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Abstract

The Leonian (3400-3100 Ma) and Liberian (2850-2700 Ma) events are important
magmatic and tectono-metamorphic events in the Archean domain of the Man-Leo
Shield in the southern West Africa Craton. The older Leonian event was associated

with crust formation, which was variably reworked during the younger Liberian event.
In the Man domain of western Cote d’lvoire, zircon in-situ dating b % of

Granulitic Grey Gneisses (GGGs), the Mangouin charnockite Q goulalé

augen orthogneiss allows for the re-evaluation of magmatic aro

findings that the

phic activity
related to the Leonian and Liberian events. We report 4gre

@ med during the Leonian

are 3156+24, 3098+19,

GGGs represent the oldest rocks in the study area
event. The ages recorded in the GGGs in t M arey
309349 and 3019+53 Ma. The ages of 3 2 gld 3098+19 Ma represent Leonian

juvenile magmatism while thos and 3019+53 Ma represent Leonian

metamorphism. The ages the ouin charnockite and the Lagoulalé augen
orthogneiss are 2798+8 7959 Ma, respectively, and are interpreted to
record peak metamorgimg c lons during the Liberian event. Zircon from the augen

orthogneiss incﬁ n inherited core with an age of 3121+37 Ma, which

correspondg to WgoMan GGG ages. This inheritance indicates that the Mangouin
charn Nna the Lagoulalé augen orthogneiss were derived either partially or
co;tbe rom Leonian formations. A previously constrained Sm—Nd model age of
3250"Wla for the charnockite and augen orthogneiss agrees with such a process. The

majority of Th/U is higher, indicating a magmatic origin for most zircons. The Leonian

and Liberian events are proposed as two distinct events in Man-Leo Shield.

Keywords: Leonian; Liberian; Birimian; tectono-metamorphic event; reworking.



1. Introduction

The Archean Eon represents nearly half of Earth’s history, and lasted between 4.0 to
2.5 Ga. It has previously been proposed that more than 50 to 75% of the continental
crust differentiated from the mantle during this period (Nelson and Depaolo, 1985;
Taylor and McLennan, 1985, Rudnick, 1995: Belousova et al. 2010; Dhuime et al.,
2012). However, recent studies support a smaller amount of crus@l @on,
particularly during the Hadean (Fisher and Vervoort, 2018). It is f blished
that geothermal gradients were also higher in the Archean ( nd Jaupart,
2006). This makes the Archean a particularly interesting Q arth’s history, in

m@ APthe petrological level,

grey gneisses are a typical Archean lithology, of ww

terms of petrology and tectonics as well as mineralig
orthogneiss suites are a
common component that has been the f @xtensive research (Black et al.,
1971; Goldich et al., 1970; Hans l., W71; Heimlich and Banks, 1968; Kouvo

and Tilton, 1966; Moorbath, 1975;doorbath et al., 1972, Savanier et al., 2003:

Martin et al., 2014).
In the southern Wes '@ra’ton (WAC), TTGs have been dated to between 3.6

and 3.0 Ga (e.gqka 1984; Potrel et al., 1996; Kouamelan et al., 1997a, 1997b;
Thiéblemonrget 2001; Kouamelan et al., 2015; De Waele et al., 2015; Rollinson,
2QL6) @ erited zircons are known from 3.7 Ga (Barth et al., 2002; Gouediji et al.,
2014;%glinger et al., 2017). In Cote d'lvoire, grey gneisses have been dated between
3.2 and 3.0 Ga, and their trace element composition shows TTG characteristics

(Kouamelan, 1996; Kouamelan, 1997a, Kouamelan et al., 2015).

In the Archean of the southern West African Craton, two events are recognized

based on the “classic” subdivision of e.g. Cahen et al. (1984). The first is the Leonian



C ST@a)8and the second is the Liberian (~2.8 Ga). Furthermore, Camil (1984),
Kouamelan (1996) and Kouamelan et al. (1997a) highlighted petrological and
geochronological differences between these events in the Man domain. The Leonian
(is characterized by banded granulite facies grey gneisses with some metre-thick

sheets of Opx-bearing pink granitic granulite (Camil, 1984). The Liberian is

characterized by supracrustal rocks in granulite facies. However, DgpW al.
(2015) recently proposed a revision of these two terms based on publi ad®data,
where the Leonian refer to early crustal nucleation between ca. 3.° ba, and the

Liberian to continuous activity between 3.05-2.65 Ga.

This study presents new geochronological data on gey gneisses (GGGs),
charnockites, and granodiorites from the Man wio in western Cote d'lvoire
obtained by in-situ analysis of zircon ygi er-Ablation Inductively-Coupled-
Plasma Mass-Spectrometry (LA- &e new data is an improvement upon
previous ages obtained frgm theSQan region. These were based on direct
evaporation methodologie melan et al., 1997a), which can give erroneous
results due to partialgead or inherited cores, particularly in complex zircon
grains. Considerj resUlts obtained in this study, the events in the Man domain
are distinguish Kg

eodynamic model for the evolution of the West African Craton

from th o the Paleoproterozoic (Birimian) is discussed.
2. eological setting

The West African Craton consists of Precambrian formations bordered by mobile
belts and sedimentary basins (Fig. 1, Bessoles, 1977; Abouchami et al., 1990;
Kouamelan et al., 1997; Egal et al., 2002; Persits et al., 2002; Peucat et al., 2005;

Ennih and Liégeois, 2008; Pitra et al., 2010; Baratoux et al., 2011, U etal,



2012; Berger et al., 2013). The basement of the West African Craton is exposed in
two shields: the Reguibat Shield in the north and the Man-Leo Shield in the south.
Both shields are made up of an Archean and a Paleoproterozoic domain. Previous
geochronological studies have identified two major magmatic and tectono-
metamorphic events in Archean rocks of the Man-Leo Shield (MacFarlane et al.,

1980; Beckinsale et al., 1980; Rollinson and Cliff, 1982; Egal et al.,

1977; Cahen et al., 1984; Rollinson 2016). The first event is the Leon]
defined in Sierra Leone by McFarlane et al. (1980). Radiometric agd —Pb, U-Pb

and Rb-Sr) place this event between ca. 3.3 Ga and 3.0 @‘r Ardt et al., 1962;
Beckinsale et al., 1980; Camil, 1984; Thiéblemont et K The second event is
the Liberian (ca. 2.9-2.7 Ga), which is the mo ficant metamorphic and
magmatic event in the Archean domain of th@eo Shield. The Paleoproterozoic
domain (2.27-1.98 Ga) consists s&med during the Eburnean megacycle
(Tagini, 1971; Bonhomme, 19Qé, 1984; Tempier, 1986; Lemoine, 1988;
Sylvester and Attoh, 1992; %se and Milési, 1994; Vidal and Alric, 1994; Ama-
Salah et al., 1996; Hird avis, 2002; Pouclet et al., 2006; Feybesse et al.,
2006; Baratoux et 2019y De Kock et al., 2012; Parra-Avilla et al., 2016; Grenholm

et al., 2019).

The Ar ain of Cote d'lvoire is located to the west of the Sassandra Fault,
whi Qes it from Paleoproterozoic crust to the east (Fig. 2). Leonian units in
Cot Ivoire are characterized by grey orthogneiss, pink granulite, anatectic
metapelite, and ferriferous quartzites (Camil, 1984). The Leonian formations were

reworked during Liberian tectono-metamorphic activity (Kouamelan et al., 1997a),

which was associated with high-grade metamorphism, deformation, magmatism, and



deposition of supracrustal formations (Beckinsale et al., 1980; MacFarlane et al.,

1980; Rollinson and ClIiff, 1982; Egal et al., 2002; Rollinson 2016).

Our study area is located in the Man domain, to the west of the Sassandra Fault (Fig.
2). The Man domain, in the narrowest sense, could be limited to the area between
parallels 6°N and 8°N and is divided into two domains by the Man-Danané fault. The
northern domain is mainly composed of tonalitic grey gneiss, whil @ern
domain can be subdivided into three sub-domains (KouameIaO 1997a;

Kouamelan et al., 2018). These are composed of:

- An intermediate unit (the Danané-Kouibli d in) ainly containing

orthopyroxene-bearing migmatitic gneiss. Q

- The Logoualé band of biotite-bearir@matitic gneiss and charnockitic

gneiss. K

- The Toulepleu-lty unit con$gting of metasediments, metavolcanites and

granitoids. \
3. Methods %

We have app 'e&: sic mineral separation procedure to concentrate minerals

suitable for'Y—TIWb dating using the facilities available at Geosciences Rennes.
R srushed and only the powder fraction with a diameter of <250 um was
kept. Feavy minerals were concentrated in succession by G Y table and heavy
liquids. Magnetic minerals were then removed with an isodynamic Frantz separator.
Zircon grains were carefully handpicked under a binocular microscope and
embedded in epoxy mounts. The grains were then hand-grounded and polished on a
lap wheel with a 6 pm and 1 um diamond suspension successively. The sorted zircon

grains are mounted on resin studs. Furthermore, subsequent grinding and polishing



exposed the cores of all grains. Optical images of zircons show that they are
homogeneous and often oscillatory. Essentially the cores of the zircon grains have
been analyzed to have the oldest ages. U-Th—Pb geochronology of zircon was
conducted with in-situ  Laser-Ablation Inductively-Coupled-Plasma  Mass-
Spectrometry (LA-ICPMS) at Geosciences Rennes using a ESI NWR193UC excimer

. le 1.

laser coupled to a quadrupole Agilent 7700x ICP-MS equipped with ag

system to enhance sensitivity. The instrumental conditions are reporied

Concordia diagrams and weighted mean calculations were made

with2 Z ""ahd 95% U levels (Ludwig, 2008). K

4. Sample descriptions
4.1. Granulitic grey gneisses ,

The granulite grey gneiss samples tu here are labeled YAL-1 and TON-
1. Petrographic descriptions of the ks are summarized in Table 2 and presented
in detail in Kouamelan 1996; amelah et al., 1997. Two main morphologies can be
distinguished among the @ir, f the GGGs. There are (i) elongated grains with
generally blunt tips ¢fd ound grains with multiple facets. Elongated zircons have
a magmatic

n an sometimes a core. They have a very irregular surface.

n be observed along the grain margins. The absence of faces
c e result of the extreme conditions imposed during granulite
metam@phism. Round zircons generally do not have a core though magmatic zoning

can still be observed (Kouamelan, 1996).

4.2. Augen orthogneiss and the charnockite

The main features of these rocks are summarized in Table 2. Zircons of the augen

orthogneiss and the charnockite have comparable morphologies. They are elongated



and euhedral with rounded tips and generally > 150 um. They correspond to the
high-temperature S24/25 zircon types according to the Pupin (1980) classification; no

cores have been observed.
5. Results
5.1. YAL-1: grey granulitic orthogneiss

Twenty-two zircons spots were analyzed and can be divided into three pased

on 207Pb/2%pPh (Table 3). In group 1, seven concordant spots ‘n average
207Pp/?%6Pp ages of 3098+19 Ma (MSWD=0.27; n=7). In one concordant
spot gives a 207Pb/?%Ph date of 3019+53 Ma (Fig. 3) &t age is interpreted to
correspond to magmatic crystallization while the 5(32 uld represent partial Pb-
loss or metamorphism during the Leonian e@v group 3, six zircon spots yield
younger 2°7Pb/2%6Ph ages of ca. 28 Ma“and define an upper intercept age of

2812+14 Ma (MSWD=0.91; n=

. 3). This age is interpreted to represent
metamorphic overprinting atQa. 2.8 Ga associated with the Liberian event. The
zircon spots of this groupgal ne a lower intercept age of 189+308 Ma (Fig. 3).
We attribute this erQgtercept to thermal disturbance linked to mafic CAMP

magmatism (egg. Qeckdrt et al., 2005; Whalen et al., 2015). These zircons show

considerabl rigivon in both Th and U concentrations and yield Th/U of 0.14-0.98.
5.2 rey granulitic orthogneiss

Sixteen zircon grains were analyzed and three U-Pb age groups are defined based
on 207Ph/206ph (Table 3). In group 1, four concordant spots give an average of
207pPp/206Pp ages of 3156+24 Ma (MSWD= 0.73; n=4). In group 2, one concordant
spot gives a 2°”Pb/2%6Ph ages of 3093+49 Ma (Fig. 4). Like in sample YAL-1, the first

age is interpreted to correspond to the magmatic crystallization of this rock and the



second represent an event of partial Pb-loss or metamorphism during the Leonian. In
group 3, two zircon grains yield younger concordant 2°’Pb/2%6Ph ages between 2825—
2805 Ma, which define an average 2°’Pb/?%°Pb ages of 2806+25 Ma (MSWD=0.25;
n=2, Fig. 4). The age defined by group 3 zircon grains is interpreted to record
metamorphic overprinting during the Liberian event. The analyzed zircons mostly

preserve magmatic oscillatory zoning and commonly exhibit high Th/ fr@df to

0.98, excluding spots 9, 16 and 25 (0.05, 0.09 and 0.09 respectively).

5.3. MANG-1: charnockite O

Twenty-six spots on twenty-four zircon grains from charno sample MANG-1
(Table 3) were analyzed. The twenty-six concordant 5%) define an average
207Pp/206Pp ages of 2798+8 Ma (MSWD=0 It is interpreted to
represent the crystallization age of the c he analyzed zircon domains are

characterized by high Th/U (0.32

5.4 LAG-1: augen orthogr\
Twenty-two spots on t e@n grains of the augen orthogneiss sample LAG-1

(Table 3) Were Il concordant spots (>95%) with near-absent lead-loss
define an aver b/206Pb ages of 279519 Ma (MSWD=1.01; n=22, Fig. 6). This
age |s present the crystallization age of this rock. One zircon (spot 18)

r 207Pp/206pPp date of ca. 3121 Ma, suggesting inheritance. All analyzed
zirc mains have Th/U >0.1, which are typical for magmatic zircon (Williams and

Claesson, 1987), excluding spot 34 (0.08).

6. Discussion

6.1. The Leonian event: juvenile magmatism



The ages obtained in this study (Table 3) are consistent with those reported by Camil
(1984) and Kouamelan et al. (1997a) from the same area, using the TIMS method on
zircon populations and single-zircon evaporation, respectively. The ages of 3156+24,
3098+19, 3093+49, and 3019+53 Ma for the granulitic grey gneisses (GGGs) are
Leonian and represent the oldest ages in our study area. These data indicate a

period of magmatic activity between ca. 3160-3100 Ma, followe b@ian
S

metamorphism between ca. 3100-3000 Ma. The ages recorded b at

2812+14 and 2806+25 Ma record the effect of Liberian metamor In the Man

(Kouamelan et al.,, 1997a). We suggest that the Le nt was dominated by

domain, these rocks have whole-rock Nd model ages & B.3 and 3.2 Ga
juvenile magmatism with limited crustal recycling. Rﬂ (2016) in his synthesis of
Archean geology in Sierra Leone, Liberia, G ,@nd Cote d’lvoire highlights rocks

formed at 3.26-3.05 Ga. Leonian e ' reby present throughout the WAC.

6.2. The Liberian event: rewgrking ofggonian crustal components

The Manguoin charnoc% at ca. 2798 Ma and the Lagoulalé augen
orthogneiss of ca. 2 ve coeval ages and may have formed during peak
metamorphism ing Liberian event. The end of this tectono-metamorphic event

occur n Ma, which corresponds to the whole rock-garnet Sm—Nd age

red a
g pink granite sampled in same area (Kouamelan et al.,, 1997a). The

Mang®ain charnockite and the Lagoulalé augen orthogneiss have previously

constrained whole-rock Nd model ages of about 3250 Ma (Kouamelan, 1996), which
predates their emplacement ages by ca. 450 Ma. This implies that the Manguoin
charnockite and Lagoulalé augen orthogneiss were sourced from older Mesoarchean
crust. This is also supported by the inherited zircon in the augen orthogneiss of LAG-

1, which records a 2°7Pb/2%6Ph age of 3121+37 Ma. This inherited age is a minimum



and approximately 100 Ma younger than the Nd model age. Moreover, this inherited
age corresponds to the age of the GGGs. In view of the above, it can be ascertained
that the Liberian formations have Leonian protoliths. The latter are most certainly
juvenile lithological assemblages given the small age difference with the Nd model
age. In the Reguibat Shield, Potrel et al. (1998) reported ages of charnockitic granite
ranging between 2.9-2.7 Ga with Nd model ages between 3.2-3.1 G T@cks
have positive ]  (3.0), in agreement with a juvenile origin for Leoni k§*®Thus,
the Liberian event succeeded the Leonian event, and was associa significant

crustal reworking. The presence of granulite sheets within s, particularly in
the TON-1 rock, shows that they were subjected ' rade metamorphism

(Kouamelan et al., 1997a; Kouamelan, 1996). ,

The data indicate that distinct magmatic \@curred during Leonian (3.3-3.0
&a

Ga) and Liberian (2.8-2.7 Ga) ti me events are recognized across the

Archean domain in the MarnzLeo SIMgld, including in eastern Guinea (Bering et al.,
\eria (Hurley et al., 1971), and Sierra Leone (Barth

1998; Thiéblemont et al., 2

et al., 2002). They a S orded in the Reguibat Shield in the northern West

African Craton (Ei@ otrél et al., 1996, 1998; Schofield et al., 2012; Montero et al.,
"

2014). This ind hat the Leonian and Liberian were regionally significant events.
Oy d

tradict De Waele et al. (2015) who proposed a revision of the terms
Leoni®a and Liberian, with the Leonian referring to Paleoarchean crustal nucleation
between 3.55-3.40 Ga, while the Liberian represent continuous crustal growth
between ca. 3.05-2.6 Ga. The presence of inherited zircons in the younger suite and
their Nd model age ranging to 3.4-3.3 Ga indicate reworking of the older gneisses

(Rollinson, 2016). At present time, there is no knwon juvenile magmatism at 2.7-2.8



Ga. Although Paleoarchean ages have not been found yet in the Man Shield of Cote

d'lvoire, we argue that the Leonian and Liberian are two distinctive events.

6.3. Leonian and Liberian events in the geodynamical evolution of the Man

Shield

The oldest ages recorded in the WAC range from 3.7-3.5 Ga and are scarcga These
are mostly inherited ages (Barth et al., 2002; Gouédji et al., 2014; K

2017; Asiedu et al., 2017; Parra-Avilla et al., 2017; Petersson e’ 2017,
2018), except for the scarce crustal segments present in the an part of the
Reguibat Shield (Potrel et al., 1996) and in the Guinean t o e Man-Leo Shield
(Thiéblemont et al., 2001). In Sierra Leone, Barth 02) reported an age of
3.44 Ga (Re-0Os on whole rock) on rocks tha thorsWescribed as eclogite. The
formations frequently encountered in the gfan in and elsewhere in the Archean
of the WAC are the granulitic gr GGs) and paragneisses like kinzigite.
The latter are often associ |th gnetite bearing quartzites and amphibole-

pyroxenites. GGGs are t% e oldest rocks in the WAC after the rare relics
)a

highlighted by Potrel nd Thiéblemont et al. (2001). Based on the results
obtained in this considering the Nd model ages of the GGGs (Kouamelan
et al., 19974q), th@.eonian event can be considered as occurring in the range of ca.
3.4to Most of the ages obtained on the gneissic formations in the Man-Leo
and uibat Shields actually belong to this range (Kouamelan et al., 1997a; Potrel
et al., 1998; Barth et al., 2002; Thiéblemont et al., 2004). However, we would assign
the older ages (3.7-3.4 Ga) to pre-Leonian phase. This age range of 300 Ma could
demonstrate the existence of many small continental crustal blocks that evolved

separately during this period. We consider the younger ages in the Leonian rocks

between 3.1 and 3.0 Ga to be mainly due to metamorphism, because they are few



and in the samples YAL-1 and TON-1 of this study overprint the older ages. The
characteristics of these metamorphic and/or tectonic episodes need to be
demonstrated in subsequent work, and to what extent they were responsible for the

deformation of Leonian formations.

After the Leonian, the Liberian event is the major tectono-metamorphic and
magmatic event in the Archean domain of the WAC. As oppos t%ian
formations which are systematically gneissic, the Liberian fo@ can be

undeformed such as the Mangouin charnockite or the YOG odiorite, or

weakly deformed such as the Lagoualé augen orthogneg 2; Camil, 1984;
Kouamelan, 1996). The ages of the Liberian formati o® d'lvoire are grouped
in a smaller range (2.8-2.7 Ga), compared to th?of Leonian formations. An

important characteristic of the Liberian f onl is that they are sourced from
Leonian crust. This is supported r@ &tive g at 2.8 Ga and Nd model ages
ranging between 3.3 and 3.1 Ga (K&melan et al., 1997a; Potrel et al., 1998). The
presence of inherited zircogaitM.eonian ages highlighted in this study corroborates
the crustal signature erian rocks. The second characteristic is that the
dating of the diff cieS of the Liberian rocks allows to constrain the high-grade
and retrograde & of this metamorphic event. Thus, the Mangouin charnockite
dated Q ®8 Ma characterizes the paroxysm of Liberian metamorphism
(Ko et al. 1997a), while Touijenjert granites (27267 Ma) in the Reguibat
Shi (Potrel et al., 1998) characterizes the retrograde phase. However, the
temporal difference between the Mangouin and Touijenjert intrusions may also be a

reflection of diachronous processes, where metamorphism and magmatism occurred

at different times across the Archean crust.



In terms of geodynamics, we propose that the Liberian event represents a collisional
phase between Leonian crustal blocks. The Liberian magmatism that followed was
highly contaminated by the Leonian crust. This model makes it possible to clearly
distinguish between the Leonian and Liberian events that we highlight in the Man
domain. The Archean continent was subsequently affected by the tectonic and
magmatic events that were associated with the Birimian crust (Ko N b al.,
1997a, Thiéblemont et al., 2004). The age of 180+380 Ma defined h®®Tower
intercept of sample YAL-1 is close to the age of the ca. 200 Ma G m agmatism

associated with the opening of the Atlantic Ocean, whic ted the crust in

the Kenema-Man craton (e.g. Deckart et al., 2005; W , 2015).

7. Conclusions

LA-ICP-MS in-situ U-Pb dating has be@d on zircons from the granulitic
ouin

grey gneiss (3.15-3.01 Ga), thd 4@,

harnockite and the Lagoulalé augen

orthogneiss (2.8 Ga) locate§Qin the Aghean domain of western Céte d'lvoire. This
has allowed for the re%&xt of the Leonian and Liberian events in the
geodynamic evoluti t est African Craton. GGGs crystallized during the
Leonian event, eresponds to juvenile magmatism with subsequent
metamorph@ period of 300 million years (3.4-3.1 Ga). The GGGs represent
thg ol ks in the Man domain. The Mangouin charnockite and the Lagoulalé
augergrthogneiss formed during the Liberian tectono-metamorphic and magmatic
event (2.85-2.7 Ga). Liberian magmatism corresponds to the reworking of Leonian
juvenile units. These Leonian juvenile units collided during the Liberian event.

Liberian magmatism was strongly contaminated by the Leonian crust. The Leonian

and Liberian events are distinct events in the Man-Leo Shield.
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Laser-ablation system ESI NWR193UC

Laser type/wavelength
Pulse duration
Energy density on target

ThO*/Th*
Hegas Y H

N.gas Y H
Laser repetition rate
Laser spot size

ICP-MS Agilent 7700x
RF power

Sampling depth
Carriergas Y HAr)
Coolantgas Y H

Data acquisition protocol

Scanning mode
Detector mode

Excimer 193 nm
<5ns
~7 Jlcm

<0.5%
~800 ml/min

4 ml/min
3-5 Hz (zircon)
26—44 um (zircon)

O%
©

>

1350 W
5.0-5.5 mm (optimized daily)
~0.85 I/min (optimized daily)
16 I/min

Time-resolved analysis
Peak hopping, one point pj
Pulse counting, dead

prrection applied, and

analog mode when sigw Bity >~106 cps
ISOtOpeS determined 204(Hg+Pb), 206, t@ 208Pb’ 232Th, 238
Dwell time per isotope 10 ms &07%)
Sampler, skimmer cones  Ni
Extraction lenses X type

Table 1 : Operating conditioWe L®-ICP-MS equipment.
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Sample YAL-1 TON-1 MANG-1 AG-1

Lat. (N) FV9546B-2 FVO0547F-0 Fv724 O FV69466-FF
Long. (W) FV77490-5 FV75417-B 7°36'37. FV95416-7h
Rock type Granulitic grey gneiss K Augen orthogneiss

Mineral composition
(main accessories)

Rock type
classification
(Barker and Arth,
1976)
An-Ab-Or
K-Na-Ca

Structure

Qz and perthitic Kf +
Opx, Cpx, Bt (Zircon
and opaques)

Tonalitic
Trondjhemitic tre

banded 0
y N

Granulitic grey gneiss Chaer
Qz l, Opx,

Qz and perthitic Kf +

Opx, Cpx, biotite
(Zircon an

>

dejhemitic trend

banded

antiperthitic PlI,

perthitic Kf.
(Chl, Bt, zircon,
monazite, opaques)

Tonalitic
Trondjhemitic trend

Undeformed

Porphyritic Qz and Kf +
Ferromagnesian (Hbl,
Bt). (Sphene, epidote,
zircon and apatite)

Granodioritic
Calc-alkaline trend

Sheared,
foliation N75°
dextral shearing N60°

Table 2: Summary of maigfes @ f the studied rocks. Abbreviations after Whitney and Evans 2010.



Analysis C;rai? ( U w Th) ( Pb) ThIU Isotopic ratios+ 5 — -

[0) m m m + " + " *

p pp pp pp 207pp/235 (abs) 206ppy/238| (abs) 207pp/206pp (abs
YAL-1
35170614b 35 378 177 280 0.47 20.3625 0.7598 0.6161 0.0223 0.2397 0.
36170614b 36 264 96 187 0.36 19.6295 0.7301 0.6029 0.0218 0.2361
37170614b 37 350 232 249 0.66 18.2043 0.6782 0.5726 0.0207
38170614b 38 226 31 148 0.14 19.1834 0.7170 0.5917 0.0214
39170614b 39 105 25 57 0.24 13.4191 0.5074 0.4972 0.0180
40170614b 40 500 229 331 046 17.4744 0.6513 0.5578 0.0202
41170614b 41 256 78 180 0.31 19.9417 0.7452 0.6123 0.0221
42170614b 42 107 28 57 0.26 13.0805 0.5138 0.4785 0.017
45170614b 45 90 24 53 0.27 14.5595 0.5544 0.5335 1979 0.0065
46170614b 46 136 37 71 0.27 12.5343 0.4743 0.1891 0.0061
47170614b 47 203 90 144 0.44 19.6448 0.7410 0.2375 0.0076
48170614b 48 406 140 272 034 18.4399 0.6938 0.2318 0.0074
49170614b 49 156 80 110 0.51 18.9790 0.7206 0.2360 0.0077
50170614b 50 82 80 57 098 14.7260 0.56 0.1985 0.0065
51170614b 51 191 103 137 054 19.2172 0.2338 0.0076
52170614b 52 104 41 56 040 12.9623 0.1978 0.0069
55170614b 55 356 201 264 0.57 19.9911 0.2382 0.0077
56170614b 56 214 42 133 0.20 17.939 0.2342 0.0077
57170614b 57 158 64 107 0.40 0.2381 0.0079
58170614b 58 277 136 175 0.49 0.2290 0.0076
59170614b 59 148 51 100 0.34 . 0.2253 0.0074
60170614b 60 113 49 70 0.44 0.5760 0.5381 0.1984 0.0067

Conc
(%)

+ "9 207pp/2BY  + "9 207Ph205ph  x "9
89 3109 36 3118 50 99
88 3073 36 3094 50 98
85 3001 36 3056 50 96
87 3051 36 3087 50 97
78 2710 36 2791 53 93
83 2961 36 3032 50 94
89 3089 36 3094 50 100
76 2686 37 2812 56 90
81 2787 36 2809 53 98
76 2645 36 2734 53 93
88 3074 36 3103 51 98
85 3013 36 3065 51 9
86 3041 37 3093 51 9
82 2798 36 2814 53 99
87 3053 37 3079 51 98
76 2677 38 2808 57 89
88 3091 37 3108 51 99
84 2987 37 3081 52 92
86 3036 37 3108 53 94
81 2918 37 3045 52 90
86 2994 37 3019 53 98
82 2797 37 2813 55 99

Table 3: Summary of the LA-ICP-

for the zircons analysed in this study.



Analvsis Grain U Th Pb ThiU Isotopic ratios

y SpOt (ppm) (ppm) (ppm) 207Pb/235u £"9 206Pb/238u £"9 207pb/206pb * "9

(abs) (abs) (abs)

TON-1
07170614b 7 326 211 246 0.65 19.8696 0.7273 0.6106 0.0219 0.23597
08170614b 8 463 370 373 0.80 21.8213 0.7969 0.6328 0.0227 0.25007
09170614b 9 829 44 396 0.05 13.4509 0.4927 0.4418 0.0159 0.22077
12170614b 12 479 290 262 0.60 12.3854 0.4583 0.4512 0.0163 0.19907 400
15170614b 15 3334 400 1816 0.12 13.6721 0.4996 0.5079 0.0182 2648
16170614b 16 2399 206 972 0.09 9.7081 0.3554 0.3844 0.0138 2097
17170614b 17 1035 477 686 0.46 18.0660 0.6611 0.5590 0.0201 2863
18170614b 18 721 619 587 0.86 21.1037 0.7733 0.6257 0.0225 3132
19170614b 19 424 263 280 0.62 15.0684 0.5540 0.5468 0.0197 2812
20170614b 20 397 148 289 0.37 20.8790 0.7684 0.6185 0.0223 3104
22170614b 22 700 537 553 0.77 20.6748 0.02 3103
25170614b 25 1775 157 813 0.09 11.2054 0 2329
28170614b 28 554 244 367 0.44 17.9088 20 2838
29170614b 29 1364 1388 1025 1.02 18.2743 005 0.23329 0.0073 2900
30170614b 30 423 133 262 0.31 14.8736 0.01 0.19765 0.0062 2807
31170614b 31 166 67 102 0.41 14.3406 0.0190 0.19766 0.0063 2725

Conc
%

O7PB/3Y  + "9 207Ph/26Ph  + "9
3085 35 3093 49 99
3176 35 3185 49 99
2712 35 2986 50 79
2634 35 2819 51 85
2727 35 2787 50 95
2408 34 2681 51 78
2993 35 3082 49 93
3143 36 3150 49 99
2820 35 2825 51 100
3133 36 3152 49 98
3124 36 3136 49 99
2540 34 2713 51 86
2985 36 3085 50 92
3004 35 3075 50 94
2807 35 2807 51 100
2773 35 2807 52 97
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Isotopic ratios

AnalySiS c;raln U Th Pb Th/U 207 235 £"9 206 238 £"9 207 206 8"9 " 207 235 " 207 206 " C((:))/nc
pot (ppm) (ppm) (ppm) Pb/235U (abs) Pb/238U (abs) Pb/2%6pPb (abs) 9 207pp/235Y + "9 207pphj06pp  + "9 (%)
MANG-1
43270513 43 152 107 76 0.71 14.42489 0.3934 0.52967 0.013 0.19757 O, 56 2778 26 2806 40 98
44270513 44 1239 189 361 0.15 9.04033 0.2448 0.33754 0.008 0.1943 0. 41 2342 25 2779 39 67
45270513 45 27 18 14 064 14.33441 0.4101 053578 0.014 58 2772 27 2777 43 100
46270513 46 122 81 62 0.66 14.56689 0.4072 0.54246 0.014 58 2787 27 2783 42 100
47270513 47 153 100 78 0.66 14.70509 0.4047 0.54466 0.014 57 2796 26 2792 41 100
48270513 48 124 70 63 0.57 14.92693 0.4134 0.55019 0.014 . 58 2811 26 2800 41 101
49270513 49 64 55 34 0.85 15.06598 0.4252 0.53916 0.014 72 0.005 58 2819 27 2848 42 98
50270513 50 128 101 67 079 14.74365 0.4155 0.545 0. 19926  0.005 58 2799 27 2795 42 100
51270513 51 93 97 52  1.04 15.34103 1987  0.006 63 2837 29 2816 48 102
52270513 52 280 121 136 0.43 14.55684 0.19721  0.005 56 2787 26 2803 41 99
56270513 56 273 162 141 0.59 14.83312 0.1958  0.005 57 2805 27 2792 42 101
57270513 57 20 12 10 0.59 14.88061 0.19707  0.006 60 2808 28 2802 45 100
58270513 58 222 195 117 0.88 14.57528 0.19905  0.005 56 2788 27 2818 42 97
59270513 59 225 72 106 0.32 14.40554 0.19606  0.005 56 2777 27 2794 42 99
60270513 60 334 160 167 0.48 14.79171 . . 0.19557  0.005 57 2802 27 2790 42 101
61270513 61 108 77 14.95637 54958 0.014  0.19743  0.005 58 2813 27 2805 43 101
62270513 62 22 12 14.937 0.54819 0.014 0.19768 0.005 59 2811 28 2807 45 100
63270513 63 63 68 5 O0W43 054166 0.014 0.19227 0.005 57 2774 27 2762 44 101
64270513 64 119 49 17 0.4306 0.54275 0.014 0.19806 0.005 58 2804 28 2810 44 99
65270513 65 112 71 29 70.4317 0.55108 0.014 0.19724 0.005 58 2814 27 2804 44 101
66270513 66 155 102 6 0.4316 0.54881 0.014 0.19767 0.005 58 2812 27 2807 44 100
67270513 67 76 56 393 0.4258 0.54196 0.014 0.19509 0.005 58 2788 28 2786 45 100
4270513 4 63 62 22572 0.4005 0.55899 0.014 0.19757 0.005 57 2830 25 2806 38 101
5270513 5 18 11 15.05397 0.4099 0.55783 0.014 0.19575 0.004 59 2819 26 2791 40 101
6270513 6 206 109 15.01524 0.3938 0.55764 0.014 0.19531  0.005 57 2816 25 2787 38 101
7270513 7 182 105 15.15258 0.3991 0.56139 0.014 0.19578  0.006 57 2825 25 2791 38 101
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Isotopic ratios

Age Ma

Analysis C;rain S ™ i ThU - rop 23 "9 06pp238 £ "9 H07ppy206 "9 206ppy/2 07pp/235 207pp/206 CE))/I‘IC

pot (ppm) (ppm) (ppm) Pb/Z5U (abs) Pb/%38U (abs) Pb/20%Pb (abs) Pb/ Pb/ZU +£2 9 Pb/26Pp 2 9 (%)

LAG-1

11270513 11 161 44 75 0.27 14.6024 0.3796 0.5363 0.0134 0.1975 0.0044 2764 80 2790 25 2806 36 99
12270513 12 128 42 60 0.33 14.4018 0.3758 0.5365 0.0135 0.1947 0.0044 274 56.500 2777 25 2783 37 100
13270513 13 78 84 42 1.08 14.4516 0.3784 0.5308 0.0134 0.1975 0.0045 _ U ¥ 56.220 2780 25 2806 37 98
17270513 17 62 65 34 1.05 14.6691 0.3935 0.5366 0.0137 0.1983 0.0047 @ 57.460 2794 26 2812 39 98
18270513 18 59 70 39 1.19 20.8111 0.5522 0.6285 0.0160 0.2402 0. 4¥.5000 63.160 3130 26 3122 37 101
19270513 19 74 90 42 121 15.0259 0.3984 0.5488 0.0139 0.1986 2820.2000 57.740 2817 25 2815 38 100
20270513 20 125 114 68 0.91 15.1010 0.3994 0.5491 0.0138 0.1995 2821.2000 57.640 2822 25 2822 38 100
21270513 21 133 93 69 0.70 14.4641 0.3853 0.5449 0.0138 0.1926 2803.7000 57.560 2781 25 2764 38 101
22270513 22 178 122 88 0.69 13.7143 0.3622 0.4985 0.0125 0.199 2607.3000 53.940 2730 25 2823 37 92
23270513 23 212 158 103 0.74 13.7103 0.3597 0.4999 0.0125 2613.4000 53.740 2730 25 2818 37 93
24270513 24 144 34 66 0.24 14.3564 0.3771 0.5342 0.0134 0.0045 2759.0000 56.140 2774 25 2785 37 99
25270513 25 81 82 44 1.01 14.6359 0.0047 2813.9000 58.240 2792 26 2776 39 101
26270513 26 138 129 71 0.94 14.1738 1977 0.0048 2699.2000 56.340 2761 26 2808 39 96
30270513 30 110 114 65 1.04 16.0665 0.1989 0.0047 2973.7000 59.800 2881 25 2817 38 106
31270513 31 92 60 47 0.66 14.7288 0.1974 0.0047 2788.5000 56.880 2798 25 2805 38 99
32270513 32 185 173 99 0.93 14.8879 0.1997 0.0047 2787.2000 56.860 2808 25 2824 38 99
33270513 33 86 88 46 1.02 14.2067 0.1986 0.0048 2694.4000 55.680 2764 26 2815 39 96
34270513 34 367 28 145 0.08 12.1144 0.1986 0.0047 2362.0000 49.400 2613 25 2815 38 84
35270513 35 136 37 63 0.27 14.2583 0.1925 0.0046 2772.1000 56.380 2767 25 2764 39 100
36270513 36 46 39 25 0.85 15.1728 0.1960 0.0049 2873.5000 59.380 2826 26 2793 41 103
37270513 37 85 61 45 0.72 0.1957 0.0048 2839.5000 58.080 2811 26 2791 40 102
38270513 38 138 43 65 0.31 0.1955 0.0047 2794.7000 56.940 2791 26 2789 39 100
39270513 39 83 52 43 0.63 0.1939 0.0047 2838.2000 57.780 2802 26 2776 40 102
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Crystallization

Metamorphic age Inheritance

Sample Rock type age (?°’Pb/2°¢Pb
Leonian Liberian age)
YAL-1 GGG 3098119 Ma 3019453 Ma 2812+14 Ma
TON-1 GGG 3156124 Ma 3093149 Ma 2806125 Ma
MANG-1 Charnockite 2798+8 Ma
LAG-1 Augen orthogneiss 2795+12 Ma 3121+37 Ma

Table 4: Summary of zircon U-Pb dating results obtained. GGG - Granulitic Grey

Gneiss

Q}Q



Figure captions

Fig. 1: Geological sketch map of the West African Craton, adapted from Bessoles,
1977; Abouchami et al., 1990; Kouamelan et al., 1997; Egal et al., 2002; Persits et
al., 2002; Peucat et al., 2005; Ennih and Liégeois, 2008; Pitra et al., 2010; Baratoux

etal., 2011: U etal, 2012. Redrawn after Berger et al., 2013.

Fig. 2: Schematic map of the Archean Man Domain in western Cﬁ&’lv%with

location of studied samples, adapted from Pitra et al., 2010.

Fig. 3: Concordia diagram for zircons from the YAL-1 gre@/ gneiss sample

analyzed with LA-ICP-MS, including transmitted ligh of zircon grains with

some ages obtained. ,
Fig. 4: Concordia diagram for zircons in @1 granulite grey gneiss sample
analyzed with LA-ICP-MS, includi nWgtted light images of zircon grains with

some ages obtained.

Fig. 5 Concordia diagram foN\s in the Mangouion charnockite sample analyzed
with LA-ICP-MS, includin itted light images of zircon grains with some ages
obtained.

Fig. 6: Conco§aWagram for zircons in the Lagoulalé augen orthogneiss sample
it

analyze ICP-MS, including transmitted light images of zircon grains with
sord

tained.
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Highlights \

Leonian (3.3¢8.0 nd Liberian (2.9-2.7 Ga) are very distinct magmatic

events. K
Leor@ht has magmatism at 3.3-3.1 Ga followed by metamorphism at
@ Ga.

Iberian magmatism corresponds to the reworking Leonian juvenile

formations.



