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Dans quels contextes geodynamiques
les chromitites proterozoiques
et leurs roches encaissantes serpentinisées se sont-elles formees ?

Mesh
Veines
Bastite

Togo
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* Ceinture orogénique panafricaine des Dahomeéyides
« Terrains déformés, métamorphisés, textures complexes, contexte géodynamique en discussion
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Precambrian Research 320 (2019) 261-280

Contents lists available at ScienceDirect

Precambrian Research

ELSEVIER

journal homepage: www.elsevier.com/locate/precamres

Transition from subduction to collision recorded in the Pan-African arc
complexes (Mali to Ghana) =

Stéphane Guillot™, Yao Agbossoumondéh, Jérome Bascou®, Julien Berger", Guillaume Duclaux®,
Nadége Hilairet', René-Pierre Ménot*, Stéphane Schwartz*

Available online at www.sciencedirect.com

“=.* ScienceDirect Precumbrion

Research

Precambrian Research 151 (2006) 101-118 ———————————
wwwelsevier.com/locate/precamres

The mafic layered complex of the Kabyé massif
(north Togo and north Benin): Evidence of a
Pan-African granulitic continental arc root

G. Duclaux®b* R.P. Ménot?, S. Guillot¢, Y. Agbossoumondéd, N. Hilairet®

Available online at www.sciencedirect.com

lel!ue!@nln!c'ro

Journal of African Earth Sciences 39 (2004) 201-208

soumat of African
Earth Sciences

www.elsevier.com/locate/jafrearsci

Geochemistry of high-pressure granulites from the Pan-African
Dahomeyide orogen, West Africa: constraints on the origin
and composition of the lower crust

Kodjopa Attoh ®*, Jennifer Morgan *®

Contrib Mineral Petrol (2011) 162:773-796
DOI 10.1007/500410-011-0624-5

ORIGINAL PAPER

Deep inside a neoproterozoic intra-oceanic arc: growth,
differentiation and exhumation of the Amalaoulaou complex
(Gourma, Mali)

Julien Berger « Renaud Caby - Jean-Paul Liégeois -
Jean-Claude C. Mercier - Daniel Demaiffe

Les archives geologlques pour en discuter
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Western African
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zones
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UM-M complexes abbreviations

SH : Shai Hills

AK : Akuse Massif

AG : Agou Massif

NO: Notsé Massif

LT : Lato eclogitic Massif
TT : Toutouto Hills

DJ : Djabatore Massif

KY : Kabyé Massif

DE : Derouvarou Massif
AM : Amalaoulaou Massif

Guillot et al., 2019
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Precambrian Research 320 (2019) 261-280

Contents lists available at ScienceDirect

Pétro-structural, géochimie, isotopie
(géochrologie, tracage)

Precambrian Research

journal homepage: www.elsevier.com/locate/precamres

Transition from subduction to collision recorded in the Pan-African arc
complexes (Mali to Ghana)

s

Stéphane Guillot™, Yao Agbossoumondéb, Jérdéme Bascou®, Julien Berger", Guillaume Duclaux®,

Nadége Hilairet', René-Pierre Ménot*, Stéphane Schwartz*

:.=_________________________»
Available online at www.sciencedirect.com _—

ScienceDirect Precambrian
Researth

['he mafic layered complex of the Kabyé massit

(north Togo and north Benin): Evidence ¢
Pan-African granulitic continental arc root Kabyé - Agou Kandi fault (7)
G.D R.P. M 5. G Y. A N. | 3) (4-5) E

X

Notsé (6) Savalou (8) Pehocou (9)
® @\7
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Geochemistry of high-pressure granulites from the Pan-African
Dahomeyide orogen, West Africa: constraints on the origin 30 kmy

ind composition of the lower ¢

Deep Inside a neoproterozoic intra-oceanic arc: growth,
differentiation and exhumation of the Amalaoulaou complex
Gourma, Mali



West African Exploration Initiative

!

Une application au Togo - Ghana

Precambrian Research 320 (2019) 261-280

Contents lists available at ScienceDirect

Precambrian Research

EI.SEVIER journal homepage: www.elsevier.com/locate/precamres

Transition from subduction to collision recorded in the Pan-African arc )
complexes (Mali to Ghana) ==
Stéphane Guillot™, Yao Agbossoumondéh, Jérome Bascou®, Julien Bergerd, Guillaume Duclaux®,

Nadeége Hilairet', René-Pierre Ménot", Stéphane Schwartz®
=

Available online at www.sciencedirect.com
ScienceDirect Precambrian
e RN Researth
ELSEVIER
The mafic layered complex of the Kabyé massit
(north Togo and north Benin): Evidence of a
Pan-African granulitic continental arc root
G. Duclaux®®* R.P. Ménot?, S. Guillot¢, Y. Agbossoumondéd, N. Hilairet

e
able online at www.sciencedirect.com

SCIENCE@DIHECT sournal of African

Earth Sciences

F 3 "
ELSEVIER

Geochemistry of high-pressure granulites from the Pan-African
Dahomeyide orogen, West Africa: constraints on the origin
and composition of the lower crust

Kodjopa Attoh Jennifer Morgan

Deep inside a neoproterozoic intra-oceanic arc: growth,
differentiation and exhumation of the Amalaoulaou complex
(Gourma, Mali)

Julien Berger « Renaud Caby « Jean-Paul Liégeois -

Jean-Claude C. Mercier - Daniel Demaifie
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Serpentine, Ghana Chromitite, Togo
1cm

Kerrich et al., 2005 o %y

Marcel Sogle, Directeur de la Direction Générale des Mines et de la Géologie
Dadga Egbam, Géologue DGMGService géologique du Togo

Aurélien Eglinger, Université de Lorraine - GeoRessources

Nicolas Thébaud, University of Western Australia - CET

Romain Deflin, Master Géologie exploration Sulfures
Bastien Zapp, Master Géologie exploration 2021 Chromitites
Yohann Kerreveur, Master Terres & Planétes 2022, les serpentinites
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Les chromitites < |ndicatrice de contextes géodynamiques spécifiques cr
& Résistante a la serpentinisation, altération, érosion...

|Hotspot| Oceanic basin Accretion prism |Fore—arc| \ |Island arcl Y Back-arc JMid-oceanridge|
N % A :

+5km

100 km <

T—1 300 °C isotherm

: Oceanic crust (gabbro,
basalt, serpentinite)

: Lithospheric mantle (harzburgite, peridotite)

The size scale of chromitites, dunites
and pyroxenites is exaggerated so
that the reader can see themon a

: Mantle motions in solid state Chr :Chromite lithospheric scale cross-section.

Modifié d’aprés Matveev et Balhaus, 2002 ; Naldrett, 2004 ; Zhang et al., 2016

: Melt / mush Px : Pyroxenite

[ ]
|:| : Asthenospheric mantle Dn : Dunite
[
—

Compilé par Zapp, 2021
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Comment déterminer le contexte géodynamique d’'une chromitite ?  Chromitites stratiformes

Niveau de
chromite

Niveau d’anorthosite

ection ENSG, UL

= En se basant
sur leur texture ...

5-8 km

5km ‘('.
y

. Péridorites

:Mantle
upwelling

- : Oceanic crust
- : Lithospheric mantle El‘-Dn : Dunite

[+ Asthenospheric mantle Y ) #=Px : Pyroxénite

aaaaaaaaaaaaaaaaaaaaaaaa

B : Melt/ mush X &=Chr: Chromite tlsotherme 1300°C

Modifié d’aprés Zhang et al., 2016 Modifié d’aprés France et Bouilhol (en préparation) Modifié d’aprés Naldrett, 2004 13
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Les archives geologiques a disposition == des chromitites + serpentinites

Niveau d'anorthosite

" Chromitites
stratiformes

Collection FST, UL Collection ENSG, UL

Dans la vraie vie...les chromitites sont souvent déformées, métamorphisées et alterées...
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Comment déterminer le contexte géodynamique d’une chromitite dans des terrains déformés,
métamorphisés et altérés ?

=> En couplant les études pétrostructurales
avec la géochimie

[ J
Hot spot Oceanic basin Accretion prism 2 Fore-arc Island arc Back-arc Mid-ocean ridge
2
«»n 30
[]
£ B
Q. s
5k 2 23 Podiform
m o
% - X chromitites
£ 20}
o
=
S
5 Pr Stratif
: Oceanic crust (gabbro, c - \ trati Orm
basalt, serpentinite) g 1oL . chromitites
© kY
- : Lithospheric mantle (harzburgite, peridotite) | \ E ----------------------------
ot ¥ sL
[ ] : Asthenospheric mantle Dn : Dunite ' S
The size scale of chromitites, dunites o]
- : Melt / mush Px : Pyroxenite and pyroxenites is exaggerated so o o0 L | L 1 L | 1
7 2021 that the reader can see them on a = 30 40 50 60 70
app - : Mantle motions in solid state Chr :Chromite lithospheric scale cross-section. Crzo3 concentration of chromium Spinelg (wt.%) 15

Modifié d’aprés Matveev et Balhaus, 2002 ; Naldrett, 2004 ; Zhang et al., 2016
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Les archives geologiques a disposition <= des chromitites + serpentinites
S b <o u _ M@ N 2 Vesh 2

Veines
! Bastite

@l En grain

...et les serpentinites enregistrent differentes generations de serpentine durant le cycle orogénique
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Buemaiom

GHV20A

L.O.I. (wt.%)

Deschamps et al., 2013
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Petro - Géochimie =

W

>

Macroscopie — Microsonde
section polie electronique
M I C ro S CO p I e O ptl q u e ID-sample  Location Lithology =~ Macroscopy Thinsection SEM pXRF Raman EPMA LA-ICP-MS C hl’ - Chl

GHV20A Ghana Serpentinite X X X
% GHV20A'  Ghana  Serpentinite X X X X X — Srp
MEB Tora Tow  Ambobe X X x
TG14b Togo Chromitite X X X X

v
Textures, paragenese, Type de chromitite/Serpentine LA-ICP-MS
r

altération (UXRF) Géochimie des chromite
REAY serpentine/chlorite

lProcessus pétrogénétiques

Environnement geodynamique
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Les archives geologiques a disposition <~ des chromitites + serpentinites

Buem (1) e GHV20A (Ghana)

Buem (1) e Buem (1) GHV20B (Ghana)

GHV20A' (Ghana) .

1cm
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Modifié d’apres Guillot et al., 2019

TG14b (Togo)




Une application au Togo - Ghana

e

' West African Exploration Initiative
‘ TN R
- , 3 ; i :

(GH
" ad

V208)

(GHV208B)

SEM HV: 15.0 kV .
‘WD: 15.00 mm
View field: 831 pm

SEM HV: 15.0 kV
WD: 15.00 mm
View field: 3.46 mm

SEM MAG: 80 x | VEGA3 TESCAN

Det: BSE 1mm
GHV20B_4

Det: BSE
GHV20B_12

GeoRessources - SCMEM

Zapp, 2021

SEM MAG: 333 x

VEGA3 TESCAN

GeoRessources - SCMEM

F20°N

TAOUDENI

O
Abidjan

I:I Paleozoic cover including
Upper Precambrian

Precambrian basement

D rejuvenated by the
Pan-African orogeny

- Precambrian basement

Hercynian belt
N (Mauritanides)
- Pharusian suture

Pan-African belt

Libreville &

[]
[

. . Pan-African
Post-Paleozoic units ’( thrist Facita

Early Jurassic
dolerites

/ Strike-slip faultg]




AN
k&%&%’f ‘
N W&g@g

o 1

(GHV20B)

SEM HV: 15.0 kV
WD: 15.00 mm
View field: 3.46 mm

SEM HV: 15.0 kV SEM MAG: 333 x | VEGA3 TESCAN

‘WD: 15.00 mm Det: BSE 200 uym
GeoRessources - SCMEM cw field: 8 HV20E

SEM MAG: 80 x VEGA3 TESCAN

Det: BSE 1mm

GHV20B_4 soRessources - SCMEM

Togo

>

Zapp, 2021

Une application au Togo - Ghana

TAOUDENI

I:l Paleozoic cover including
Upper Precambrian

Hercynian belt
(Mauritanides)
- Pharusian suture

Pan-African belt

Precambrian basement

[ ] rejuvenated by the
Pan-African orogeny

- Precambrian basement

v ¥ ARR TN
§ ‘!ér‘.ﬂ} A
m‘ "F’ il
F o S

SEM HV: 15.0 kV
WD: 15.00 mm
View field: 5.49 mm

SEM MAG: 50 x
Det: BSE
TG14b_7

NORTHERN TASSILIS

>
%&7 ¢
‘ &
SOouU HEBN TASSILIS

TCHAD

BASIN
DARFOUR

BENINO

/ &

IGERIAN) /< > :

'
Y HIELD

Cor /

Libreville .&
|:] Post-Paleozoic units { ;?3;’:‘:2332

i =< _/ Strike-siip faults

VEGA3 TESCAN

GeoRessources - SC




AlLO, concentration of chromium spinels (wt.%)

WAXI

West African Exploration Initiative

Une application au Togo - Ghana

Géochimie
v dela chromite !
35 =
- Modifié d’aprés Bonavia et al., 1993
30 |
25 - Podiform
- K chromitites
20 |-
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ol chromitites
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Les chromites disposent-elles
d’une géochimie fiable ?
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West African Exploration Initiative

Une application au Togo - Ghana
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Modifié d’aprés Dénmez et al., 2014 ; Arai et al., 2004
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that the reader can see them on a
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Modifié d’aprés Matveev et Balhaus, 2002 ; Naldrett, 2004 ; Zhang et al., 2016
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Les archives geologiques a disposition <= des chromitites + serpentinites
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Veines
! Bastite

@l En grain

...et les serpentinites enregistrent differentes generations de serpentine durant le cycle orogénique
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Geochemical Characteristics of
Serpentinites in Subduction Context

LREE
Eu B, Gl

# U S

Les serpentines
disposent-elles
d’une géochimie fiable ?
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Cceanic ithosphers

1. Abyssal Sempentinites:
- Medium Ti content (10-100 ppm)

- Relatively constant Yb conlent (0.005-0.05 ppm}

= FMQ 1o FMG-2

- Positive Eu anomally generally well-marked

- Chromian spinels: Cré<06, XMg=0.4
= W and Ph-rich

{Eventual)
Presence of
Serpentinites

Not fo scale

enrchmentirelertilization
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3. Mantle Wedge Serpentinites: z EEE———-Y
- Low to medium Ti content (5-30 ppm) -
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4. Fluids released — 30 35 40 45 50 55 60 65
from Serpentinifes:
-FMErich S10, (wt.%)
- High BiLa, B/Mb, B/Th,
WTh. 5biCa. SrNd
2. Subducted Serpentinites: - "B-rich
- High Ti content (30-500 ppm)
= Enriched Yb content (0.02->1 ppm)
- Low LOL 1
- FMC-1, FMO-2
- Chromian spinels: Cr<0,8, XMg=0.4
= Nearly flat REE patterns Dep of
- Strong evidences of sscondary slabs below

arcs
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Une application au Togo - Ghana

Roches totales :
13,70 < LOI: 13,85 %

40,24 < SiO2 < 40,25 wt.%

(Pour les serpentinites du Ghana)

Deschamps et al., 2013
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Cryogenian (720-680 Ma)
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et des contextes geodynamiques
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