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Introduction — Precambrian geodynamics
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Introduction — Geodynamic setting and mineral deposits

Orogenic gold provinces through time
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Introduction — Secular evolution of the Earth
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Paleoproterozoic terrains — example of NW Ghana
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NW Ghana

Greenstone belts
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NW Ghana
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Field structural data

D1 - N-S shortening

Block et al., 2016
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Field structural data

D2 — N-S extension

Block et al., 2016

Bhuctures

. |5 eled 200
[l ehepr 2o

—— 3 eheapr 2one
[0 miamir sera

— b1 shaer cone
i a Thnot
Kormal ehasr pons

Lichadngical bouraany

Foitstion empeciary
-1
B3

Lal PR RARTH ] (S
Amprdhodcs dacie
Eranioed

3T S ]
drEosssed i kel




Field structural data

Block et al., 2016
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Field structural data — NW Ghana
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Field structural data — NW Ghana

Block et al., 2016
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Magnetotelluric and gravimetric profiles — SW Burkina Faso
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Metamorphic assemblages — NW Ghana
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Metamorphic conditions — NW Ghana
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Timing of metamorphism and deformation
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Geodynamic interpretations — NW Ghana

2020 Ma

2040 Ma

2060 Ma

2080 Ma

2100 Ma

2120 Ma

2140 Ma

2160 Ma

2180 Ma

2200 Ma

NW Ghana

Important changes in the orientation of the shortening

direction, which is hardly consistent with vertical
tectonics

D3, D4, D5 — switch from predominant pure shear
collisional regime to transcurrent regime, cooling and
/ collapse of the orogen

| D2 — extension or transtension and exhumation of the

high grade rocks

\ D1 — major crustal shortening, rock burial and medium
to high grade metamorphism

Oceanic plateaus and volcanic arcs, initial subduction
zones



WAXI research in the sWAC
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Geodynamic Atlas
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Key observations in Paleoproterozoic domains

Linear granitoid-greenstone belts

Komatiites extremely rare (found only in Guinea), most of the mafic rocks are tholeiites,
voluminous effusive calc-alkaline volcanism (volcanic arcs)

Voluminous magmatism of sodic calc-alkaline character (TTG-like)

Polyphase deformation; significant changes in stress field orientation during the
Eburnean Orogeny

Crustal-scale deep-seated shear zones, distributed across the craton

Diachronous record of magmatism and metamorphism across the WAC (50 Ma difference
between the E and W parts)

Clockwise P-T paths, cold apparent geothermal gradients at early metamorphic stages
(10-15°C/km); no ultra-high pressure metamorphism

Tectonically driven burial and exhumation of supracrustal rocks



Conclusions

Possible D1e architecture

* The geodynamic setting in Paleoproterozoic domains
is transitional between the (hot) “archaic” style in
Archean domains of the WAC and modern plate
tectonics style

[ Birimian mafic to intermediate volcanic rocks [ TTG-like and calc alkaline plutonism  [Jil] Lithospheric mantie
[Ml Birmian sedimentary and volcano-sedimentary sequences 2417 Partial melting of thickened crustal pile [Jilj Oceanic crust

* The data are consistent with an evolution from s
primitive tholeiitic volcanism (probably plume-
triggered extension of the pre-existing Archean
continents), formation of volcanic arcs, accretion of |
these arcs (subduction needed!), collisional thickening = EgLumsee = 2 g
of the newly formed crust and thermal relaxation, —
heating and collapse of the orogeny E =

ol Foliation trajectories
N — 81 —aa Thrust fault
(2 ahaar 300 Metamorphic facies e . Normal fault
dextrally reactivated | Green.scmsl (£ Migmatite “®. Antiform
during D3 [ Amphibolite [ ] Leucogranite ‘.’ F2 / L2 ‘2 Synform

* Same processes but diachroneous across the West

. McFarlane et al., 2019
African Craton
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Conclusions

Major
lithologies
of the southern
WAC
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geodynamics

Typical structures and geodynamic setting

- Orogenic gravitational collapse
- Regional anastomosing steeply dipping shear zones
and high strain zones in granite-greenstone belts

- Accrection of arcs, continental collision, subhorizontal
shortening and crustal thickening, tectonic burial,
intense folding and foliation

- Volcanic arcs, subduction zones

- Transcurrent ductile penetrative shear zones

- Intense folding and penetrative foliation in high grade
gneisses and migmatites, magmatic banding

- Predominant subvertical fabrics

- Transcurrent ductile penetrative shear zones

- Intense folding and penetrative foliation in high grade
gneisses and migmatites, magmatic banding

- Predominant subvertical fabrics

- Tectonic exhumation, variable grades of metamorphism

Paleoproterozoic

Undifferentiated gneisses
migmatites

- Granitoid intrusions
Shallow-water sediments

Deep-water sediments
Calc-alkaline volcanics

Tholeiitic basalt (younger)

- Tholeiitic basalt

Archean

Sedimenta
supracrustals

Volcanic
supracrustals

Granitoid intrusion

Undifferentiated gneiss
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