Y

Yb
Lu

Cs
Rb

Ba
Th

U
Nb

Ta
La

Ce
Pr

Pb
Nd

Sr
Sm

Zr
Hf

Eu
Gd

Tb
Dy

Ho
Er

Li
Y

Yb
Lu

Cs
Rb

Ba
Th

U
Nb

Ta
La

Ce
Pr

Pb
Nd

Sr
Sm

Zr
Hf

Eu
Gd

Tb
Dy

Ho
Er

Li
Y

Yb
Lu

R
oc

he
s 

/ m
an

te
au

 p
rim

iti
f

R
oc

he
s 

/ m
an

te
au

 p
rim

iti
f

R
oc

he
s 

/ m
an

te
au

 p
rim

iti
f

	
Figure 46 (suite) 
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Figure V.48: Diagrammes Zr/Sm normalisé au manteau primitif (McDonough et Sun, 1995) en 

fonction de l'âge des roches.	
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Figure 1: Diagramme 
87

Sr/
86

Sr en fonction de 
206

Pb/
204

Pb des laves des Petites Antilles (Georoc, Juin 

2007) et des nouvelles données sur la Martinique.�
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Figure 2: Schéma de la subduction des Petites Antilles et du changement de source mantellique dû au 

passage de la ride asismique.�
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.4
7

-1
.5
9

2
.4
9

2
.5

0
.4
0

2
.1
6

2
.1
3

-1
.3
9

T
a

5
.7
9

0
.0
7
9
8

0
.0
8
0
3

0
.6
3

0
.1
6
7

0
.1
6
3

-2
.4
0

0
.1
6
9

0
.1
6
9

0
.0
0

0
.5
2
4

0
.5
1
6

-1
.5
3

P
b

4
.7
7

1
.6
3

1
.6
3

0
.0
0

5
.6
6

5
.6
8

0
.3
5

5
.6
1

5
.7
4

2
.3
2

6
.3
2

6
.1
9

-2
.0
6

T
h

1
0
.8
7

1
.0
4

1
.0
2

-1
.9
2

4
.2

4
.2
3

0
.7
1

4
.2
3

4
.2
8

1
.1
8

6
.0
3

6
.0
1

-0
.3
3

U
2
.4
6

0
.4
0
9

0
.4
1
2

0
.7
3

1
.1
2

1
.1
3

0
.8
9

1
.1
2

1
.1
3

0
.8
9

1
.1
4

1
.1
3

-0
.8
8

T
a
b

le
a
u

 3
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S
u
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Echantillons 07MT82 07MT113 07MT115 06MT66 06MT68 07MT78

Latitude 14.450 14.780 14.759 14.474 14.452 14.397

Longitude -60.863 -60.888 -60.933 -60.859 -60.856 -60.864

Altitude (m) 13 13 28 100 6

Age en ka 24800±400 24200±400 24200 24800±400 24800 24800

%

SiO2 52.9 60.8 57.4 70.5 49.1 50

TiO2 0.83 0.53 0.71 0.41 0.52 0.67

Al2O3 19.6 15.6 16.8 14.95 19.3 18

Fe2O3 8.1 6.55 7.65 2.66 8.33 8.46

MnO 0.19 0.17 0.15 0.02 0.14 0.16

MgO 2.38 1.5 2.38 0.23 6.47 6.3

CaO 9.98 6.38 8.12 2.52 11.92 11.34

Na2O 3.19 3.29 3.18 5.42 1.95 2.32

K2O 0.43 0.68 0.73 1.32 0.49 0.41

P2O5 0.13 0.16 0.13 0.11 0.07 0.09

LOI 1.7 4.33 2.51 2.02 1.47 2.21

Total 99.43 99.99 99.76 100.16 99.76 99.96

07MT82 07MT113 07MT113 07MT115 06MT66 06MT66 06MT68 07MT78 07MT78

Dup Dup Dup

ppm

Sr 265 203 203 213 155 163 349 377 378

Sc 27 13 13 19 17 17 36 35 35

V 205 57 57 135 12 12 212 225 225

Cr 15 3 3 11 3 3 38 144 144

Co 19 12 12 18 2.5 2.5 35 34 34

Ni 9 3 3 7 2 2 28 42 42

Li 6.41 13.5 13.6 5.53 17.6 17.2 5.46 5.34 5.5

Rb 6.5 14.3 14.5 17.7 23.1 23.5 6.59 2.52 2.51

Y 24 27.3 27.4 31.8 42.3 42.2 15.1 16.9 16.8

Zr 64.9 104 105 107 216 218 49.1 52.5 52.5

Nb 1.61 1.71 1.71 2.09 4.07 4.1 0.897 1.24 1.23

Cs 0.221 0.178 0.175 0.26 0.305 0.301 0.107 0.0513 0.0519

Ba 125 208 208 233 315 315 109 107 108

La 4.47 6.39 6.42 6.87 12.6 12.8 2.9 4.46 4.46

Ce 11.5 16.4 16.4 17.6 32.2 31.6 7.54 10.9 10.9

Pr 1.83 2.49 2.51 2.73 4.63 4.59 1.15 1.67 1.66

Nd 8.78 11.8 11.7 13 21.8 21.6 5.77 7.78 7.84

Sm 2.63 3.31 3.26 3.68 5.85 5.81 1.74 2.14 2.06

Eu 0.982 1.05 1.06 0.995 1.48 1.46 0.625 0.733 0.757

Gd 3.18 3.72 3.72 4.22 6.1 6.01 1.97 2.35 2.35

Tb 0.532 0.61 0.612 0.69 1.01 0.999 0.349 0.388 0.391

Dy 3.56 3.97 4.02 4.7 6.17 6.28 2.2 2.5 2.55

Ho 0.79 0.871 0.874 1.03 1.33 1.33 0.481 0.555 0.552

Er 2.37 2.6 2.64 3.06 3.95 3.93 1.44 1.61 1.63

Yb 2.26 2.63 2.61 3.03 3.81 3.75 1.34 1.56 1.54

Lu 0.363 0.425 0.423 0.476 0.592 0.584 0.203 0.245 0.244

Hf 1.78 2.6 2.6 2.98 5.32 5.24 1.29 1.46 1.44

Ta 0.107 0.115 0.115 0.14 0.261 0.258 0.059 0.0798 0.0803

Pb 1.48 5.64 5.65 2.4 4.64 4.4 2.63 1.63 1.63

Th 0.754 1.35 1.35 1.78 2.7 2.77 0.59 1.04 1.02

U 0.516 0.667 0.661 0.919 1.18 1.17 0.464 0.409 0.412

Complexe de Base Série de Sainte Anne

�

Tableau 1 : Tableau de données d’éléments majeurs et éléments traces�
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06MT67 07MT83 06MT53 07MT80 07MT81 07MT79 07MT114 06MT54

14.474 14.488 14.757 14.467 14.469 14.468 14.760 14.739

-60.859 -60.820 -60.901 -60.819 -60.840 -60.825 -60.873 -60.910

28 45 123 9 112 80 7 53

24400±400 24400 23400±400 23300±400 23000 22900±400 20800±400 20800

07MT83 06MT54

Dup Dup

69 71 68.4 58.5 51 55.8 60.3 57.4 53.3 53.3

0.41 0.5 0.47 0.64 0.65 0.89 1.22 0.85 0.76 0.76

14.4 15.75 15 17 18.45 17.2 15.4 16.8 17.8 17.8

4.46 1.66 3.77 8.26 8.82 8.54 8.7 8.1 8.61 8.61

0.11 0.03 0.03 0.17 0.18 0.2 0.23 0.18 0.2 0.2

0.57 0.13 0.3 2.85 5.55 3.75 1.97 2.97 4.76 4.76

2.98 2.58 2.36 6.61 11.25 8.43 5.54 7.97 9.27 9.27

5.3 5.54 5.15 3.44 2.36 3.36 4.29 3.2 2.75 2.75

1.24 1.37 1.29 0.57 0.37 0.46 1 0.7 0.86 0.86

0.11 0.04 0.06 0.15 0.1 0.14 0.21 0.14 0.1 0.1

1.46 1.22 2.75 1.36 1.16 1.03 1.15 1.15 1.23 1.23

100.04 99.82 99.58 99.55 99.89 99.8 100.01 99.46 99.64 99.64

06MT67 07MT83 07MT83 07MT83 06MT53 07MT80 07MT81 07MT79 07MT114 06MT54 06MT54

Dup Ter Dup

166 176 176 179 224 339 216 211 211 248 248

18 21 19.5 19.5 17.5 37 33 31 25 34 34

13 15 14 14 120 226 224 73 205 256 256

2.5 2.5 2.5 2.5 8 49 20 3 9.5 22.5 22.5

3.5 2.5 3 3 17.5 33 26 15 20 27 27

1.5 2 2.5 2.5 6 21 12.5 2 5.5 16.5 16.5

12.2 8.98 9.04 8.97 6.34 5.27 6.17 5.04 8.8 10.3 10.3

21.4 22.6 22.8 23 12.3 5.92 13.1 19.6 13.1 19 19

49 112 112 114 28.5 18.8 32.9 45.8 31.1 28.2 28.2

206 208 211 215 97.4 62.9 120 139 99.1 96 96

3.95 3.65 3.69 3.76 2.18 0.956 2.37 2.61 2.06 1.68 1.68

0.353 0.314 0.327 0.322 0.307 0.282 0.602 1.01 0.888 0.659 0.659

303 309 318 317 191 126 141 227 214 202 202

11.5 28.3 28.7 28.9 6.57 4.96 7.26 9.02 7.37 6.14 6.14

28.9 75.2 78.2 78.8 16.3 12.2 18.4 22.9 18.1 15.5 15.5

4.24 12.9 13.1 13.1 2.39 1.82 2.75 3.61 2.74 2.33 2.33

19.8 61.7 63.2 63.4 11.4 8.45 12.7 17.5 12.7 11.1 11.1

5.56 17.7 18.1 17.9 3.11 2.27 3.58 5.12 3.6 3.17 3.17

1.39 3.84 3.86 3.88 1.01 0.731 1.06 1.54 1.04 0.874 0.874

6 18.3 18.6 18.7 3.58 2.6 4.26 6.06 4.21 3.62 3.62

1.05 2.92 2.97 2.99 0.598 0.427 0.717 1.02 0.701 0.637 0.637

6.83 17.6 18 18 3.98 2.76 4.71 6.65 4.66 4.12 4.12

1.49 3.63 3.71 3.72 0.884 0.609 1.04 1.47 1.02 0.924 0.924

4.56 10.4 10.6 10.6 2.78 1.81 3.11 4.45 3.07 2.72 2.72

4.63 10.3 10.4 10.5 2.79 1.73 3.04 4.28 3 2.67 2.67

0.743 1.58 1.61 1.63 0.441 0.269 0.479 0.681 0.46 0.415 0.415

4.96 5.21 5.33 5.34 2.42 1.71 2.96 3.71 2.74 2.53 2.53

0.248 0.251 0.257 0.26 0.132 0.064 0.165 0.181 0.133 0.112 0.112

4.18 5.27 5.88 5.91 2.04 1.98 2.52 4.26 3.45 2.69 2.69

2.61 2.79 2.82 2.86 1.24 1.36 1.57 1.89 1.72 1.55 1.55

1.25 1.61 1.64 1.65 0.603 0.586 0.758 0.981 0.849 0.782 0.782

Série de Sainte Anne

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U

Tableau 1 (suite)�
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06MT73 06MT70 07MT104 07MT116 07MT103 07MT95 07MT108 06MT64 07MT96

14.596 14.584 14.625 14.563 14.605 14.520 14.717 14.604 14.576

-60.898 -60.856 -60.903 -60.927 -60.911 -60.843 -60.984 -60.955 -60.857

101 84 52 54 35 30 118 108 40

16120±230 16000 16000 16000 16000 15000 15000 15000 11980±390

66.5 54.75 56 50.7 65.7 50 51 49 49.35

0.64 1.12 1.4 0.74 0.66 1.81 0.93 1.4 1.45

14.2 16.3 15.7 19.8 13.8 15.3 20.35 15.88 16.4

5.71 10.3 10.45 9.18 6.85 13.45 9.45 12.28 12.6

0.14 0.2 0.2 0.19 0.13 0.22 0.19 0.22 0.2

0.84 3.3 3.11 3.57 1.08 4.24 2.88 4.2 5.18

3.31 7.75 7.08 10.54 3.52 8.85 10.8 9.72 10.22

4.75 3.1 3.78 2.35 4.49 2.61 2.66 2.48 2.47

0.98 0.69 0.81 0.34 0.89 0.56 0.55 0.29 0.5

0.2 0.13 0.27 0.09 0.2 0.3 0.16 0.22 0.25

2.94 2.21 1.21 2.46 2.51 2.76 0.73 4.02 0.82

100.21 99.85 100.01 99.96 99.83 100.1 99.7 99.71 99.44

06MT73 06MT73

Dup

158 157 195 199 199 150 172 292 140 155

22 22 44 31.5 30 22 48 30 47 48

5 5 297 230 260 13 410 275 380 350

2.5 2.5 3.4 7 4.5 2.5 14.5 5 12 27

5 5 19 21 24 7 34 26.5 34 36

1.5 1.5 1 8 5 2 14 5.5 10 13

5 4.97 8.46 5.56 9.74 7.43 14 7.3 11.5 14

20.3 20.1 15.4 29.5 9.33 16.6 44.8 15.2 16 31.5

48.7 48 28.1 43.7 18.5 44.1 48.7 27.4 32.9 39.7

159 156 64.4 164 45.8 138 159 72.1 111 141

4.08 4.06 2.67 5.57 0.922 3.3 3.89 2.21 2.86 3.28

0.168 0.166 1.21 1.38 0.284 0.219 6.91 0.704 4.02 3.15

186 180 122 175 81.2 175 202 97.2 152 165

10.6 10.2 5.59 12.6 3.54 9.46 13.5 6.1 10.2 10.4

27.3 26.5 12.5 29.5 8.68 24 31.7 14.6 24 25.1

3.88 3.74 1.73 4.26 1.31 3.54 4.6 2.21 3.34 3.65

18.2 18.4 8.28 19.1 6.16 16.6 21.1 10.4 15.3 16.8

5.44 5.31 2.57 5.17 1.87 4.86 5.95 2.94 4.46 4.67

1.58 1.56 1.01 1.46 0.679 1.42 1.39 0.949 1.14 1.15

6.36 6.4 3.24 5.97 2.41 5.92 7.07 3.58 5.15 5.65

1.11 1.13 0.596 1 0.405 1 1.19 0.595 0.914 0.949

7.16 7.12 4.17 6.57 2.83 6.74 7.8 3.9 5.73 6.19

1.62 1.59 0.894 1.43 0.624 1.51 1.66 0.86 1.28 1.36

4.89 4.8 2.68 4.24 1.88 4.59 4.91 2.55 3.7 3.98

4.87 4.89 2.55 4.08 1.78 4.52 4.47 2.36 3.46 3.68

0.748 0.752 0.406 0.646 0.278 0.714 0.687 0.37 0.538 0.565

4.12 3.98 1.7 4.01 1.3 3.79 4.25 1.92 3.25 3.61

0.247 0.243 0.128 0.366 0.0642 0.23 0.26 0.139 0.206 0.216

8.02 7.83 3.3 4.71 1.32 4.03 9.29 2.99 6.03 6.84

2.36 2.35 1.26 3.67 0.849 2.18 4 1.16 2.99 3.18

0.758 0.772 0.494 1.06 0.31 0.716 1.42 0.384 1.06 1.19

Vauclin Pitault sous-marin

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U

Tableau 1 (suite)�
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07MT98 06MT63 07MT110 07MT111 07MT97 07MT105 06MT69 07MT86 07MT89

14.707 14.717 14.664 14.647 14.562 14.618 14.557 14.495 14.541

-60.936 -60.930 -60.935 -60.940 -60.853 -60.948 -60.885 -60.988 -61.053

55 16 28 43 49 355 485 23 60

11500 11500 11500 11500 9030±180 8480±140 10640±200 10600 10600

61.8 59.1 53.9 54.65 59 50 47.3 59.5 59.3

0.74 0.79 0.99 0.89 1.19 1.5 1.69 0.68 0.65

15.75 16.8 16.4 16.22 15.3 18.3 16.46 16.7 17.25

7.61 8 11.41 9.95 10.03 12.1 13.82 6.95 7.05

0.2 0.23 0.25 0.24 0.23 0.2 0.21 0.1 0.16

1.52 2.02 3.89 3.22 2.16 3.8 5.25 2.83 2.89

4.98 5.88 8.84 7.46 5.87 9.82 9.75 7.21 7.65

4.56 4.17 2.84 3.31 3.95 2.52 2.14 2.08 2.36

0.54 0.5 0.24 0.54 0.84 0.39 0.77 1.41 1.2

0.25 0.18 0.11 0.14 0.23 0.22 0.29 0.13 0.12

1.9 2.08 0.97 3.34 0.65 1.02 1.95 1.82 1.06

99.85 99.75 99.84 99.96 99.45 99.87 99.63 99.41 99.69

219 269 181 173 168 208 155 191 210

20 22 44 34 40 37 46.5 25.5 24

33 54 320 183 86 322 385 111 123

2 2.5 13 5.5 2 8 20 44 21

9 12 28 21 18 29 38 15 19

1.5 1.5 6.5 3.5 1.5 10.5 15 5 5

10.4 7.32 6.79 16.1 22.5 12.5 18.2 19.5 15.5

8.89 8.34 2.94 12.8 35.7 28.3 30.6 86.4 81.2

43 37.6 27.7 28.9 47.3 37.6 45.4 28.5 27.2

118 85.3 63.2 77.2 125 115 165 125 121

2.6 2.15 1.01 1.4 2.62 2.92 4.26 7.74 6.01

0.24 0.221 0.0725 0.219 2.64 3.49 0.4 8.86 2.96

139 125 87.2 137 227 170 193 393 350

6.52 5.71 3.93 5.97 10.7 10.4 12.2 22 19.7

17.8 14.9 10.1 14.2 25.1 24.5 29.6 45.5 40.7

2.93 2.28 1.56 2.05 3.72 3.56 4.04 5.63 5.11

14.8 11.6 7.69 9.62 17.4 16.2 18.6 21.5 19.5

4.51 3.61 2.49 2.92 5.08 4.6 5.08 4.55 4.12

1.48 1.25 0.914 1.02 1.47 1.19 1.3 0.95 0.914

5.45 4.57 3.3 3.77 6.26 5.43 6.08 4.35 4.09

0.911 0.782 0.557 0.646 1.07 0.894 1.06 0.686 0.66

6.11 5.29 3.92 4.36 7.22 5.9 6.67 4.25 4.08

1.38 1.2 0.88 0.969 1.58 1.27 1.47 0.888 0.861

4.22 3.69 2.64 2.92 4.67 3.66 4.32 2.61 2.52

4.1 3.55 2.56 2.79 4.4 3.38 3.95 2.38 2.33

0.673 0.552 0.407 0.446 0.699 0.525 0.615 0.368 0.364

3.02 2.25 1.68 2.03 3.57 3.21 3.89 3.09 3.1

0.154 0.128 0.0674 0.0955 0.178 0.195 0.262 0.551 0.441

2.25 2.76 2.08 4.48 7.28 6.25 6.87 8.35 9.07

1.14 0.882 0.823 1.43 2.72 2.98 3.85 9.04 8.89

0.522 0.391 0.273 0.489 1 1.08 1.26 1.93 1.92

Vauclin Pitault aérienVauclin Pitault sous-marin

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U

Tableau 1 (suite)�
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06MT71 07MT94 06MT74 07MT90 07MT75 06MT65 07MT85 07MT84

14.546 14.523 14.497 14.538 14.531 14.470 14.500 14.508

-60.832 -60.895 -60.875 -61.043 -60.949 -60.892 -60.951 -60.878

20 337 170 35 94 270 86 154

10300 9890±140 9000 8980±180 8760±140 8440±120 8400 8400

49.3 54.3 58.5 56.8 59.95 59.3 59.5 51.4

2.06 1.4 1.45 0.63 0.78 0.6 0.83 1.54

17.05 15.25 14.52 17.5 16.85 18 15.85 16.5

13.2 12.4 11.03 8.6 7.07 6.53 7.25 12.45

0.2 0.21 0.2 0.18 0.16 0.12 0.14 0.2

3.8 3.36 1.9 3.48 2.4 2.88 2.9 3.95

9.25 7.74 5.7 7.7 7.05 7.42 6.7 9.36

2.7 2.99 3.54 2.72 1.9 2.31 2.51 2.52

0.74 0.98 1.72 1.07 1.5 1.29 1.72 0.85

0.31 0.2 0.26 0.1 0.14 0.12 0.18 0.22

0.93 1.08 0.93 0.7 1.35 1.37 1.85 0.86

99.54 99.91 99.75 99.48 99.15 99.94 99.43 99.85

07MT90

Dup

176 178 152 170 171 198 228 168 175

42 48 37 59 59 21.5 21 24 47

400 375 68 197 197 104 97 170 395

21 14 2.5 11 11 15 20 18 13

35 29 20 27 27 17 15 20 32

23 7.5 2 9 9 4 4.5 12.5 10.5

16.7 24.2 18.1 12.6 12.8 20.8 13.3 17.5 13.7

43.7 49.4 75.2 69.6 70.2 73.9 67.4 162 42.4

52.4 40.1 43.7 15.7 15.8 32.5 39.8 27.2 43.5

175 109 145 68.7 68.4 133 122 162 136

4.25 2.72 4.35 2.06 2.04 9.24 7.41 4.72 3.07

4.17 2.3 6.85 2.87 2.86 2.43 2.97 10.4 3.73

239 225 336 234 235 440 396 359 206

15.7 10.4 15 10.5 10.6 24.6 30 20.7 11.9

37 21.9 34 22.5 22.5 51.6 51.2 42.6 27.7

5.14 3.49 4.6 2.75 2.77 6.42 6.83 5.29 4.01

23.9 16.1 20.9 10.7 10.8 24.3 26.1 20.1 18.4

6.79 4.62 5.73 2.48 2.46 5.17 5.45 4.41 5.21

1.59 1.3 1.52 0.733 0.743 1.06 1.27 0.846 1.3

7.66 5.51 6.54 2.59 2.59 5.02 5.6 4.3 6.2

1.3 0.923 1.09 0.419 0.422 0.809 0.889 0.683 1.03

8.25 6.07 7.06 2.7 2.72 4.95 5.44 4.22 6.79

1.84 1.32 1.55 0.587 0.593 1.04 1.14 0.914 1.47

5.32 3.83 4.5 1.76 1.77 3.07 3.32 2.66 4.33

5.02 3.6 4.39 1.71 1.7 2.93 3.02 2.45 3.99

0.733 0.56 0.672 0.267 0.263 0.458 0.465 0.376 0.612

4.91 3.06 4.17 2.01 2.01 3.52 3.18 4.25 3.76

0.278 0.183 0.305 0.161 0.159 0.658 0.517 0.34 0.207

9.66 5.82 12.7 7.31 7.26 9.7 9.07 14.7 7.53

4.46 2.7 4.55 5.61 5.59 9.96 8.7 12.5 3.4

1.55 0.941 1.74 1.47 1.48 2.08 1.87 3.72 1.17

Vauclin Pitault aérien

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U
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Gros Ilet

07MT93 07MT76 06MT60 07MT91 07MT92 06MT72

14.476 14.516 14.501 14.524 14.524 14.539

-60.939 -60.944 -61.017 -61.051 -61.051 -61.022

146 93 380 45 45 2

9230±140 9200 8760±130 8700 8700 7100±100

59.2 58.5 60.6 56.5 56.7 67.35

0.65 0.73 0.63 0.62 0.64 0.47

17.4 17.1 16.5 16.75 17.5 16.6

6.66 6.87 6.88 7.1 7.18 2.4

0.11 0.12 0.12 0.11 0.12 0.02

2.9 3.37 2.75 2.77 3.24 0.6

7.52 7.75 6.29 7.6 7.45 3.9

2.3 2.14 2.69 2.21 2.45 2.67

0.97 0.92 1.9 1.34 0.86 1.98

0.13 0.14 0.12 0.11 0.12 0.06

1.33 2.02 1.29 3.97 3.62 3.8

99.17 99.16 99.77 99.08 99.88 99.85

07MT92

Dup

229 234 161 204 212 213 229

22 25 24 23 24.5 24.5 8

102 111 153 155 155 155 24

25 55 11 11 11 11 4

16 15 18 21 20.5 20.5 3

6 5 6.5 7 6.5 6.5 2

15.2 14.6 25.7 20.8 21.9 22 52.4

57.2 66.4 121 41.5 68.6 69.3 106

36.1 78.4 29.7 19.8 21.9 22.1 19.5

113 138 133 106 109 110 42.3

6.91 9.14 4.12 3.34 3.53 3.54 9.54

2.46 2.71 7 0.93 5.02 4.98 4.05

391 427 348 311 256 254 610

29 34.9 19.4 15.3 15.7 15.6 58.4

56.8 58.6 40.6 32 32.6 32.5 139

6.75 7.53 4.86 3.85 3.99 3.99 15.4

26.2 28.8 18.8 14.8 15.5 15.2 55.7

5.45 5.88 4.05 3.24 3.39 3.32 10.3

1.27 1.3 0.829 0.787 0.806 0.791 2.4

5.39 6.94 4.17 3.17 3.34 3.32 6.72

0.857 1.08 0.683 0.503 0.532 0.526 0.927

5.23 7 4.2 3.13 3.31 3.28 4.34

1.11 1.68 0.911 0.659 0.713 0.7 0.719

3.2 5.07 2.76 1.91 2.06 2.03 1.77

2.95 4.26 2.54 1.81 1.91 1.87 1.41

0.452 0.702 0.398 0.277 0.292 0.287 0.195

2.81 3.52 3.58 2.69 2.77 2.71 1.39

0.488 0.673 0.296 0.236 0.243 0.239 0.655

8.09 9.37 12.5 9.02 9.14 9.01 17.8

7.74 10.6 11.5 8.5 8.35 8.24 10.5

1.66 2.19 2.93 2.18 2.13 2.09 2.11

S et SW

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U
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06MT32 06MT23 07MT117 06MT39 07MT106 07MT112 06MT33 07MT107

14.835 14.799 14.707 14.706 14.775 14.624 14.809 14.764

-61.063 -61.050 -61.074 -61.074 -60.991 -61.026 -61.008 -60.990

46 146 78 39 31 198

5130±80 4863±72 4800 4800 4800 4860±72 4480±69 4300

50.65 53.90 48.6 49.80 52 49.65 51.10 53.8

1.04 0.74 0.61 0.81 0.81 1.3 1.12 0.75

20.00 18.31 19.03 21.10 20.25 17.77 18.44 18.5

10.30 10.08 8.45 8.66 8.85 11.31 11.24 9.62

0.21 0.22 0.23 0.20 0.16 0.29 0.23 0.18

3.30 3.29 4.41 2.79 2.9 4.48 4.11 2.94

10.00 8.16 12.55 11.05 9.56 10.94 9.56 8.1

2.92 3.30 1.97 2.53 2.94 2.32 3.16 3.13

0.35 0.60 0.32 0.54 0.5 0.8 0.40 0.46

0.11 0.14 0.09 0.12 0.15 0.22 0.12 0.14

0.70 1.16 3.98 2.41 1.57 0.87 0.01 2.47

99.58 99.90 100.24 100.01 99.69 99.95 99.54 100.09

06MT23 07MT106

Dup Dup

250 275 286 219 277 262 257 215 255 241

32 14 14 31.5 31 21 21 44 34 22

302 136 136 216 264 191 191 340 320 150

3 3.5 3.5 14 3.5 2.5 2.5 50 2.5 2.5

25.5 20 20 28.5 22 21 21 54 28.5 21

1 1.5 1.5 8.5 3 4.5 4.5 26 2 2

6.13 8.79 8.79 7.1 9.03 6.32 6.38 8.84 6.13 9.78

8.38 13.3 13.7 9.02 12.1 9.98 9.86 30.9 7.67 9.72

32.2 26.3 26.6 15.1 23.5 22.6 22.5 41.9 27.1 23.1

63.3 75.3 79 42.9 57.4 63.2 62.9 117 58.8 57.9

1.48 2.38 2.36 1.16 2.24 1.9 1.86 3.59 1.52 1.33

0.334 0.343 0.361 0.471 0.241 0.141 0.143 1.43 0.288 0.0629

64 98.7 99.1 72.5 101 80.7 80.6 135 67.7 73.6

4.24 5.58 5.61 4.02 6.05 4.95 4.97 9.7 3.93 3.68

10.6 14.2 14.2 9.57 14.8 12.4 12.4 22.5 10.2 9.66

1.65 2.03 2.04 1.43 1.95 1.91 1.9 3.25 1.61 1.56

8.39 9.65 9.59 6.48 8.95 9.14 9.02 15 8.13 7.87

2.75 2.79 2.79 1.86 2.57 2.58 2.57 4.18 2.64 2.46

0.992 0.994 0.999 0.618 0.861 0.884 0.914 1.13 1.02 0.922

3.48 3.29 3.26 2.23 3.02 3.06 3.09 5.05 3.27 3.09

0.62 0.556 0.579 0.364 0.498 0.523 0.523 0.823 0.602 0.525

4.1 3.82 3.79 2.5 3.36 3.4 3.42 5.39 3.97 3.49

0.933 0.835 0.837 0.548 0.778 0.745 0.75 1.19 0.889 0.767

2.82 2.5 2.51 1.6 2.28 2.26 2.23 3.52 2.63 2.28

2.53 2.5 2.46 1.51 2.23 2.2 2.19 3.16 2.42 2.23

0.407 0.391 0.393 0.242 0.36 0.348 0.339 0.496 0.375 0.349

1.58 1.88 1.84 1.3 1.48 1.69 1.67 2.87 1.55 1.59

0.0911 0.144 0.137 0.0844 0.138 0.119 0.118 0.226 0.0976 0.0843

1.83 2.54 2.55 2.59 2.74 1.75 1.75 4.43 1.98 1.93

0.67 1.01 1.02 1.06 1.42 0.886 0.907 2.47 0.633 0.594

0.223 0.337 0.33 0.36 0.367 0.298 0.302 0.787 0.228 0.214

Jacob sous-marin

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U
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06MT22 06MT34 06MT35 06MT30 06MT29

14.768 14.806 14.808 14.745 14.748

-61.054 -61.008 -61.008 -61.092 -61.089

146 108 61 460 345

4460±103 4100±60 4100 3010±189 3000

49.35 53.80 49.40 56.30 57.00

1.22 0.69 0.91 0.67 0.71

18.65 21.20 21.75 17.20 17.20

10.70 7.36 9.44 7.88 8.11

0.21 0.14 0.16 0.17 0.16

3.55 2.33 3.20 3.66 3.49

10.75 9.65 11.18 7.90 7.66

2.41 3.08 2.49 2.60 2.73

0.17 0.68 0.46 0.13 1.04

0.17 0.13 0.11 0.10 0.11

3.12 0.64 0.96 3.10 1.41

100.30 99.70 100.06 99.71 99.62

06MT22 06MT34 06MT35 06MT29

Dup Dup Dup

06MT30

Dup Dup

267 267 245 253 281 293 243 249 236 242

41 41 22 22 33 33 27 27 29 29

318 318 157 157 320 320 208 208 207 207

4 4 6 6 3.5 3.5 9 9 7 7

27 27 18 18 27.5 27.5 20.5 20.5 20 20

2.5 2.5 3.5 3.5 3.5 3.5 5 5 3.5 3.5

8.61 8.59 4.84 4.82 7.82 7.79 7.16 7.33 9.8 9.98

0.668 0.642 13.5 13.9 7.46 7.66 1.77 2.06 31.6 33.1

29.5 29.5 33.6 34.5 23.4 23.6 24.3 24.4 23.4 23.2

78.4 77.3 81.7 83.7 57 57.4 86.2 80.2 29 29.3

2.28 2.25 2.19 2.28 1.66 1.69 2.44 2.23 2.81 2.79

0.022 0.024 0.587 0.583 0.177 0.176 0.201 0.198 0.727 0.729

64.8 63.7 109 109 76.9 75.3 103 101 230 235

6.76 6.68 9.44 9.53 4.6 4.58 9.43 9.24 9.87 10

16.5 16.3 15 15.2 11 10.9 21.4 20.2 22.2 22.6

2.48 2.45 2.99 2.91 1.73 1.72 2.75 2.74 2.83 2.91

11.8 11.6 13.5 13.4 8.65 8.45 11.5 11.4 12.1 12.1

3.44 3.38 3.69 3.69 2.61 2.57 2.98 2.87 3.12 3.12

1.07 1.06 1.2 1.24 0.94 0.93 0.861 0.851 0.861 0.83

3.97 3.98 4.49 4.49 3.07 3.06 3.22 3.25 3.4 3.29

0.662 0.658 0.764 0.75 0.537 0.518 0.54 0.538 0.553 0.563

4.34 4.37 4.88 4.86 3.48 3.41 3.56 3.5 3.63 3.65

0.96 0.951 1.08 1.08 0.751 0.738 0.764 0.755 0.754 0.736

2.83 2.88 3.05 3.16 2.22 2.2 2.29 2.25 2.18 2.14

2.64 2.61 2.85 2.84 2.15 2.13 2.12 2.12 2.01 2.01

0.415 0.406 0.458 0.459 0.327 0.333 0.331 0.334 0.302 0.306

2.15 2.14 2.11 2.12 1.51 1.44 2.27 2.24 0.934 0.969

0.143 0.138 0.147 0.144 0.101 0.101 0.176 0.168 0.191 0.194

2.79 2.65 2.49 2.48 1.9 1.83 5.48 5.83 4.5 4.37

1.33 1.32 1.24 1.24 0.817 0.831 3.83 3.88 3.09 3.11

0.382 0.374 0.471 0.47 0.249 0.259 1.03 1.03 0.609 0.605

Jacob sous-marin Jacob aérien

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U
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06MT20 06MT13 06MT13b 06MT12 06MT08 07MT120 06MT25 06MT10 06MT15

14.733 14.728 14.728 14.729 14.718 14.651 14.769 14.736 14.772

-61.118 -61.079 -61.079 -61.088 -61.160 -61.134 -61.132 -61.059 -61.101

734 575 634 585

2650±39 2550±38 2550 2500 2270±32 2250 2120±30 2111±30 2040±29

56.90 58.80 59.10 56.00 60.65 59 59.80 59.80 58.20

0.56 0.63 0.64 0.58 0.93 0.97 0.66 0.69 0.69

16.05 17.52 17.78 16.85 15.95 16.3 17.00 16.60 17.20

7.30 7.54 7.10 8.23 8.12 8.63 7.28 7.45 8.45

0.11 0.13 0.13 0.22 0.13 0.14 0.16 0.13 0.14

2.00 3.08 2.94 2.80 1.98 2.32 2.67 2.94 3.18

7.35 6.80 6.77 6.61 5.80 6.45 5.72 6.13 6.45

2.40 3.05 3.10 2.53 3.31 3.37 2.92 2.71 2.82

1.09 1.21 1.20 0.98 1.88 1.45 1.68 1.69 1.31

0.10 0.13 0.13 0.10 0.17 0.14 0.13 0.13 0.14

6.10 1.17 1.09 5.00 1.14 1.14 1.48 1.85 1.45

99.96 100.06 99.98 99.90 100.06 99.91 99.50 100.12 100.03

06MT20 06MT08

Dup Dup

222 228 245 238 217 168 171 203 196 191 220

16 16 19 19 19 26 26 32 20.5 22 22

118 118 145 147 146 178 178 238 149 158 165

3 3 4 4 4 2 2 2.5 8.5 28 9

15.5 15.5 19 18 18 17 17 15.5 17 19 20

2.5 2.5 4.5 5 4 2 2 3 7 9 9

12.4 12.7 19.9 20.8 14 21.6 21.4 20 25.2 26 25.3

40.1 41.2 44.7 45.6 34.6 80.5 82.2 60.9 77.4 77.4 57.5

23.7 24.3 24.8 30.1 28.5 34.9 35.1 32.5 86.6 27.6 28.3

91.3 91.6 98.6 95.9 88.4 142 143 117 140 133 117

2.34 2.34 2.5 2.5 2.19 3.22 3.27 2.5 3.34 3.42 3.35

1.85 1.83 0.902 1.1 0.486 3.1 3.13 1.88 2.46 4.97 1.77

233 229 223 230 203 297 299 229 338 304 248

9.2 9.18 9.6 10.7 9.74 13.6 13.7 10.3 39.7 16.1 13.8

20.6 20.7 22.1 23 20.5 29.6 30.1 22.2 47.7 35 30.2

2.67 2.63 2.8 3.08 2.65 4.04 4.01 3.25 9.73 4.58 3.91

11.2 11 11.9 13.1 11.6 17.6 17.7 14 42.1 18.5 16.3

2.85 2.86 3.03 3.42 2.91 4.61 4.65 3.8 9.89 4.33 4

0.792 0.807 0.898 1.04 0.864 1.1 1.09 1.02 2.99 0.996 0.959

3.13 3.1 3.32 3.88 3.43 5.11 5.18 4.5 11.5 4.31 4.04

0.55 0.546 0.56 0.644 0.583 0.89 0.891 0.744 1.82 0.698 0.669

3.45 3.48 3.62 4.12 3.63 5.58 5.58 4.79 10.9 4.31 4.19

0.771 0.761 0.795 0.917 0.817 1.21 1.2 1.05 2.43 0.918 0.888

2.26 2.24 2.28 2.72 2.38 3.53 3.49 3.09 7.1 2.71 2.57

2.24 2.22 2.34 2.61 2.23 3.31 3.21 2.89 6.11 2.6 2.46

0.342 0.348 0.362 0.408 0.36 0.502 0.493 0.455 0.972 0.395 0.377

2.42 2.43 2.55 2.47 2.27 3.96 3.92 3.09 3.8 3.6 3.02

0.166 0.171 0.178 0.173 0.156 0.251 0.238 0.187 0.252 0.245 0.226

5.69 5.84 4.8 5.7 5.15 6.91 6.62 6.03 6.5 6.28 5.62

3.33 3.57 3.48 3.5 3.02 6.39 6.36 4.77 6.89 7.05 5.24

0.885 0.92 0.986 0.983 0.827 1.87 1.76 1.31 1.72 1.69 1.31

Jacob aérien

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U
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07MT118 06MT04 06MT38 07MT101 07MT100 06MT19

14.690 14.626 14.678 14.624 14.624 14.720

-61.019 -61.102 -61.094 -61.066 -61.065 -61.161

121 80 113 190

1930±28 1870±27 1860±27 1810±26 1800 1750±25

57.2 60.00 59.60 59.4 60.5 57.80

0.65 0.66 0.66 0.53 0.54 0.66

17.9 17.80 17.40 19.55 19.8 17.50

7.9 6.80 6.77 4.86 4.4 8.15

0.29 0.12 0.14 0.09 0.07 0.13

3.52 2.02 2.22 1.23 0.81 2.84

7.3 6.32 6.25 7.28 7.18 6.82

2.66 3.26 3.03 3.44 3.5 2.89

1.2 1.49 1.52 1.4 1.43 1.27

0.11 0.13 0.12 0.12 0.13 0.12

1.18 1.33 2.30 1.73 1.28 1.40

99.91 99.93 100.01 99.63 99.64 99.58

07MT118 07MT118 07MT118 06MT04 06MT19

Dup Ter Qua Dup Dup

229 229 227 225 208 213 206 241 245 219 225

23 23 23 23 20 20 20.5 15.5 15.5 21 21

170 170 170 170 137 137 134 61 63 162 162

4.5 4.5 4.5 4.5 3 3 4 3 2.5 3 3

22 22 22 22 14.5 14.5 15 8 8 18 18

6 6 6 6 4 4 6 2 2 4 4

19.2 19.2 19.1 19.4 28.3 27.6 28 29.1 23.6 24.3 24.4

53.5 54 53.2 52.6 62.8 64.1 70.8 59.4 61.4 54.9 55.3

26.7 26.5 26.2 26.1 26.6 26.8 26.9 25.1 43.2 28.8 28.4

89.4 89 88.1 87.4 112 114 113 107 112 100 99.5

2.22 2.22 2.18 2.16 2.61 2.66 2.72 2.42 2.47 2.37 2.37

2.56 2.57 2.58 2.58 2.81 2.79 3.33 1.5 2 1.63 1.65

202 202 203 203 260 259 258 247 251 257 259

9.47 9.55 9.55 9.43 11.8 11.7 11.7 10.1 12.9 12.8 12.7

21 20.9 21.1 21.1 26.1 26.1 26 23.3 26.7 25.3 25.1

2.84 2.82 2.85 2.83 3.46 3.39 3.47 3.13 3.57 3.62 3.72

12 11.9 12.1 11.9 14.4 14.4 14.5 13.1 15.3 15.7 15.7

3.05 3 3.13 2.99 3.61 3.72 3.72 3.35 3.93 3.91 3.83

0.801 0.787 0.784 0.797 0.929 0.923 0.923 0.928 1.09 1.03 1.02

3.43 3.45 3.51 3.46 3.91 3.92 3.84 3.7 4.83 4.11 4.03

0.574 0.567 0.584 0.571 0.654 0.659 0.661 0.606 0.781 0.694 0.679

3.75 3.7 3.67 3.71 4.19 4.12 4.13 3.88 5.17 4.25 4.19

0.827 0.819 0.811 0.822 0.897 0.919 0.887 0.84 1.17 0.917 0.918

2.48 2.45 2.47 2.49 2.6 2.64 2.56 2.43 3.52 2.65 2.64

2.39 2.4 2.38 2.39 2.53 2.5 2.47 2.31 3.18 2.51 2.51

0.382 0.391 0.389 0.382 0.387 0.407 0.375 0.359 0.508 0.389 0.377

2.51 2.47 2.5 2.49 3.1 3.15 3.1 2.88 2.96 2.69 2.7

0.167 0.163 0.169 0.169 0.2 0.199 0.204 0.185 0.186 0.173 0.174

5.66 5.68 5.74 5.61 8.71 8.9 6.28 6.62 6.94 7.11 7.01

4.2 4.23 4.28 4.23 5.46 5.69 5.46 4.87 4.98 4.46 4.56

1.12 1.13 1.13 1.12 1.43 1.49 1.44 1.29 1.33 1.24 1.23

Jacob aérien

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U
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06MT24 06MT01 06MT16 06MT17 06MT31 07MT99 06MT14

14.785 14.752 14.737 14.737 14.841 14.720 14.769

-61.070 -61.164 -61.145 -61.141 -61.064 -61.013 -61.086

578 173 504 445 60 169 827

1720±25 1710±24 1610±23 1600 1550 1550 1530±33

57.20 58.40 56.20 57.90 59.80 57 58.50

0.66 0.60 0.69 0.71 0.64 0.77 0.52

18.15 19.70 18.05 17.00 16.70 16.8 17.55

7.88 6.10 8.73 7.90 8.00 9.3 7.30

0.16 0.11 0.16 0.14 0.13 0.25 0.15

3.58 1.74 3.71 3.73 2.80 3.13 3.69

7.56 7.40 7.25 7.00 5.71 6.6 7.40

2.72 3.08 2.81 2.69 2.75 2.64 2.70

1.28 1.29 1.05 1.54 1.60 1.33 1.27

0.10 0.10 0.11 0.20 0.12 0.13 0.10

0.60 1.73 1.22 0.91 1.71 1.83 0.99

99.89 100.25 99.98 99.72 99.96 99.78 100.17

06MT16 07MT99 07MT99

Dup Dup Ter

227 228 227 235 418 195 216 221 214 227

23.5 18 25 25 25 19.5 21.5 21.5 21.5 20

180 116 189 189 182 145 175 175 175 134

6 3 27 27 76 11 3 3 3 43

21.5 12 23 23 21 20 20 20 20 20

8 3 13 13 27 10 4 4 4 16

17.3 24.8 23.4 23.2 23.9 26.2 25.5 25.6 25.5 29.8

49.3 54.7 41.4 42.1 62.4 77.2 59.2 59.9 59.2 59.7

22.6 21.4 258 260 29.7 40.2 27.7 28.3 27.7 20.6

84.1 85.6 79.5 81.2 125 128 96.7 97.3 97.1 84.4

1.94 2.05 1.9 1.89 3.37 3.31 2.21 2.21 2.23 2.05

3.53 2.27 1.27 1.28 2.33 2.6 1.88 1.92 1.87 2.58

210 231 195 194 257 271 232 233 228 224

8.82 9.34 72.5 73.6 18.5 14.7 9.16 9.33 9 10.2

19.7 20.4 25.2 25.3 36.7 30 20.4 20.6 20.4 21.3

2.54 2.76 25.2 25.1 4.82 4.04 2.79 2.82 2.79 2.75

10.9 11.9 111 112 19.2 17 12.3 12.4 12 11.4

2.81 3.11 30.6 30 4.23 4.12 3.28 3.28 3.22 2.72

0.787 0.83 9.77 9.63 1.02 0.979 0.887 0.861 0.872 0.756

3.16 3.25 34.5 33.7 4.33 4.5 3.79 3.8 3.67 2.8

0.538 0.558 5.78 5.78 0.691 0.783 0.613 0.625 0.618 0.46

3.43 3.42 35.3 34.7 4.4 5 4.01 4.09 4 2.96

0.762 0.744 7.25 7.22 0.919 1.14 0.888 0.897 0.873 0.635

2.24 2.14 20.5 19.7 2.71 3.49 2.61 2.69 2.57 1.93

2.14 2.03 17.9 17.2 2.59 3.28 2.44 2.47 2.43 1.83

0.331 0.314 2.78 2.69 0.398 0.555 0.378 0.391 0.378 0.285

2.44 2.44 2.26 2.21 3.31 3.38 2.71 2.73 2.7 2.29

0.148 0.157 0.185 0.185 0.222 0.247 0.166 0.167 0.167 0.155

6.69 6.88 5.16 5.16 6.64 7.15 7.93 7.92 8 6.37

3.97 4.17 3.32 3.24 5.82 6.79 4.06 4.18 4.12 4.87

1.06 1.1 0.936 0.884 1.52 1.73 1.13 1.13 1.14 1.33

Jacob aérien

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U
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06MT62 06MT55 07MT88 06MT61 IAR 06MT57 07MT87 06MT58

14.514 14.470 14.527 14.507 14.533 14.497 14.480 14.496

-61.069 -61.055 -61.088 -61.062 -61.067 -61.086 -61.071 -61.087

447 102 44 375 34 226 32

2358±34 1332±30 1300 1175±20 640 617±52 600 400

55.1 59.85 61.9 54.4 47.70 59.5 59 56.4

0.73 0.54 0.5 0.55 0.75 0.48 0.59 0.54

18.35 17.25 17.2 15.3 15.50 17.1 17.6 16

8.8 6.84 6.95 8.3 9.65 6.02 7.18 6.95

0.18 0.14 0.18 0.17 0.16 0.16 0.22 0.15

3.79 3.02 1.84 7.9 12.40 3.46 2.42 6.03

7.88 6.89 6.6 9.8 11.15 7.5 7.89 9.65

2.73 3.28 3.27 2.34 2.03 2.99 3.08 2.67

0.75 0.87 1.03 0.64 0.29 0.91 0.74 0.77

0.15 0.14 0.12 0.11 0.07 0.07 0.13 0.09

1.34 1.19 0.59 0.1 -0.01 1.46 1.15 0.61

99.8 100.01 100.18 99.61 99.69 99.65 100 99.86

06MT55 06MT61 IAR

Dup Dup Dup

247 281 291 264 445 460 178 184 307 253 421

25 17.5 17.5 9 33.5 33.5 54 54 18 14.5 43

170 143 143 55 197 197 315 315 139 145 256

7 56 56 3 346 346 875 875 66 13.5 202

21 16 16 10 33 33 47 47 16 15 24

6.5 16 16 2.5 67 67 255 255 21 6.5 42

13.4 10.4 10.6 20.6 6.95 7.29 4.69 4.83 11.8 14.8 9.44

20.2 22.2 22.6 30.2 13.7 13.7 3.93 3.92 24.4 19.6 17.6

122 33.6 33.6 26.6 25.1 25.4 21.4 21.9 18.6 24.9 17.6

93 95.6 95.6 89.1 55.4 57.1 36.2 34.6 54 74.4 49.2

3.29 2.34 2.31 2.81 1.26 1.3 0.613 0.583 2.2 3.01 1.29

0.402 0.91 0.879 0.685 0.503 0.504 0.148 0.147 1.17 0.317 0.843

135 205 206 190 129 127 56.9 58.7 207 183 168

23.2 8.72 8.68 12 5.7 5.59 2.450 2.49 7.9 8.38 4.65

24.4 19.7 19.6 25.4 11.7 11.8 5.85 5.64 16.7 17.7 10.2

7.67 2.76 2.76 3.92 1.65 1.65 1.04 1.08 2.17 2.64 1.52

36.3 12.3 12.4 16.9 7.82 7.74 5.50 5.74 9.2 11.3 6.77

10.3 3.35 3.37 4.11 2.19 2.21 1.90 1.93 2.2 2.9 1.9

3.92 1.02 1.01 1.21 0.757 0.745 0.695 0.708 0.736 0.91 0.643

13.8 3.91 3.87 4.25 2.63 2.58 2.66 2.66 2.29 3.24 2.24

2.3 0.67 0.664 0.663 0.446 0.437 0.470 0.456 0.398 0.524 0.382

14.5 4.28 4.29 4.14 2.9 2.89 3.05 3.16 2.53 3.41 2.52

3.25 0.975 0.973 0.883 0.664 0.647 0.692 0.701 0.557 0.775 0.554

9.56 2.9 2.93 2.57 2 1.97 2.03 2.09 1.72 2.34 1.66

8.37 2.94 2.92 2.57 1.86 1.84 1.82 1.91 1.75 2.4 1.64

1.43 0.466 0.473 0.414 0.309 0.301 0.287 0.288 0.285 0.384 0.26

2.25 2.35 2.26 2.41 1.43 1.43 1.04 1.03 1.59 2.05 1.38

0.205 0.153 0.152 0.218 0.079 0.0832 0.0461 0.0432 0.164 0.229 0.0951

3.44 4.39 4.53 3.7 3.88 3.93 1.34 1.41 4.21 3.56 5.62

1.63 1.94 1.96 2.73 0.852 0.89 0.269 0.259 1.88 1.63 1.15

0.42 0.554 0.561 0.62 0.329 0.346 0.0905 0.0934 0.519 0.41 0.512

Trois Ilets

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U
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06MT59 06MT56 07MT77 06MT36 06MT21 06MT06 07MT123

14.466 14.462 14.535 14.668 14.747 14.735 14.676

-61.052 -61.048 -60.986 -61.083 -61.124 -61.102 -61.107

250 31 25 550 473 546

346±27 340 340 998±14 893±13 770±11 603±11

58.6 58.2 61.8 63.00 63.45 59.80 58.6

0.53 0.56 0.52 0.55 0.49 0.48 0.72

17.4 17.7 17.9 16.90 16.65 17.70 16.8

6.15 6.68 4.53 5.98 6.18 6.72 6.84

0.15 0.15 0.08 0.12 0.12 0.13 0.13

4.07 3.98 1.68 2.01 1.90 2.42 3.3

7.91 8.65 6.5 5.38 5.68 6.04 7.07

3.12 3.09 2.66 2.91 3.11 2.92 2.18

0.86 0.84 1.38 1.47 1.33 1.10 0.99

0.09 0.11 0.11 0.12 0.13 0.12 0.14

0.67 0.27 2.6 1.55 0.92 2.61 2.64

99.55 100.23 99.76 99.99 99.96 100.04 99.41

06MT56 07MT123 07MT123 07MT123

Dup Dup Ter Qua

390 430 435 221 238 247 263 242 250 247 243

29.5 32 32 17 11.4 11 12.5 17.5 17.5 17.5 17.5

216 233 233 79 67 72 91 107 107 107 107

62 39 39 7 6 4 5 74 74 74 74

19 19 19 10.5 11 11 14 13 13 13 13

26 18 18 4 3 3 4.5 5 5 5 5

11.7 13.7 13.8 12.3 38.4 36.5 29.3 22.4 22.6 22.6 22.8

19.4 16.3 16.8 74.8 61.7 51.9 43.6 34.8 34.9 34.4 35.0

18.8 20.4 20.9 24.9 18.3 18.1 16 72.3 70.9 70.2 72.6

67.5 55.7 57.8 56.8 37.2 60 52.1 83.2 78 77.3 83.6

1.78 1.63 1.67 5.69 6.53 4.2 3 7.48 7.46 7.42 7.51

1.02 0.65 0.649 4.63 2.67 2.19 1.87 0.435 0.442 0.433 0.428

175 170 168 421 349 306 249 282 289 280 282

6.47 6.8 6.71 26.9 21.2 17.1 12.5 23.5 24 23.6 23.5

14.1 13.8 14 50 38.1 31 24.4 38.3 37 36.7 37.9

2.01 2.2 2.22 6.19 4.75 3.92 2.94 5.35 5.54 5.49 5.38

8.81 9.8 9.77 22.7 18.6 14.8 11.6 21.6 22.4 21.9 21.7

2.23 2.58 2.64 4.41 3.75 3.07 2.47 4.71 4.89 4.72 4.71

0.7 0.758 0.774 1.11 1.03 0.934 0.811 1.35 1.38 1.36 1.35

2.47 2.8 2.79 4.09 3.4 2.96 2.33 6.33 6.47 6.3 6.24

0.413 0.476 0.47 0.647 0.507 0.46 0.376 0.918 0.944 0.925 0.913

2.6 3.12 3.14 3.92 2.76 2.67 2.27 5.61 5.69 5.62 5.53

0.567 0.683 0.689 0.807 0.524 0.574 0.486 1.29 1.34 1.3 1.28

1.73 1.98 2.01 2.33 1.37 1.62 1.41 3.5 3.65 3.52 3.48

1.75 1.96 1.91 2.23 1.23 1.59 1.42 1.96 2.05 1.96 1.94

0.282 0.303 0.317 0.342 0.178 0.255 0.245 0.307 0.319 0.309 0.3

1.67 1.6 1.63 1.86 1.23 1.76 1.46 2.16 2.19 2.15 2.13

0.123 0.117 0.125 0.475 0.447 0.326 0.227 0.524 0.525 0.517 0.516

4.29 4.96 5.06 11.3 8.82 8.53 6.1 6.32 6.39 6.12 6.19

1.59 1.57 1.53 10.1 6.46 5.93 4.21 6.03 6.12 6.04 6.01

0.481 0.474 0.446 2.23 1.3 1.36 0.997 1.14 1.13 1.15 1.13

Trois Ilets Carbet

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U

Tableau 1 (suite)�



������������	
��	������������

268

04MT07 07MT122 ALMA 04MT02 06MT37 07MT102 07MT119 07MT121

14.725 14.724 14.700 14.713 14.675 14.717 14.705 14.715

-61.115 -61.105 -61.103 -61.122 -61.085 -61.148 -61.123 -61.099

498 460 280

341±5 340 338±5 336±5 322±9 320 320 332±5

58.80 61.6 59.00 59.00 55.90 61 61.1 61.5

0.51 0.47 0.52 0.52 0.54 0.49 0.51 0.49

17.60 16.6 17.75 17.80 18.45 17.3 17.2 16.6

7.00 5.95 6.85 6.75 7.42 6.32 6.33 6.39

0.15 0.11 0.15 0.15 0.16 0.14 0.14 0.14

3.69 1.96 3.54 3.18 4.36 2.42 2.47 2.69

8.01 6.2 7.65 7.15 8.48 6.53 6.68 6.98

2.72 2.82 2.65 2.73 2.53 2.88 2.85 2.62

1.07 1.18 1.01 1.08 0.74 1.11 1.16 1.06

0.12 0.12 0.12 0.13 0.10 0.13 0.12 0.13

0.46 2.68 0.81 1.52 1.12 1.65 0.92 0.7

100.13 99.69 100.05 100.01 99.80 99.97 99.48 99.3

04MT07 04MT07

Dup Ter

334 346 344 270 343 327 357 310 299 324

24 24 24 12 23.5 19 25.5 16 14.5 16.5

152 152 152 78 160 140 170 114 97 120

54 54 54 5 47 27 85 29 10 21

17.5 17.5 17.5 12 18 17 20.5 13.5 13 15.5

10 10 10 4 10 8 20 10 5.5 7.5

27.3 28.8 28.4 21.5 29.8 32.7 19.9 35.1 36.3 32.1

38.7 40.2 40.3 41.6 38.2 40.5 20.8 42.5 45 41

15.9 16.5 16.5 14.9 14.9 16.4 20.3 16 15.7 14.7

48.1 48.6 47.8 53.2 45.1 43.5 55.6 58.5 42 38.5

3.1 3.22 3.24 4.24 3.08 3.33 2.57 3.46 3.93 3.08

1.45 1.48 1.45 2.02 1.62 1.68 1.32 1.6 1.96 1.45

262 277 271 280 255 278 206 286 273 271

14.6 15.7 15.3 13.5 12.5 14.4 12 14.9 14.8 13.5

27.5 28.6 28.4 27.7 26.2 28.3 21.7 30 29.5 27.6

3.39 3.46 3.47 3.35 3.09 3.5 2.96 3.71 3.65 3.35

13.2 13.3 13.7 12.7 12 13.4 12.2 14.3 14.2 12.7

2.74 2.74 2.73 2.68 2.53 2.82 2.8 2.99 2.92 2.65

0.824 0.836 0.832 0.825 0.801 0.828 0.896 0.86 0.852 0.804

2.65 2.7 2.6 2.55 2.36 2.59 2.86 2.74 2.7 2.45

0.407 0.408 0.407 0.393 0.374 0.406 0.455 0.415 0.416 0.378

2.38 2.48 2.42 2.29 2.29 2.39 2.9 2.42 2.49 2.27

0.508 0.511 0.504 0.467 0.482 0.501 0.608 0.493 0.499 0.461

1.47 1.49 1.47 1.34 1.4 1.44 1.79 1.42 1.4 1.34

1.4 1.4 1.39 1.29 1.34 1.38 1.71 1.32 1.32 1.29

0.223 0.218 0.226 0.207 0.214 0.222 0.269 0.209 0.214 0.202

1.39 1.32 1.31 1.6 1.24 1.2 1.49 1.64 1.36 1.13

0.219 0.216 0.22 0.312 0.203 0.223 0.174 0.241 0.304 0.219

7.04 6.9 6.8 7.77 6.95 7.59 6.11 6.74 7.26 7.53

4.31 4.28 4.34 5.01 4.01 4.49 3.08 4.92 5.13 4.54

1.05 1.05 1.07 1.12 0.955 1.1 0.729 1.18 1.2 1.08

Carbet

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr
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V

Cr

Co

Ni
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Y

Zr

Nb
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Ba

La

Ce

Pr

Nd
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Tb
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U
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06MT28 06MT27 06MT42a 06MT42b 06MT41 06MT43 06MT18 06MT44 06MT48

14.872 14.870 14.857 14.859 14.855 14.860 14.837 14.844 14.849

-61.182 -61.183 -61.194 -61.194 -61.195 -61.194 -61.218 -61.213 -61.208

47 80 340 95 90 120

543±8 540 384±6 384 380 380 346±4 340 207±2

58.50 61.80 59 58.40 60.20 59.60 58.40 59.85 62

0.57 0.51 0.54 0.55 0.52 0.54 0.56 0.41 0.45

18.00 17.80 18.05 17.90 17.70 17.58 18.00 16.6 17.25

7.17 6.64 7.2 7.45 7.00 7.15 7.38 5.84 6.35

0.16 0.14 0.16 0.16 0.13 0.18 0.18 0.16 0.16

2.58 1.90 2.61 2.68 1.91 2.09 2.78 1.89 2.14

7.15 6.20 7.25 7.44 6.76 6.70 7.52 6.62 6.15

3.22 3.54 3.26 3.20 3.32 3.31 3.26 3.24 3.44

0.95 0.90 0.77 0.77 0.97 0.99 0.73 0.9 1.07

0.13 0.15 0.16 0.16 0.16 0.13 0.15 0.17 0.13

1.20 0.15 1 1.21 1.46 1.88 1.03 4.35 0.52

99.63 99.73 100 99.92 100.13 100.15 99.99 100.03 99.66

06MT18 06MT18

Dup Ter

320 322 333 333 331 299 323 341 330 303 295

14.5 12.5 15 15.6 15 12.5 15.8 15.8 15.8 10 12.5

135 100 122 125 107 113 133 133 133 74 91

4 5 6 6 6.5 4 7 7 7 7.5 4.5

15 12 15 16 14.5 15.5 17 17 17 10 13.5

4 4 4.5 5.5 5 3.5 6 6 6 4 4

13.3 15.7 9.36 10.6 12.6 10.7 8.75 8.5 8.69 17.1 21.8

27.4 16.1 17.5 20.1 24.2 28.8 30.7 31.3 30.6 25.3 26

20.3 19.8 19.1 21.7 21.4 22.4 20.2 20.9 20.3 18.8 19.3

62.9 76 82.8 86.4 79.3 83 92 100 99.4 83.9 89.8

2.88 3.01 2.64 2.66 3.15 2.91 2.49 2.77 2.72 3.01 3.08

0.776 0.553 0.516 0.789 1.06 0.499 7.25 7.22 7.18 0.444 0.326

177 197 142 144 180 182 167 170 169 173 217

10.2 12.6 9.62 9.65 11 11.6 9.56 9.89 10.2 10.5 10.9

21.9 23.4 20.2 20.3 23.5 24 20 21.7 21.5 23.1 22.8

2.84 3.22 2.58 2.68 2.95 3.3 2.77 2.77 2.7 2.93 2.77

11.5 13.3 11.2 11.6 12.8 13.8 11.8 11.6 11.7 11.5 11.4

2.66 3.03 2.6 2.68 2.92 3.21 2.7 2.75 2.8 2.56 2.51

0.878 0.982 0.894 0.926 0.974 0.982 0.922 0.904 0.939 0.865 0.836

2.7 3.05 2.68 2.84 2.97 3.25 2.86 2.81 2.82 2.45 2.5

0.446 0.465 0.442 0.47 0.475 0.53 0.453 0.453 0.466 0.404 0.412

2.81 2.95 2.81 3 3.1 3.42 2.96 2.97 2.99 2.5 2.63

0.6 0.594 0.612 0.644 0.679 0.734 0.651 0.636 0.656 0.553 0.569

1.86 1.8 1.8 1.96 2.03 2.22 1.96 1.95 1.98 1.69 1.68

1.91 1.79 1.91 2 2.06 2.26 2.02 2 2.07 1.77 1.78

0.308 0.271 0.319 0.336 0.328 0.366 0.337 0.33 0.329 0.292 0.303

1.68 1.86 2.01 2.02 2.05 2.07 2.35 2.32 2.4 2.02 2.21

0.193 0.21 0.176 0.174 0.206 0.194 0.179 0.181 0.182 0.194 0.211

3.93 4.36 3.88 3.99 5.34 3.36 4.2 4.11 4.15 4.49 4.98

2.8 3.04 2.05 2.12 2.14 2.88 2.24 2.24 2.23 2.66 2.97

0.7 0.675 0.541 0.557 0.601 0.677 0.557 0.566 0.554 0.618 0.731

Conil

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm
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Ni
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06MT45 06MT47 06MT46 06MT40 06MT52 06MT5106MT50

14.850 14.851 14.851 14.849 14.807 14.81214.811

-61.211 -61.206 -61.205 -61.198 -61.155 -61.165-61.167

245 95 95 155

207 207±3 200 189±3 15 1.9291.902

62.50 61.3 56.40 60.00 61.4 62.762

0.43 0.47 0.56 0.50 0.44 0.420.44

17.05 17.3 17.65 17.90 17.4 17.3517.3

6.22 6.65 7.69 6.89 7.02 6.56.71

0.15 0.16 0.18 0.17 0.2 0.170.18

2.05 2.08 3.02 2.49 2.3 2.092.27

5.65 6.29 7.18 6.80 6.03 6.096.22

3.46 3.28 3.09 3.33 3.6 3.633.51

1.14 1.09 0.84 0.85 0.92 1.010.98

0.12 0.13 0.14 0.12 0.18 0.160.16

1.02 1.35 3.17 0.82 0.46 -0.020.23

99.79 100.1 99.92 99.87 99.95 100.1100

06MT45 06MT46 06MT40

Dup Dup Dup

277 282 287 313 313 304 291 301 285282

12 12 14 16.5 16.5 14.5 14.5 11.4 11.512.5

88 88 103 136 136 126 126 67 6977

4 4 5 4 4 6.5 6.5 3 3.54

13 13 14 18 18 16 16 12 1212

3.5 3.5 4.5 6 6 5 5 2 2.53.5

25.5 23.8 16 9.05 9.17 15.5 14.7 17.4 25.524.4

30.1 31.1 27.5 21.2 20.6 10.8 10.4 23.3 27.627.3

16.6 17.4 22.7 20.5 20.2 25.4 24 24 21.721.6

69.7 69.1 88.6 96.9 95 82 75.8 115 110108

3.07 3.14 2.99 2.71 2.74 2.86 2.49 3.42 3.113.09

0.59 0.61 0.669 0.811 0.798 0.0884 0.0882 0.882 1.061.41

232 234 218 150 151 209 203 215 211224

11.6 11.6 12.3 9.37 9.39 11.3 10.6 11.6 1110.9

23 23.6 22.7 20.8 21.5 22 20.7 25.5 24.224.1

3.01 3.04 3.46 2.58 2.6 2.75 2.73 3.26 3.073.08

12.2 12.3 14.9 11.1 11 11.2 10.9 13.8 12.912.8

2.59 2.66 3.4 2.61 2.68 2.52 2.48 3.18 2.923.01

0.856 0.916 1.01 0.868 0.851 0.869 0.831 0.979 0.910.937

2.59 2.53 3.32 2.66 2.72 2.65 2.67 3.11 2.922.92

0.404 0.406 0.547 0.454 0.452 0.441 0.426 0.521 0.4930.496

2.44 2.45 3.25 2.87 2.82 2.78 2.8 3.26 3.073.1

0.546 0.527 0.701 0.621 0.634 0.618 0.621 0.727 0.6590.667

1.53 1.54 2.08 1.91 1.91 1.93 1.92 2.18 1.982.03

1.63 1.66 2.14 1.99 1.91 1.94 1.92 2.24 2.062.12

0.258 0.252 0.346 0.327 0.33 0.326 0.325 0.369 0.3370.352

1.79 1.88 2.23 2.22 2.23 2.16 2.11 2.77 2.62.67

0.228 0.224 0.205 0.184 0.18 0.205 0.194 0.222 0.2130.208

5.15 5.23 4.5 4.1 4.12 5.04 5.24 4.72 4.785.57

2.92 2.96 2.82 2.08 2.1 2.75 2.79 2.59 2.82.76

0.624 0.642 0.683 0.549 0.541 0.195 0.187 0.703 0.7740.756

PeléeConil

Echantillons

Latitude

Longitude

Altitude (m)

Age en ka

%

SiO2

TiO2

Al2O3

Fe2O3

MnO

MgO

CaO

Na2O

K2O

P2O5

LOI

Total

ppm

Sr

Sc

V

Cr

Co

Ni

Li

Rb

Y

Zr

Nb

Cs

Ba

La

Ce

Pr

Nd

Sm

Eu

Gd

Tb

Dy

Ho

Er

Yb

Lu

Hf

Ta

Pb

Th

U

Tableau 1 (suite)�
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Abstract 

The present study investigates the timing of emplacement of the oldest volcanic units 

from Martinique Island in order to constrain the earliest activity of the Older Lesser Antilles 

Arc, as recorded in this island. The Basal Complex was emplaced between 24.8 ± 0.4 and 

24.2 ± 0.4 Ma, and the Sainte Anne Series between 24.8 ± 0.4 and 20.8 ± 0.4 Ma, which, from 

biostratigraphic data, have been emplaced during Late Oligocene to the Early Miocene. Since 

lavas bracketing the Oligocene-Miocene boundary yield undistinguishable ages and have 

homogeneous geochemical features, we tentatively propose an age of 24.5 ± 0.3 Ma for this 

boundary. Although, it is older than the age of 23.03 Ma used in the last geologic time scale, 

it is compatible with the age of 24.0 ± 0.1 Ma (Wilson et al. 2002) derived from 
40

Ar/
39

Ar 

dating of tephra from Antarctica (McIntosh 2000). 

Keywords 

Lesser Antilles volcanism, Martinique Island, Oligocene-Miocene boundary, K-Ar dating 

Introduction 

Due to its particular location where the Older and Recent Lesser Antilles arcs diverge, 

Martinique Island displays the most diverse geologic history of the arc (Fig. 1). Although the 

island has been mapped in detail by Westercamp et al. (1989) and dated by whole-rock K-Ar 

and biostratigraphical methods (Andreieff et al. 1976, 1988; Bellon et al. 1974; Briden et al. 

1979; Coulon et al. 1991; Nagle et al. 1976), few absolute ages are available for the oldest 

volcanic deposits. Furthermore, recent geochronological studies on Basse Terre de 

Guadeloupe (Carlut et al. 2000; Samper et al. 2007), and in other Lesser Antilles Islands 
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(Harford et al. 2002; Samper et al. 2008), have shown large discrepancies, both regarding 

magnetic polarity and geological evolution, within the results published during the eighties 

(Bouysse et al. 1985; Briden et al. 1979; Gadalia et al. 1988), most probably due to the use of 

whole-rock K-Ar dating and/or analyses of weathered samples. Regarding the oldest volcanic 

units in Martinique Island, Westercamp et al. (1989) have rejected their own radiometric ages 

because of their inconsistency with the local biostratigraphy. Thus, the purpose of this paper 

is to provide a reliable time framework for the early volcanic activity in Martinique Island 

based on new K-Ar ages. 

Geologic setting of the Lesser Antilles Island arc 

Two hypotheses have been proposed for the origin of the Caribbean plate. The first 

hypothesis suggests for the Caribbean plate a Pacific origin over the Galapagos hot-spot 

between 91 and 73 Ma (Duncan et al. 1984; Pindell et al. 2001), while the second favours its 

formation between the two American plates over several spreading centres (James 2006; 

Meschede et al. 1998).  

The Lesser Antilles Island arc, which results from the westward subduction of the Atlantic 

plate under the Caribbean plate, has been active since the Early Eocene, based on fossil 

evidence (Nagle et al. 1976). Southward of Martinique Island, volcanic activity has been 

almost continuous along the same arc line from the Oligocene to the present. Consequently, 

the oldest deposits are buried under Plio-Pleistocene volcanics (Fig. 1) and thus do not 

outcrop. Northward from Martinique, the Lesser Antilles island arc is double (Fink 1972; 

Martin-Kaye 1969), with the outer older arc to the north-east and the inner active arc to the 

north-west. The north-eastern branch, the so-called Limestone Caribbees, consists of low-
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lying islands without recent volcanic centres (Fig. 1), but volcanism may have been active 

there from Oligocene to Miocene (Briden et al. 1979), with apparent decreasing ages from 

north to south. After several million years of repose, volcanism resumed westward along the 

recent arc (Fig. 1), which is still active today. 

The Limestone Caribbees 

 A limestone plateau that contains nannofossils of Pliocene age constitutes the islet of 

Sombrero (Bouysse et al. 1985; Fig. 1), whereas Dog islet’s basement is composed of altered 

volcanic deposits covered by Miocene limestones (Maury et al. 1990). On Anguilla Island (91 

km
2
), black shales of upper Paleocene age are overlain by middle Eocene volcaniclastics and 

limestones of middle Miocene age (Maury et al. 1990). The basement of Saint Martin (100 

km
2
) is composed of the Eocene Pointe Blanche formation, which is made of siliceous tuffs 

and calcareous intercalations (Maury et al. 1990). This formation has been intruded by 

basalts, andesites and quartz-diorites during the lower Oligocene (Nagle et al. 1976), and 

covered by limestones of upper Miocene age (Lowlands Formation; Maury et al. 1990). Saint 

Bartholomew (25 km
2
) is mainly composed of submarine volcanic products and calcareous 

horizons ascribed by Maury et al. (1990) to the middle Eocene, followed by a second volcanic 

cycle that may have occurred between 36 and 24 Ma (Briden et al. 1979; Maury et al. 1990; 

Nagle et al. 1976). Barbuda is a low-lying island (174 km
2
) composed of uplifted Pleistocene 

limestones (Maury et al. 1990). The volcanic basement of Antigua (280 km
2
), and the 

overlying unit made of volcanic conglomerates, have ages between 24 and 20 Ma with a 

surprisingly old age of 38 Ma (Briden et al. 1979; Nagle et al. 1976), but these former ages 

are suspect with respect to the uppermost limestones unit ascribed to the upper Oligocene (27 

– 23 Ma; Maury et al. 1990). The island of Grande Terre (650 km
2
) is completely buried by 
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limestones, lying uncomfortably on weathered volcanic deposits (Bouysse et al. 1984; Maury 

et al. 1990). This Plio-Pleistocene carbonate platform is the thickest (120 m) and the most 

complete sequence of the Lesser Antilles (Léticée et al. 2005). The island of Marie Galante 

(150 km
2
) is a limestone table of Plio-Pleistocene age, tilted to the southwest due to recent 

normal faulting (Feuillet et al. 2002), and La Désirade (30 km
2
) has an igneous basement of 

Eocene age, capped by Pliocene limestones (Maury et al. 1990).  

Martinique Island 

 The eastern (La Caravelle) and south-eastern (Sainte Anne) peninsulas of Martinique 

Island (Fig. 1) are remnants of the Basal Complex (BC) and Sainte Anne Series (SAS) 

volcanic units (Fig.  2), of Oligocene and Miocene ages, respectively (Andreieff et al. 1988; 

Grunevald 1965; Westercamp 1972; Westercamp et al. 1980, 1989). These lava flows and 

volcanic centres, interbedded with sedimentary deposits, were emplaced during the activity of 

the Older Arc. In order to propose a chronology for these deposits, Andreieff et al. (1988) 

used the biostratigraphic timescale of Berggren et al. (1985), which is based on the 

recognition of fossils determined in the Caribbean area.  

A small bioclastic limestone deposit (referred as “g3” by Westercamp et al., 1989, Fig. 

2a) located at the western end of La Caravelle peninsula directly overlays the Basal Complex 

at Morne Castagne. It has been determined as Late Chattian (Shallow Benthic zone SBZ23), 

in Late Oligocene, due to the presence of benthic foraminifera (Miogypsinoides complanatus 

and Miogypsina panamensis; Andreieff et al. 1988; Westercamp et al. 1989). Then, reef 

limestones (referred as “m1a” by Westercamp et al., 1989) with Miogypsina panamensis, 

Cyphus, Heterostegina antillea and Lepidocyclina canellei have been deposited during the 
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Early Aquitanian, and are characterized by the absence of Miogypsinoides (Andreieff et al. 

1988). These 50 m thick limestones outcrop directly over the BC at Pointe la Table (La 

Caravelle peninsula; Fig. 2A), and between the town Le Marin and Macabou (Sainte Anne 

Peninsula; Fig. 2B). Their similarity with “g3” limestones could indicate a continuous 

deposition during a maximum of 1 Myr across the Oligocene-Miocene boundary 

(Westercamp et al. 1989). In continuity with the “m1a” limestones, the limestones “m1b” 

record the unrest of volcanic activity with the deposition of volcanic ash and debris into 

deposit areas located to the north of Sainte Anne peninsula, between Le Marin and Macabou. 

Their lower part, called Macabou’s tuffites, contain some benthic (L. canelli, M. panamensis, 

H. antillea, “Operculinoides” panamensis, Spiroclypeus bullrooki) and planctonic 

(Globorotalia kugleri, G. mayeri, Globigerinoides primordius, G. immaturus) foraminifera, 

which yield an Aquitanian age (upper Zone N4, Westercamp et al. 1989). A stratigraphic 

section at Morne Carrière (Fig.2B) shows that these tuffites are overlain by limestones, also 

referred as “m1b”, which are characterized by the same fauna, except the extinction of 

Spiroclypeus, the appearance of Lepidocclina undosa, and the presence of evolved 

Miogypsines (Westercamp et al. 1989). This stage “m1b” is accompanied by the eruption of 

Sainte Anne Series products, which starts with subaquatic basaltic tuff, followed by the 

emplacement of small basaltic to andesitic strombolian cones and lava flows, and which ends 

with dacitic intrusions (Westercamp et al. 1989). Finally, reef limestones (referred as “m1c” 

by Westercamp et al. 1989) overlie Morne Carrière limestones “m1b” and SAS products to 

the south of the city of Sainte Anne (Fig.2B). These “m1c” limestones do not have 

volcaniclastic debris, but contain a poor fauna, with some fragments of Miogypsina Antillea, 

Archaias angulatus, Miosorites americanus, Globigerinoides gr. Trilobus, “Operculinoides” 

cojimarensis, Globigerinoides bisphaericus and Globoquadrina altispira. This association of 
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foraminifera with the Zone N7-N8 (Globigerinatella insieta) allowed Westercamp et al. 

(1989) to propose a Burdigalian age for the end of the SAS activity.  

Due to the weathering of volcanic deposits and the use of whole-rock material, no 

reliable radiometric age was previously available for BC and SAS lavas (Andreieff et al. 

1988; Westercamp et al. 1989). Furthermore, the few radiometric ages obtained were in 

disagreement with biostratigraphic subdivisions based on the recovery of foraminifera, and 

were thus rejected by their authors (Westercamp et al. 1989). But, since the Oligocene and 

Aquitanian limestones overlie Basal Complex, and, since Sainte Anne Series volcanics 

outcrops as interbedded within Aquitanian and Burdigalian sedimentary deposits (“m1a-

m1b”; Andreieff et al. 1988; Westercamp et al. 1989; Fig. 2), these authors attributed a Late 

Oligocene age to the BC, and a Late Aquitanian age to the SAS.  

Material and method 

Sampling 

The Basal Complex (BC) and Sainte Anne series (SAS) volcanic deposits cover a total 

area of 61 km
2
 on both La Caravelle and Sainte Anne peninsulas (Fig. 2a and b). Three 

samples were collected within the products of the BC (samples 07MT113 and 07MT115 on 

La Caravelle, and 07MT82 on Sainte Anne peninsula; squares in Fig.  2), and eleven within 

those of the SAS (samples 06MT53, 06MT54 and 07MT114 on Caravelle; samples 06MT66, 

06MT67, 06MT68, 07MT78, 07MT79, 07MT80, 07MT81 and 07MT83 on Sainte Anne 

peninsula; circles in Fig.  2). These units are mainly composed of massive prismatic lava 

flows and small strombolian cones.  
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Geochronology: K-Ar dating 

In order to provide reliable radiometric ages, hand-size samples without any trace of 

weathering were selected for unspiked K-Ar dating based on the Cassignol-Gillot technique, 

which is fully described elsewhere (Cassignol et al. 1982; Gillot et al. 1986). K and Ar were 

measured separately on the microcrystalline groundmass within the 125-250 µm size fraction, 

following the removal of phenocrysts using heavy liquids of appropriate densities and a 

Frantz magnetic separator. The determination of K was carried out by flame emission 

spectrometry with a relative uncertainty of 1%, and compared with reference material (Gillot 

et al. 1992). Isotopic analyses of argon were made using a multi-collector 180° sector mass 

spectrometer similar to the one described in Gillot and Cornette (1986), or using a VG 

quadrupole mass spectrometer (Rouchon et al. 2008). Both instruments yield identical results, 

as shown by duplicate analyses from Central Martinique (Germa 2008), as well as by age 

standards measurements (Rouchon et al. 2008). Both K and Ar were duplicated. The argon 

signal calibration was performed using the GL-O standard with its recommended value of 

6.679 x 10
14

 atom/g of radiogenic 
40

Ar, which is equivalent to an age of 95.0 Ma (Odin et al. 

1982). The Cassignol-Gillot technique has been successfully applied to calco-alcaline lavas 

from the Lesser Antilles arc (Carlut et al. 2000; Samper et al. 2007, 2008), and to a wide 

range of Plio-Pleistocene lava flows to date paleomagnetic reversals and excursions 

(Quidelleur et al. 1999, 2002, 2003), and to reconstruct volcanic island evolutions (e.g., 

Tahiti; Hildenbrand et al. 2004). In addition, this technique has also been shown to be a 

powerful tool to constrain the stage durations of the lower Cretaceous from comparison with 

the astronomical time scale (Fiet et al. 2006), as well as the timing of large igneous provinces, 

such as Deccan (Chenet et al. 2007) and Ethiopian trapps (Coulié et al. 2003). 



Annexe 5 : Datation de l’arc ancien et de la limite Oligocène - Miocène 

289

Results  

Petrology and Geochemistry 

 Petrological observations show that BC lavas are porphyritic, with 10 to 40 % vol. of 

medium sized crystals. Plagioclase is the main mineral, associated with clinopyroxene in a 

glassy groundmass containing plagioclase microliths. Lavas from SAS have a crystallinity 

ranging from 3 to 40 %. Grain size varies from a few microns to several millimetres, and 

mineralogical assemblage is principally made of plagioclase, clinopyroxene, orthopyroxene 

and rare serpentinized olivine within a glassy groundmass. 

 BC lavas have basaltic - andesites to andesites compositions with SiO2 ranging from 

52.9 to 60.8 wt%. Their alkaline contents are relatively low and uniform, from 3.62 to 3.97 

wt%. SAS lavas vary from basalts to rhyolites with SiO2 content ranging from 49.1 to 70.5 

wt%. Their alkaline contents are low compared to their silica content and range from 2.44 to 

6.74 wt%. BC and SAS lavas are part of the same fractionating trend (Fig. 3) and form a 

unique magmatic series of tholeiitic affinity, with FeO content increasing at the beginning of 

the differentiation.  

K-Ar ages 

For the BC, sample 07MT113 from La Pointe du Diable, on La Caravelle peninsula, yields 

an age of 24.2 ± 0.4 Ma, and, on the Sainte Anne peninsula, we have dated the sample 

07MT82 at 24.8 ± 0.4 Ma (Table 1, Fig. 2). 

Regarding the SAS, the two samples from the quarry “La Source”, near the city of Le 

Marin, on Sainte Anne peninsula, yield undistinguishable ages of 24.8 ± 0.4 and 24.4 ± 0.3 
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Ma (Table 1, Fig. 2B). Also from the Sainte Anne peninsula, sample 07MT80 from the 

prismatic lava flows at Trou Cadia yields an age of 23.3 ± 0.4 Ma, and a lava flow near Anse 

La Rose (07MT79) has been dated at 22.9 ± 0.3 Ma (Table 1, Fig. 2B). On La Caravelle 

peninsula, sample 06MT53 has been dated at 23.4 ± 0.3 Ma. Finally, we have dated the 

“Orgues de la Caravelle” site from La Caravelle peninsula (07MT114) at 20.8 ± 0.4 Ma 

(Table 1 and Fig. 2a). With these results, we thus constrain the volcanic activity of the SAS 

between 24.8 and 22.9 Ma on Sainte Anne peninsula, and between 23.4 and 20.8 Ma on La 

Caravelle peninsula, where only a few lava flows of this formation outcrop (Fig. 2a).  

Discussion  

Onset of the older arc activity in the Lesser Antilles 

Eight new radiochronologic ages and associated geochemical data on Martinique Island 

show that the earliest volcanic activity has been quite continuous on both southern and 

northern parts of the island. The continuous reef linking the two oldest peninsulas of 

Martinique, which is remnant of the old volcanic front now covered by later limestone 

deposits, extends northward, on the submarine blanks of the Limestone Caribbees. The few 

available ages from these islands are in conflict with biostratigraphical data (e.g., Antigua; 

Maury et al. 1990), or considered as erroneous due to hydrothermal weathering (e.g., St 

Martin; Maury et al. 1990). Our new ages show that volcanism has been active in the 25 to 20 

Ma time interval in Martinique (Table 1), and probably, within the whole older arc. This is in 

agreement with both main plate-tectonic models proposed for the Cenozoic history of the 

Caribbean plate (Meschede et al. 1998; Pindell et al. 2001), which suggest that the transition 

from the Aves Ridge to the Lesser Antilles magmatic arc activity occurred in the Eocene. 
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Only reef limestones of Burdigalian age (Early Miocene) are found in the oldest part of 

Martinique (Fig. 2), which is interpreted as evidence for the end of the older arc volcanic 

activity around 20 Ma, before it resumed westward at about 16 Ma (Germa 2008; Westercamp 

et al. 1989). These ages between 25 and 20 Ma obtained here from Martinique (Table 1) 

constrain the end of activity of the older arc and have broad consequences onto the 

geodynamic of the Caribbean Plate, more precisely on the migration from the older to the 

recent Lesser Antilles arc. The westward jump on the northern arc is supposed to have been 

triggered by the subduction of aseismic ridges, which flatten the slab (Bouysse et al. 1988; 

1990). Alternatively, it could be attributed to the fracturing of the upper plate, with normal 

faults organized in horsts and grabens perpendicular to the arc, due to arc-parallel extension. 

This extension results form oblique convergence between the Caribbean and North American 

plates (Feuillet et al. 2002). 

Insights on the Oligocene – Miocene boundary 

Our ages, between 24.8 and 20.8 Ma, together with the Late Chattian to Late Aquitanian 

biostratigraphic constraints available for this early volcanic activity in Martinique are in 

conflict with the age of the Oligocene-Miocene boundary (OMB) from the most recent 

geological time scale (GTS2004; Gradstein et al. 2004). However, there is an ongoing 

regarding the age of this boundary and significant differences up to 1 Ma still remain. The 

OMB, which also marks the base of the Neogene System and the transition from a globally 

warm to colder climate, coincides at the stratotype section at Lemme-Carrosio, in Italy, with 

the older end of Chron C6Cn.2n (Steininger et al. 1997). It has been constrained at 23.8 ± 1.0 

Ma from a dataset of nineteen K-Ar and one Rb-Sr ages from the Chattian, and five K-Ar 

ages from the Aquitanian Stages (Berggren et al. 1995; Harland et al. 1990). Although 
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associated with a rather large uncertainty, such age is used as the only tie point from early 

Oligocene to the mid Miocene interval (i.e., between 33.7 and 14.8 Ma) for calibration of the 

geomagnetic polarity time scale based on the seafloor-spreading model (Cande et al. 1992; 

1995). Recently, this age has been challenged by astronomically derived ages (Shackleton et 

al. 2000) from deep-sea sediments of DSPD Holes 522 and 522A from the South Atlantic 

Ocean, with a rather low sedimentation rate of (<0.5 cm/kyr; Hsü et al. 1982). Using stable 

carbon isotopes, paleomagnetic and nannofossil data, tuned to the astronomical solution La93 

(Laskar et al. 1993), these authors proposed a much younger age of 22.9 ± 0.1 Ma 

(Shackleton et al. 2000), which is now used in the GTS2004 (Gradstein et al. 2004). However, 

based on highly deposited sediments (>50 cm/kyr) and intercalated volcanic layers from CRP-

2/2A core from beneath the Ross Sea (Cape Robert, Antarctica), Wilson et al. (2002) 

proposed a revision of the OMB age at 24.0 ± 0.1 Ma. They support their age obtained from 

40
Ar/

39
Ar analyses of tephra horizons, 

87
Sr/

86
Sr ages, diatom and calcareous nannofossils 

biostratigraphy and magnetostratigraphy, by suggesting a mismatch of three 406 ky 

eccentricity cycles in the previous astronomically derived age. Furthermore, the weighted 

mean 
40

Ar/
39

Ar ages of 23.98 ± 0.13 Ma (n=19) and 24.22 ± 0.03 Ma (n=52) considered by 

Wilson et al. (2002) were obtained by McIntosh (2000) from single crystal laser fusion of 

sanidine phenocrysts from tephra layers and volcanic clasts. All ages were calibrated relative 

to Fish Canyon Tuff sanidine (FCTs) using an age of 27.84 Ma (Deino et al. 1990). Although 

the FCTs is intensively used as a neutron flux monitor for the 
40

Ar/
39

Ar dating techniques, 

large discrepancies remain regarding its absolute age in the geochronological community. The 

presently most widely used value is 28.02 ± 0.16 Ma (Renne et al. 1998), but ages from 27.56 

Ma (Lanphere et al. 2001) to 28.10 ± 0.04 Ma (Spell et al. 2003) have been proposed. 

Recently, Kuiper et al. (2008) revised the earlier astronomical calibration of FCTs (Renne et 

al. 1994) and assigned a new age significantly older of 28.20 ± 0.05 Ma. Such age proposed 
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for FCTs is 1.3% older than the one used by McIntosh (2000), thereby shifting the age of the 

OMB inferred by Wilson et al. (2002) at 24.3 Ma.

Since the geochemical signatures of both BC and SAS series do not show any major 

difference (Fig. 3), volcanic activity in Martinique was most probably continuous across the 

Chattian to Aquitanian interval. Therefore, we can extract interesting insights from our new 

age data from the BC and SAS regarding the timing of the OMB. Samples 07MT113 and 

07MT82 from the BC, which are the youngest expression of Oligocene volcanism in 

Martinique, yield a weighted mean (Taylor 1982) age of 24.50 ± 0.28 Ma. Samples 06MT66 

and 06MT67 from the SAS, attributed to the early Miocene from their intercalation within 

Aquitanian limestones (m1b), yield a weighted mean age of 24.54 ± 0.24 Ma. Since all these 

samples are undistinguishable at the 1-sigma level (Fig. 4), their weighted mean age of 24.52 

± 0.18 Ma provides our best analytical estimate for the OMB. In order to take into account the 

systematic uncertainty of about 1.4 % introduced by the argon and potassium calibrations 

(e.g., Gillot et al. 1986; Quidelleur et al. 2003), the age of the OMB derived from the early 

volcanic activity in Martinique is conservatively expressed at 24.5 ± 0.3 Ma.  

Sample 06MT66, the oldest sample from the Miocene, is the key sample here. Fortunately, 

it is also the best-constrained age from our study because both groundmass and plagioclase 

phases yield fully consistent ages despite potassium content varying by a factor of 5 (Table 1). 

This provides an internal test to support that K loss due to weathering and that excess argon 

carried by plagioclase phenocrysts, are not a concern here. The ages of 24.9 ± 0.4 and 24.8 ± 

0.4 Ma obtained for the groundmass, and 24.8 ± 0.4 Ma for plagioclase phase, yield a mean 

age of 24.8 ± 0.4 Ma (Table 1). An external test is provided by the agreement at the 1-sigma 

level with the age of 24.4 ± 0.3 Ma, obtained for 06MT67 (Table 1), sampled in the same 

quarry, but with clearly distinct petroglogical features. 

When a 2 sigma uncertainty is considered, our age of 24.5 ± 0.3 Ma for the OMB in 
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Martinique island is compatible with the poorly defined age of 23.8 ± 1.0 Ma proposed for 

this boundary by Berggren et al. (1995), as well as with the most recently published age of 

24.0 ± 0.1 Ma (Wilson et al. 2002). Furthermore, if a more realistic uncertainty of at least 1% 

is used for this latter age (Kuiper et al. 2008), or if is recalculated at 24.3 ± 0.1 Ma based on 

the newly proposed value for FCTs (Kuiper et al. 2008), it agrees with our new determination 

from Martinique at the 1-sigma level. On the other hand, our age is significantly older than 

the age obtained by astronomical calibration of South Atlantic Ocean deep-sea sediments 

(Shackleton et al. 2000). Because our age is obtained by a different approach and technique, 

we think that our new K-Ar data provides a strong support for an older age of the OMB. The 

discrepancy between our value and the age of Shakleton et al. (2000) could arise from 

eccentricity cycles mismatch as previously proposed (Wilson et al. 2002), and/or to the 

challenge of retrieving high resolution calibration in such a relatively low sedimentation rate 

environment. 

Finally, note that the calibration of our K-Ar ages was recently checked using analyses of 

the MMhb-1 standard, first proposed at 520.4 ± 1.7 Ma (Samson et al. 1987). We obtained an 

age of 525.0 ± 2.1 Ma (Fiet et al. 2006), which is undistinguishable from the age of 523.1 ± 

2.6 Ma proposed relative to 28.02 Ma for the FCTs standard (Renne et al. 1998), and, even, 

closer to the recalculated value of 526.5 Ma, if the newly proposed age of 28.20 Ma is 

considered for FCTs (Kuiper et al. 2008). 

Conclusions 

The K-Ar Cassignol-Gillot dating technique has been used on carefully separated 

groundmass from lava flows and domes from Martinique Island to better constrain the timing 

of the volcanic activity along the Older Lesser Antilles Island arc. We provide here the first 
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reliable radiometric ages from the Basal Complex and Sainte Anne Series units. Based on our 

dataset of eight new ages, the following interpretations arise. First, the activity of the old 

Lesser Antilles arc took place at least between 24.8 ± 0.3 to 20.8 ± 0.4 Ma, which yields a 

younger bound for the migration of the volcanic activity towards the younger, still active, 

Lesser Antilles arc. Second, our K-Ar ages show that these early lava flows and strombolian 

cones were emplaced from 24.8 ± 0.3 to 20.8 ± 0.4 Ma, i.e., from the Late Chattian 

(Oligocene) to the Late Aquitanian (Miocene), as previously inferred from field relationships 

between reefal limestones and volcanic products of the Basal Complex and the Sainte Anne 

Series (Andreieff et al. 1988; Westercamp et al. 1989). Moreover, the undistinguishable ages 

obtained here for the late Aquitanian and early Chattian lavas allow us to propose an age of 

24.5 ± 0.3 Ma for the Oligocene-Miocene boundary. Such age is significantly older than the 

age of 23.03 Ma used in the recent GTS2004 (Gradstein et al. 2004), but is compatible at the 

1-sigma-level with the more recent age of 24.0 ± 0.1 Ma (Wilson et al. 2002), although with a 

more reasonable uncertainty of 1% (i.e., 0.2 Ma) assigned to this value, or when it is shifted to 

24.3 ± 0.1 Ma based on the newly proposed age of 28.20 Ma for the 
40

Ar/
39

Ar standard FCTs 

(Kuiper et al. 2008). The discrepancy between the two previously published ages highlights 

the need for additional constraints, such as that from the present study, to better define the age 

of the transition from the Paleogene to Neogene period. 

Finally, we conclude that, when applied to carefully selected lavas, and on groundmass 

separated within a narrow density range, the K-Ar Cassignol-Gillot technique is a very 

powerful tool to reconstruct the past history of volcanic islands and to contribute to the 

calibration of the geologic time scale. 
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Figures and Table captions

Figure 1 :  (A) Map of the Lesser Antilles Island arc. Location of the Older volcanic arc is 

shown by the black dashed line, and the Active arc by the grey dashed line.  

 (B) Zoom on Martinique Island, French West Indies. The different main volcanic units 

are distinguished, and main volcanoes are indicated. Traces of Older and Active Arcs 

are shown, as well as the intermediate arc (Vauclin-Pitault chain).  

Figure 2 :  Location of samples from Basal Complex (black symbols) and Sainte Anne Series 

(white symbols) volcanic units within (A) La Caravelle (squares) and (B) Sainte Anne 

(circles) peninsulas. Big symbols correspond to dated samples with K-Ar ages 

obtained in this study. Non-dated samples are shown with smaller symbols and written 

in italic. 

Figure 3 :  TAS diagram of samples from Basal Complex from La Caravelle (open squares) 

and Saint Anne (open circles) peninsulas, and from Sainte Anne Series from La 

Caravelle peninsula (black squares) and from Sainte Anne peninsula (black circles). 

Data from Labanieh, thesis in progress. 

Figure 4 :  K-Ar ages with 1-sigma error bars of samples dated in this study for the Basal 

Complex and Sainte Anne Series versus the geologic time scale 2004 (Gradstein et al. 

2004) and the one from Berggren et al. (1995). Circles correspond to samples from 

Sainte Anne Peninsula, squares represent samples from La Caravelle peninsula, black 

symbols are for BC samples and white symbols for SAS samples. 
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Table 1 :  K-Ar ages obtained in this study on groundmass separates. Column headings 

indicate sample name, name of the site location, geographic coordinates (latitude and 

longitude) in degrees, the material molten (gms: groundmass, fdpr: feldspar), 

potassium concentration in percent, type of used spectrometer (QMS: quadrupole mass 

spectrometer, SMS: sector mass spectrometer, see text), concentration of radiogenic 

(*) 
40

Ar* in percent, number of atoms/g of radiogenic 
40

Ar*, age and one sigma (σ) 

uncertainty in Ma. For each sample, mean age and uncertainty, calculated by 

weighting each analysis with the amount of 
40

Ar* (%), are also indicated (in Ma). 
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Figure 1

Germa et al., 2009
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Figure 2

Germa et al., 2009
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Figure 4

Germa et al., 2009

0
7
M

T
1
1
4

0
7
M

T
7
9

0
6
M

T
6
7

0
6
M

T
6
6O

L
IG

O
C

E
N

E

C
h
a
tt
ia

n

M
IO

C
E

N
E

A
q
u
it
a
n
ia

n

0
6
M

T
5
3

0
7
M

T
8
0

Sainte Anne Series Basal Complex

21

22

23

24

25

26

21

22

23

24

25

26

GTS

2004

Berggren

et al, 1995

0
7
M

T
1
1
3

0
7
M

T
8
2

mean youngest 

Oligocene age: 

24.50 Ma

mean oldest 

Miocene age: 

24.54 Ma

O
L

IG
O

C
E

N
E

C
h
a
tt
ia

n

M
IO

C
E

N
E

A
q
u
it
a
n
ia

n

O
lig

o
c
e
n
e
-M

io
c
e
n
e
 t
ra

n
s
it
io

n
: 

2
4
.5

 ±
  
0
.3

 M
aA

g
e 

(M
a)

23.8

23.03



Annexe 5 : Datation de l’arc ancien et de la limite Oligocène - Miocène 

309

Sample Location Lat  

°N 

Lon °W Material K 

(%) 

Spectro-

meter 

40
Ar*

(%) 

40
Ar* 

(at/g) 

Age ± 1σ

(Ma) 

Mean age ± 1σ

(Ma) 

Basal Complex 

07MT113 Pte du Diable 14.779 60.888 gms 0.831 QMS 39.4 2.117E+13 24.2 ± 0.4

      QMS 42.0 2.104E+13 24.1 ± 0.4 24.2 ± 0.4 

          

07MT82 Montdésir 14.449 60.863 gms 0.488 QMS 22.5 1.307E+13 25.5 ± 0.4

  
  

  
QMS 

31.5 1.250E+13 24.4 ± 0.4 24.8 ± 0.4 

  
  

      

Sainte Anne Series 

07MT114 Pte Caracoli 14.760 60.873 gms 0.923 QMS 13.6 2.026E+13 20.9 ± 0.4

      QMS 13.1 2.014E+13 20.8 ± 0.4 20.8 ± 0.4 

          

07MT79 Anse La Rose 14.468 60.827 gms 0.852 QMS 28.6 2.044E+13 22.8 ± 0.4

      QMS 28.7 2.062E+15 23.0 ± 0.3 22.9 ± 0.3 

          

07MT80 Trou Cadia 14.467 60.818 gms 0.409 QMS 32.2 1.030E+13 24.0 ± 0.4

      QMS 41.6 9.808E+12 22.8 ± 0.4 23.3 ± 0.4 

          

06MT53 H° Balata 14.757 60.901 gms 0.653 SMS 46.5 1.612E+13 23.5 ± 0.3

      SMS 41.2 1.598E+13 23.3 ± 0.3 23.4 ± 0.3 

          

06MT67 La Source 14.474 60.859 gms 1.173 SMS 68.9 2.989E+13 24.2 ± 0.3

      SMS 64.7 3.038E+13 24.6 ± 0.4 24.4 ± 0.3 

          

06MT66 La Source 14.474 60.859 fdpr 0.212 SMS 73.1 5.543E+12 24.9 ± 0.4

    gms 1.166 SMS 82.9 3.052E+13 24.9 ± 0.4

      81.9 3.036E+13 24.8 ± 0.4 24.8 ± 0.4 

          

Table 1 

Germa et al. 2009 




