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Why do we study a tectono-metamorphic evolution?

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

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

* Assessment of whether conditions are favorable (or not) for mineralization
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Metamorphic conditions

Pressure (kbars)
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@ Contact (thermal) metamorphism @ Stable continent
@ Volcanic arc @ Accretionary prism
@ Collisional mountain belt

Metamorphic conditions

Estimation of:
* Depth (P=pgz)
o (pb —local overpressure)
* Temperature
o (pb — frictional heating)
* Apparent thermal gradient
o (pb —incomplete record)
e Geodynamic context
o (pb —based on today’s
contexts; Precambrian????)



Modelling of metamorphic conditions

P (kbar)
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* Bulk rock composition

e Calculation of theoretical fields of
stability of mineral assemblages in a

PT diagram

e Comparing to a real sample
assemblages and their chemistry
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P-T-t-d paths

Pressure — Temperature — time — deformation path
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Methods for dating deformation and metamorphism

e What do | 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

Zircon U-Pb ages

697t 4 Ma 1103 +1 Ma

706 £ 3 Ma

~1100 Ma — cores
~665 Ma - rims

p72 +01 Ma

793 +5 Ma 665+ 1 Ma 100 pm

Poukesserandji, in prep.



Methods for dating deformation and metamorphism

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

Monazite U-Pb ages

SP3B (Migmatitic grey gneiss)
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e Relict Archean ages in the
cores (~2650-2500 Ma)

D2 deformation (~2040 Ma)

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




Methods for dating deformation and metamorphism

 Metamorphic minerals such as garnet, amphibole, biotite, K-feldspar, etc...
* |sotopic systems Ar-Ar, K-Ar, Sm-Nd, Lu-Hf,

* dissolution/analysis of the whole mineral or of its parts, mechanical
cutting of garnet zones

cross section plane view

Pollington and Baxter, 2011



43Nd/ " Nd

AL(108)

o Measured gamets

& Measured matrix

“ISmY N

core Radius (cm) rim

0 20 40 60 80
Volume (cc)

Fig. 4. Age versus garnet radius and volume. {a) Age versus radius. Horizontal bars
represent the thickness of the measured annuli as measured along the white lines in
Fig. 1a. Vertical black error bars represent absolute age precision (2 SD). Dashed black
lines represent the relative age precision envelope between garnet ages (25D). Gray
lines are models of constant volumetric growth rate (curved) and constant radial
growth rate (straight). (b) Age versus volume. Error bars and ermror window are as in
panel a. Black line represents best spline fit to the original data. Gray lines represent
iterations from the Monte Carlo simulations.

Pollington and Baxter, 2010



Precambrian geodynamics
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Introduction — Secular evolution of the Earth

Metamorphic grade
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Introduction — Geodynamic setting and mineral deposits

Orogenic gold provinces through time
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Introduction — Mineral deposits in the southern West African Craton
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The West African Craton

Major Orogenic
lithologies cycles
of the southern
WAC

Paleoproterozoic

- Undifferentiated gneisses
migmatites

- Granitoid intrusions

Shallow-water sediments
Deep-water sediments
Calc-alkaline volcanics

- Tholeiitic basalt (younger)

- Tholeiitic basalt

Archean

Sedimentar
supracrustals

Volcanic
supracrustals

Granitoid intrusion

Undifferentiated gneiss
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The southern West African Craton

WAXI research
(2006-2026)
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Paleoproterozoic terrains — example of NW Ghana
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Granite & granodiorite
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Geophysical data interpretation — NW Ghana

Table 1

Synthesis of the petrophysical properties and geophysical signatures of the lithologies represented on the geological map (Fig. 3). Thumbnails represent subsets of geophysical datasets of 12 = 18 km processed according to the

same method as the images presented in Fig. 2. The geophysical responses of the lithological types served as criteria for mapping. Whole rock geochemical analyses were conducted by A.LS. Mineral Laboratory, Sevilla, Spain.

Lithology G1: TTC & granodiorite  G2: granodiorite & Mafic orth Gl diorite G4: biotite granite & (G5 potassic granite Andesite/dacite Basaltf metabasalt
gneiss diorite granodiorite

Mineralogy qz, pl, hbl, bt qz, pl, kf, hbl (+ep) gz, pl, hbl, ilm {+gt} qz, pl, hbl, bt qz, pl, kI, bt az, ki, pl, bt (+ep) qz, pl. hbl, sph, act, chl, gz, ep, cal
Magnetic 0.05,0.30-0.40, 4-10, 0.10-0.30 0.10-05, 1.0-10 1.0-55 0.005-0.15 0.10-8.0, bimodal 0.30-0.40 No data

susceptibility multimodal (bimodal)

(10-3s)
Sample BN261 BNO92 BNS0&E BN38D BN112 BND23 BNO2 BN101
U (ppm} 029 215 081 046 155 4.45 0.810 0.075
Th (ppm) 379 349 226 116 12.85 139 22 0.2
K70 (%) 092 N - 3.07 0.56 148 203 516 0.51 014
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PP ———— . o
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Field structural data

D1 - N-S shortening

Block et al., 2016

g e T

Slructures

. |5 el 20
D4l phespr zone
—— 3 ehaar zone
13 mlmir rerem
— b1 shasr cona
ko w. TEnod
Kormal ehasr pons

Lichdngical bauralary

Foishion trmeciory
-1
B3

LSRRI SRR

Ao tecie

Sronioed

SO b
drsbzasld i kKal




Field structural data

Block et al., 2016
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Field structural data
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Field structural data — NW Ghana
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Field structural data — NW Ghana
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Field structural data — NW Ghana
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Metamorphic assemblages — NW Ghana
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Metamorphic conditions — NW Ghana
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U-Pb monazite dating - NW Ghana
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U-Pb monazite dating - NW Ghana
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Timing of metamorphism and deformation
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Lithostructural map — NW Ghana
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Geodynamic interpretations — NW Ghana
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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, tectonically driven rock
\ burial and medium to high grade metamorphism
Clockwise P-T paths, cold apparent geothermal

gradients (10-15°C/km)

Oceanic plateaus and volcanic arcs, initial subduction
zones



The southern West African Craton
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sWAC metamorphic conditions and timing
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Tectonic scenario
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Tectonic scenario
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Tectonic scenario
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Tectonic scenario
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Data synthesis across the sSWAC







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

e Same processes but diachroneous across the West African Craton

* Most of the are of , often .
They are related to structures of variable scale, developed under
consecutive deformation events. Porphyry Cu, VMS deposits in
volcanic arc setting.

Possible D1e architecture

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

[c] D2 ENE-WSW transtension (ca. 2073Ma) 7 N

El D2 ENE-WSW transtension (ca. 2073Ma)
(Metamorphic)

Foliation trajectories
< e 81 —a—a Thrust fault
D2 shear zone Metamorphic facles s 82 == Normal fault
dextrally reactivated [ Greenachist [l Migmatita .. Antiform

during D3 [ Amphibolite [ | Leucogranite ’_.’ F2 / L2 ‘2 Synform

McFarlane et al., 2019



Conclusions

(bl Early Eburnean gold deposits: ca. 2110 - 2095 Ma
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[@] Eoeburnean gold deposits: ca. 2200 - 2135 Ma
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Back-arc basin Juvenile island arc TTG crust
Au-poor VMS Porphyry Cu Eoeburnean orogenic gold Eastern indenter
(e.g. Perkoa) (e.g. Gaoua) (e.g. Wassa, )

[C] Late Eburnean gold deposits: ca. 2095 - 2060 Ma

Strike-slip to oblique-slip tectonics

Intrusion-related pold Late Eburnean orogenic pold
{e.g. Bonikro) (e.g. Obuasi, )

40 km

80 km Asthenosphere
inflow

120 km

Masurel et al., 2021

“" Late Eburnean high-K magmatism
T' Eburnean K-rich calc-alk. magmatim
T Eoeburnean thol./calc-alk. magmatism
Shallow water to subaerial series
WVolcanic and volcano-sedimentary rocks
Paleoproterozoic oceanic crust

Archean detritus-rich sedimentary rocks
Archean continental crust

Lithospheric mantle

Asthenospheric mantle
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