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• Insight into the processes occurring in the continental and deep oceanic 
crust

• Estimation of the geodynamic context (depth, temperature, thermal 
gradient, P-T-t-d path)

• Assessment of whether conditions are favorable (or not) for mineralization
• Absolute and relative chronology of events
• Fluid activity, hydrothermal activity

Why do we study a tectono-metamorphic evolution?



Metamorphic conditions

Metamorphic conditions

Estimation of: 
• Depth (P=ρgz)

o (pb – local overpressure)
• Temperature

o (pb – frictional heating)
• Apparent thermal gradient

o (pb – incomplete record)
• Geodynamic context

o (pb – based on today’s 
contexts; Precambrian????)



Modelling of metamorphic conditions

Pseudosection
• Bulk rock composition
• Calculation of theoretical fields of 

stability of mineral assemblages in a 
PT diagram

• Comparing to a real sample 
assemblages and their chemistry



P-T-t-d paths

Block et al., 2016; NW Ghana

Pressure – Temperature – time – deformation path

Polyphase deformation and metamorphism



• What do I date ? 
• What is the relationship between the mineral and the structure/metamorphic 

assemblage?
• U-Pb on zircon, baddeleyite, xenotime, rutile, allanite, monazite; calcite, apatite, etc… 
• In-situ laser ICP-MS analyses allow date zoned minerals (potentially different ages)
• Closing T of each isotopic system needs to be lower than the peak T of the metamorphic 

event

Poukesserandji, in prep.

Methods for dating deformation and metamorphism

Zircon U-Pb ages

~1100 Ma – cores
~665 Ma - rims



Methods for dating deformation and metamorphism

2500-2600Ma

2040-2000 Ma

What is the relationship between the mineral and 
the structure/metamorphic assemblage?

2040-2000 Ma

Monazite U-Pb ages

Koffi et al., 2023

S2

• Relict Archean ages in the 
cores (~2650-2500 Ma)

• D2 deformation (~2040 Ma)

• Late re-opening/disturbance 
of the system (~2000 Ma)



• Metamorphic minerals such as garnet, amphibole, biotite, K-feldspar, etc…
• Isotopic systems Ar-Ar, K-Ar, Sm-Nd, Lu-Hf, 
• dissolution/analysis of the whole mineral or of its parts, mechanical 

cutting of garnet zones

Pollington and Baxter, 2011

Methods for dating deformation and metamorphism



Pollington and Baxter, 2010



Feybesse et al., 2006

Vidal et al., 2009

Moyen et 
al., 2006

Van Kranendonk et al., 2004

Pilbara, 
Australia

~3.4 Ga

Barberton, South Africa

~3.4 Ga

Ivory Coast ~2.1 Ga

Ghana ~2.1 Ga

Precambrian geodynamics

Onset of the “modern” 
plate tectonics?

How was the tectonic style 
before it became 
“modern”?



Introduction – Secular evolution of the Earth

Brown, 2007

Metamorphic grade
Eburnean 
Orogeny

Liberian 
Orogeny

Leonian
Orogeny



Introduction – Geodynamic setting and mineral deposits

Orogenic gold provinces through time

Groves et al., 2003

Goldfarb (2005)

Geodynamic settings for various gold deposits



Pb-Zn
VMS type

Cu-Au
Porphyry Cu type

Orogenic gold
Ni-Co
Ultramafic 
intrusions

Markwitz et al., 2015

Introduction – Mineral deposits in the southern West African Craton



The West African Craton



The southern West African Craton

WAXI research 
(2006-2026)

2.3-1.9 Ga

3.5-2.6 Ga
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Paleoproterozoic terrains – example of NW Ghana 

3.4-2.6 Ga

2.3-1.9 Ga



NW Ghana 

Block et al., 2016

Tholeiitic volcanics

Calc-alkaline 
volcanics

Effusive volcanics
and sediments

Detrital sediments

Greenstone belts



NW Ghana High resolution geophysical data – NW Ghana

Azumah Resources
flight height of 40 m and line spacing of 100 m 

Block et al., 2016



NW Ghana Geophysical data interpretation – NW Ghana

Block et al., 2016



Field structural data Block et al., 2016

D1 – N-S shortening



Field structural data Block et al., 2016

D2 – N-S extension



Field structural data

D3 – E-W to WNW-ESE shortening

Block et al., 2016



Field structural data – NW Ghana

D4 – WNW-ESE shortening

Block et al., 2016



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

D5 – E-W shortening (ductile)



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

D6 – E-W shortening (brittle)



Block et al., 2015

Metamorphic assemblages – NW Ghana

St

Grt
Ky



Block et al., 2015

Metamorphic conditions – NW Ghana



BN47

U-Pb monazite dating  - NW Ghana



In situ LA ICP-MS In situ SHRIMP

U-Pb monazite dating  - NW Ghana

2138 Ma
2137 Ma

2127 Ma

2130 Ma



• BN43 – 2137 ± 8 Ma ; 2138 ± 7 Ma 
• BN47 – 2127 ± 7 Ma ; 2130 ± 6 Ma 
• BN436 – 2131 ± 6 Ma 
-> age of HT metamorphic phase

Timing of metamorphism and deformation

P-T-t-d paths
Polyphase metamorphism – deformation phases

U-Pb on monazite

Block et al., 2015, JMG
Block et al., 2015, PR



Block et al., 2016

Agyei Duodu et al., 2009

1 : 1,000,000

Lithostructural map – NW Ghana

Julie Gold deposit

Bepkong Gold deposit



Geodynamic interpretations – NW Ghana

D1 – major crustal shortening, tectonically driven rock 
burial and medium to high grade metamorphism
Clockwise P-T paths, cold apparent geothermal 
gradients (10-15°C/km)

D2 – extension or transtension and exhumation of the 
high grade rocks

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

Oceanic plateaus and volcanic arcs, initial subduction 
zones

Important changes in the orientation of the shortening 
direction, which is hardly consistent with vertical 
tectonics



The southern West African Craton

WAXI research 
(2006-2026)

2.3-1.9 Ga

3.5-2.6 Ga



WAXI data

~2137-2110 Ma
U-Pb mon, 
Sm-Nd grt

~2073 Ma
U-Pb mon

~2063 Ma
U-Pb mon, 

~2064 Ma
U-Pb sph

~2626 Ma
~2527 Ma
~2040 Ma
~2000 Ma
~1950 Ma
U-Pb mon 

~2090 Ma
~2050 Ma
U-Pb mon
Sm-Nd, grt

~2030 Ma
~2050 Ma
U-Pb mon
Sm-Nd, grt

bibliographysWAC metamorphic conditions and timing 

Archean

Baratoux et al., 2024

~2050 Ma
U-Pb mon

~2200 Ma
~2120 Ma
~2080 Ma
U-Pb mon

~2080 Ma
U-Pb mon



Tectonic scenario

Perret et al., 2025

Tectonic scenario



Tectonic scenario

Perret et al., 2025



Tectonic scenario

Perret et al., 2025



Tectonic scenario

Perret et al., 2025



Data synthesis across the sWAC






Conclusions

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

• The data are consistent with an evolution from 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 of the newly formed crust and thermal relaxation,
heating and collapse of the orogeny

• Same processes but diachroneous across the West African Craton

• Most of the gold deposits are of orogenic type, often polyphase. 
They are related to structures of variable scale, developed under 
consecutive deformation events. Porphyry Cu, VMS deposits in 
volcanic arc setting. McFarlane et al., 2019



Conclusions

Masurel et al., 2021



Thank you for your attention!

https://waxi4.org/
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