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 39 
ABSTRACT 40 

 41 

We present a thermal history of the Kedougou Kenieba Inlier (eastern Senegal), the western-42 

central outcropping part of the West African Craton, based on 40Ar/39Ar analyses performed 43 

on hornblende, biotite, and K-feldspar minerals from Paleoproterozoic plutonic rocks. 44 
40Ar/39Ar age spectra obtained for hornblendes and biotites range between 2055 ± 26 and 45 

2028 ± 28 Ma, in very good consistency. They suggest that magmatism in the Kedougou 46 

Kenieba Inlier happened at the end of the Eburnean Orogeny (2.25-2.00 Ga). Taking into 47 

account previous zircon U/Pb ages, these new results imply that initial cooling from magmatic 48 

temperature to about 300°C (biotite closure temperature) occurred rapidly, and that these 49 

rocks did not experience any subsequent re-heating event above 300°C. On the other hand, 50 
40Ar/39Ar age spectra obtained on K-feldspars display strongly disturbed patterns revealing 51 

that these minerals experienced argon loss due to re-heating events. Altogether, these data 52 

constrain a thermal history for the studied area involving two thermal events with 53 

temperatures around 275 and 225°C, at about 1750 and 1500 Ma, respectively. These thermal 54 

events, previously inferred from U/Pb ages of intruding mafic dykes, can be related to aborted 55 

attempts of continental breakup, as the West African Craton remained attached to Baltica and 56 

Amazonia cratons during the 1.8-1.3 Ga interval. 57 

  58 
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1. Introduction 59 

 60 
 Proterozoic plate reconstruction models (e.g., Johansson 2009; Zhao et al., 2002) 61 

suggest that the West African craton (WAC), the north-east of Central South America 62 

(Amazonia) craton, and the south-east of East European (Baltica) craton were connected for 63 

more than 1 Ga, until breakup of Rodinia (c.a. 0.8 Ga; Johansson, 2009; 2014; Wingate and 64 

Giddings, 2000). 65 

 The Eburnean Orogeny completed the assemblage of the WAC at ca. 2.1 Ga (Baratoux 66 

et al., 2011; Begg et al., 2009; Feybesse et al., 2006; Wane et al., 2018, and references 67 

therein). The Trans-Amazonian Orogeny in South America led to the assembly of the 68 

Amazonian Craton at ca. 2.18-1.95 Ga (Kroonenberg et al., 2016; Nomade et al., 2002; 69 

Hartmann, 2002; Neves et al., 2006). The WAC was then separated from the Baltica at about 70 

600-550 Ma (Johansson, 2009; 2014), and from the Amazonia craton at about 200 Ma, when 71 

the Central Atlantic Ocean opened (e.g., Marzoli et al., 1999; Nomade et al., 2007; Merle et 72 

al., 2011). The Mesoproterozoic period was considered as relatively quiet for the WAC, as no 73 

tectonic event was documented. However, recent studies have identified during this period 74 

large-scale magmatic events based on U-Pb ages obtained on dyke swarms (Baratoux et al., 75 

2019; Youbi et al., 2013).  76 

 40Ar/39Ar analyses have been performed here on hornblende, biotite and K-feldspar 77 

minerals from mafic and felsic Paleoproteorozoic plutonic rocks intruding the Mako belt in 78 

order to reconstruct the thermal history of the Kedougou Kenieba Inlier (WAC). The aim of 79 

the present study is also to contribute to the identification of large-scale magmatic events 80 

having affected the WAC and to determine their thermal impact using 40Ar/39Ar 81 

thermochronology. 82 

 83 

2. Geological setting 84 

 85 

2.1. West African Craton 86 

 87 

 Archean to Paleoproterozoic crusts from the WAC outcropp as the Reguibat Rise and 88 

the Leo-Man Rise, in its northern and southern parts, respectively (Fig. 1). Neoproterozoic to 89 

Paleozoic rocks from the Taoudeni Basin cover its central part. In the western part of the 90 

Reguibat Rise, the main phase of magmatism is dated at about 2.9 Ga (Schofield et al., 2012). 91 

Then, metamorphism occurred at 2.7 Ga, as suggested by the age obtained there for granulite 92 
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facies gneisses (Cahen et al., 1984). In the Man Domain of the Leo Rise, comparable ages 93 

have been measured for the Archean formation, but U-Pb ages obtained for gneiss reveal that 94 

magmatism started as early as 3.5 Ga (Thiéblemont et al., 2004). 95 

 The WAC experienced an intense crustal growth between 2.2 and 2.1 Ga (e.g., 96 

Abouchami et al., 1990; Dia et al., 1997; Hirdes and Davis, 2002). It is characterized by 97 

emplacement of tonalite-trondhjemite-granodiorite (TTG) series, granite plutons, and 98 

intercalated greenstone belts. Based on its tholeiitic or calc-alkaline signature, the latter has 99 

been related to a metamorphosed volcanic arc environment (Dia, 1988). During the Eburnean 100 

Orogeny, several periods of deformation have been recognized with different interpretations 101 

proposed (e.g., Feybesse et al., 2006; Perrouty et al., 2012). First, a compression episode 102 

induced regional metamorphism due to thrusting and crustal thickening. Then, possibly 103 

following an extension phase, N to NE transcurrent shear zones developed during the second 104 

period. Overall, a voluminous plutonic activity occurred during the Eburnean Orogeny in the 105 

WAC. Calc-alkaline Na-rich plutonism of TTG-type was first emplaced and was followed by 106 

more alkaline syenitic magmatism (Baratoux et al., 2011), from about 2250 to 2060 Ma (e.g., 107 

Goujou et al., 2010; Hirdes and Davis, 2002; Tshibubudze et al., 2013; Wane et al., 2018). At 108 

least 26 dyke swarms of variable orientations were mapped across the WAC using the 109 

airborne magnetic data (Jessell et al., 2015). These dyke swarms were emplaced between 110 

~2733 Ma (Tait et al., 2013) and ~200 Ma (Baratoux et al., 2019). 111 

 112 

2.2. Kedougou Kenieba Inlier (KKI) 113 

 114 

 The Birimian supergroup, mapped in detail by Theveniaut et al. (2010), makes up 115 

most of the Kedougou Kenieba Inlier (WAC, Eastern Senegal) where the present study is 116 

focused (Fig. 1). The western part of the Kedougou Kenieba Inlier is made of 117 

Paleoproterozoic volcano–plutonic and volcano–sedimentary rocks (Mako belt) crosscut by 118 

plutonic bodies of varying composition, from gabbroic to granitic (Dioh et al., 2006) (Fig.1). 119 

They were emplaced in an arc-type setting (Dia et al. 1997; Sagna et al., 2017) and accreted 120 

during the Eburnean Orogeny (Baratoux et al., 2011; Begg et al., 2009; Feybesse et al., 121 

2006). 122 

 To the west of the KKI, the Mako Supergroup is mainly made of tholeiitic and calc-123 

alkaline lavas interbedded with volcano-detritic sediments, which are folded and have 124 

undergone a greenschist facies metamorphism (Bassot 1966; 1987; Dia 1988; Dia et al. 125 

1997). Between 2158 and 2079 Ma, they were intruded by several plutonic bodies from the 126 
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Badon-Kakadian Batholith (Dia et al. 1997). Amphibolite facies metamorphism of Paleo-127 

Proterozoic metasediments, was documented around the northern edge of the Saraya batholith 128 

in the central part of the Kedougou Kenieba Inlier (Ndiaye et al., 1989). Within these 129 

metasediments, metamorphic monazites yielded LA-ICP-MS U-Pb ages of 2052 ± 7 and 2048 130 

± 8 Ma, and garnets neoblasts were dated using Sm-Nd at 2049.1 ± 3.1 Ma (Kone et al., 131 

2018).  132 

The volcano-plutonic area investigated here corresponds to the northern part of the 133 

Mako Supergroup. Numerous granitoid bodies are present, as well as metabasites tholeites 134 

from the Konkoto and Mako areas. The metasediments and calc-alkaline metavolcanites of 135 

the Fouldé and Baniomba series are also found in this area (Dia et al., 1997; Dioh et al., 2006; 136 

Goujou et al., 2010; Gueye et al., 2007, and references therein). Granodiorite rocks have been 137 

sampled from the Diombalou (981M) and the Kaourou–Alinguel (984M and 9814M) plutons. 138 

Sample 983M is from a fine-grained amphibole-bearing rock within the Badon pluton, while 139 

9813M is from a lower gabbroic unit from the Sansankhoto pluton (Fig.1). The Badon 140 

batholith (981M) was recently dated at 2102 ± 8 Ma (U-Pb, zircon; Théveniaut et al., 2010) 141 

and the Sansankhoto batholith (9813M) yields 2058 ± 8 Ma (U-Pb zircon; Goujou et al., 142 

2010).  143 

 Recent K-Ar ages, performed on hornblende, biotite and K-feldspar minerals from the 144 

same samples as those investigated in the present study, have shown that plutonism in the 145 

Kedougou Kenieba Inlier occurred between 2.0 and 2.1 Ga, and suggested either a slow 146 

cooling rate for hundreds of Ma, or that a thermal event partially re-opened the K-Ar system 147 

of K-feldspars from this area (Sagna et al., 2017).  148 

In the KKI, two dyke swarms were identified using the airborne magnetic data (Jessell 149 

et al., 2015): a NNE to NE-trending Kedougou swarm (1764 ± 4 Ma) and an E-W oriented 150 

Sambarabougou swarm (1521 ± 3 Ma), both dated by TIMS U-Pb method on baddeleyite 151 

grains; Baratoux et al., 2019) (Fig. 1b). 152 

 153 

3. Methods 154 

 155 

3.1. 40Ar/39Ar dating 156 

 157 

The 40Ar/39Ar analyses were performed at Orsay (France) using the multi-collector 158 

mass-spectrometer and procedure presented in Coulié et al. (2004). During 60 h, samples and 159 

flux monitors were irradiated together in the Corvallis Triga reactor (Radiation center, Oregon 160 
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state University, USA), using the CLICIT facility. Gas extraction of unkowns was realised by 161 

step-heating with a high frequency furnace. As their behavior during heating is supposingly 162 

ideal, a Nd-YAG laser (1064 nm) was used to fuse 20 mg aliquots of sanidine separated from 163 

the Fish Canyon tuff in a single step.  From these analyses, the J factors were calculated based 164 

on the age of 28.201 Ma (Kuiper et al., 2008). From repeated analyses of air aliquots 165 

measured with the same 40Ar signal than that measured for a typical step, the mass 166 

discrimination was corrected using a linear law. 40K decay constants and the K isotopic ratio 167 

of Steiger and Jäger (1977) have been used. 168 

Precise and accurate measurements are mandatory to constrain the age and duration of 169 

geological events. We have shown that 40Ar/39Ar ages with an analytical relative precision as 170 

low as 0.1% can be reached with our instrument (Ricci et al., 2013). However, as 40Ar/39Ar is 171 

a relative dating technique, standard ages and decay constant uncertainties are the main 172 

limiting factor for the accuracy of this technique (Kuiper et al., 2008). Recent studies have 173 

proposed ages for the widely used Fish Canyon Tuff sanidine ranging from 27.89 (Westerhold 174 

et al., 2012) to 28.305 ± 0.072 Ma (Renne et al., 2010). Such difference of about 1% can be 175 

explained by inter-laboratory biases, or by the presence of previously un-detected 39ArK recoil 176 

(Phillips et al., 2017). Consequently, we conservatively use a systematic error of 1% for the J-177 

Factor determination involved in the 40Ar/39Ar age calculation presented here. Uncertainties 178 

are quoted at the 2σ level throughout this manuscript. 179 

 180 

3.1. 40Ar/39Ar thermochronology 181 

 182 

 The multi-diffusion domain (MDD) approach has been used here in order to recover 183 

the continuous thermal history recorded in K-feldspars (Lovera et al., 1989; 1992). It relies on 184 

the hypothesis that diffusion of Ar occurs in nature by the same mechanics as in the 185 

laboratory, and that diffusion of K-feldspar argon can be modeled by a discrete distribution of 186 

non-interacting domains. Using the 40Ar/39Ar step-heating measurements, diffusion 187 

parameters (i.e., activation energy and frequency factor) are retrieved from the Arrhenius 188 

diagram obtained from the degassing systematics of reactor-produced 39ArK (Loveral et al., 189 

1989). Monotonic cooling thermal histories can be obtained through inverse modeling, hence 190 

without a-priori thermal history, while forward modeling approach is necessary when re-191 

heating is imposed in the input thermal history. 192 

 193 

 194 
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4. Results 195 

 196 

4.1. 40Ar/39Ar ages 197 

 198 

 Plateau and integrated 40Ar/39Ar ages obtained here from the Kedougou Kenieba Inlier 199 

are given in Table 1, and full dataset can be found in Supp. Mat. 1. Apparent 40Ar/39Ar age 200 

spectra for hornblendes and biotites yield ages ranging between 2055 ± 26 and 2028 ± 28 Ma, 201 

with two clusters at 2033 ± 10 Ma (983M hornblende and 9814M biotite) and 2053 ± 12 Ma 202 

(981M hornblende), when considering only the three well-defined plateaus including more 203 

than 90% of total 39Ar (Fig. 2). Note that the other 3 plateaus, which include only between 50 204 

and 70% or 39Ar, hence satisfying plateau criteria (Fleck et al., 1977), also fall within clusters. 205 

Because argon is released in a short temperature interval as dehydration and decomposition of 206 

hornblende occur (Wartho et al., 1991), plateau ages are defined here only by few steps. 207 

However, they cover a large proportion of the total 39Ar released of 93 and 98%, for 981M 208 

and 983M, respectively. Age spectrum for 984M hornblende shows distinct behavior, with 209 

increasing ages from about 1800 Ma before reaching a rather poorly defined plateau (58% of 210 

total 39Ar) at 2055 ± 26 Ma (Figure 2a). Similarly, 984M and 9813M biotite spectra show 211 

slightly disturbed patterns, but yield plateau ages of 2053 ± 26 (66% of total 39Ar) and 2028 ± 212 

28 Ma (52% of total 39Ar), respectively. Besides younger ages obtained for low temperature 213 

steps, 9814M biotite displays a plateau over 93% of 39Ar released with an age of 2034 ± 26 214 

Ma (Fig. 2a). 215 

 K-feldspars age spectra display more disturbed patterns than biotite and amphibole 216 

samples (Fig. 2b). Only 981M spectrum can be used to calculate a plateau age of 1793 ± 24 217 

Ma between 800 and 1025°C (63% of total 39Ar), although, as it displays overall increasing 218 

ages, it should be regarded with caution. However, excluding the first step, apparent ages 219 

overall increase from about 1550 to 1900 Ma. The three other feldspar samples do not display 220 

any plateau age s.s. and have increasing ages from low to high temperature steps. Sample 221 

983M K-feldspar display increasing ages up to 1778 Ma, with a very large step of 1740 Ma 222 

obtained between 1175 and 1295°C. Note that it is poorly defined due to the very large 223 

amount of gas released. Indeed, it has necessitated the use of the highest measurement range, 224 

which lacked a precise calibration. Apparent ages of 984M K-feldspar show a steep increase 225 

at low temperature up to about 1500 Ma, followed by a shallower increase of apparent ages 226 

up to about 1750 Ma at high temperature. Finally, Sample 9814M K-feldspar displays similar 227 
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but more pronounced features than the latter, with two pseudo-plateaus at about 1530 Ma 228 

between 765 and 945°C, and one at about 1730 Ma for the high temperature steps. 229 

 230 

4.2.  40Ar/39Ar thermochronology 231 

 232 

 Thermal histories from K-feldspars were first retrieved under the assumption of 233 

monotonic cooling (Supp. Mat. 2). Note that modeling for 981M K-feldspar was not possible 234 

as the age spectrum was obtained from a too low number of temperature steps. For samples 235 

984M and 9814M, MDD modeled and measured age spectra match, while for 9814M, they 236 

are noticeably different. The three thermal histories obtained here display clear differences, 237 

which seems incompatible with a common regional geodynamic history. Furthermore, they 238 

suggest cooling through the 300°C isotherm (i.e., the closure temperature of biotite; Hodges, 239 

1991) at 1700 Ma for 983M, and at 1400 Ma for 984M and 9814M. This is in strong 240 

disagreement with the well-constrained biotite 40Ar/39Ar ages, ranging from 2028 ± 28 to 241 

2053 ± 26 Ma (Fig. 2a and Table 1). Hence, monotonic cooling below 650°C, the closure 242 

temperature of hornblende (Harrison and McDougall, 1980), since 2050 Ma cannot account 243 

for disturbances observed in K-feldspar 40Ar/39Ar spectra shown in Fig. 2b. Consequently, it 244 

is necessary to invoke one or several re-heating events having affected the study area in order 245 

to explain the re-opening of the Ar system recorded in K-feldspars. 246 

 247 

5. Discussion  248 

 249 

5.1. Cooling temperatures of the granitoids  250 

 251 

New 40Ar/39Ar ages obtained here on hornblendes and biotites range within 2028 ± 14 252 

and 2055 ± 10 Ma (Table 1), with a mean age of about 2040 Ma. Comparison with previous 253 

K-Ar ages realized on the same samples (Sagna et al., 2017) shows that the 40Ar/39Ar ages 254 

obtained here are more clustered and some are significantly older. This could be explained by 255 

the fact that the K-Ar technique is unable to detect loss of radiogenic argon from the less 256 

retentive sites during thermal events (e.g., McDougall and Harrison, 1999). On the other 257 

hand, such loss seems to have been recorded by the 40Ar/39Ar technique, as shown by the 258 

younger ages obtained here from low temperature steps of biotite and hornblende samples 259 

(Fig. 2a). Previously published 40Ar/39Ar hornblende, biotite and muscovite ages from the 260 

whole KKI range between 2212 and 2020 Ma (Gueye et al., 2007), in agreement with the 261 
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present study. However, as samples come from different units than those investigated here, no 262 

direct comparison can be performed.  263 

We have calculated cooling rates using a closure temperature of 900°C for zircon U-264 

Pb ages (Lee et al., 1997), 550°C for hornblende 40Ar/39Ar ages (McDougall and Harrison, 265 

1999), and 300°C for biotite 40Ar/39Ar ages (Hodges, 1991). For the Badon batolith, based on 266 

the U-Pb zircon age of 2102 ± 8 Ma (Théveniaut et al., 2010), and the 40Ar/39Ar hornblende 267 

ages of 2053 ± 12 and 2055 ± 10 Ma for 981M and 984M, respectively (Table 1), we have 268 

calculated cooling rates of 7°C.Myr-1. An even lower rate of 5°C.Myr-1 is obtained for sample 269 

983M, which displays and 40Ar/39Ar hornblende ages of 2032 ± 12 Ma (Table 1). Within the 270 

range 900°C-300°C, cooling rates of about 10°C.Myr-1 are calculated when considering 271 

biotite ages of 2053 ± 10 and 2034 ± 8 Ma, for 984M and 9814M samples, respectively 272 

(Table 1). A significantly higher rate of 20°C.Myr-1 is obtained when considering only the 273 

Sansankhoto pluton dated at 2058 ± 8 Ma with U-Pb on zircon (Goujou et al., 2010), and at 274 

2028 ± 28 Ma using 40Ar/39Ar on biotite (Table 1). 275 

Cooling rates of batholiths emplaced within other more recent convergent geodynamic 276 

settings show values on the order of those reported above for the KKI batholith from about 277 

900 to 300°C (e.g., Maurel et al., 2004; Quidelleur et al., 1997). 278 

 279 

5.2. Re-opening of the 40Ar/39Ar system during younger thermal events 280 

 281 

The flat shape of the biotite age patterns (Fig. 2a) suggest that there was no further 282 

thermal event reaching a temperature higher than 300°C after emplacement of the batholith. 283 

Regarding K-feldspars, Figure 2b shows that the apparent age spectra of all three 284 

samples display disturbed patterns suggesting that they experienced one or several moderate 285 

thermal perturbations younger than 1800 Ma. As continuous cooling cannot account for 286 
40Ar/39Ar age spectra from K-feldspar, we have attempted a modeling of the thermal history 287 

including re-heating events. The thermal history used to compute the K-feldspar age spectra 288 

using forward MDD modelling (Lovera, 1992) is shown in Figure 3. This thermal history has 289 

been constructed using previous zircon U-Pb ages (Goujou et al., 2010; Théveniaut et al., 290 

2010), hornblende and biotite ages from this study (Table 1), and their associated closure 291 

temperature (see setion 5.1). In addition, we have included two 10 Ma long re-heating events 292 

at 1750 and 1500 Ma, of 275 and 225°C, respectively, suggested by the K-feldspar 40Ar/39Ar 293 

spectra described in the results section. Using this input thermal history, all modelled age 294 
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spectra display 40Ar/39Ar age spectra that are rather similar to measured spectra (Fig. 3 295 

inserts). 296 

In the KKI, two dyke swarms were dated using TIMS U-Pb on baddeleyites (Baratoux 297 

et al, 2019): a NE oriented Kedougou dyke swarm at 1764 ± 4 Ma, and an E-W oriented 298 

Sambarabougou swarm at 1521 ± 3 Ma (Baratoux et al., 2019). The two dated swarms occur 299 

in the study area, even though not in the immediate vicinity of the granitoids studied here. The 300 

closest NE oriented dyke is located ca 10 km far north from the granitoids while the E-W 301 

dykes are even farther, about 50 km to the north. There is also a possibility that the dykes are 302 

closer to the study area, but they are too small or too deep to be mapped by airborne magnetic 303 

data. In any case, the two ages at ca 1750 and 1500 Ma, inferred from K-felsdpars age 304 

spectra, are similar to the ages obtained by U-Pb method on the two dyke swarms (Baratoux 305 

et al., 2019) and, therefore, we suggest that reopening of the 40Ar/39Ar system may be related 306 

to these two regional thermal events. 307 

 308 

5.3. Chronology of the thermal events in the WAC 309 

 310 

Regional dyke swarms are often considered as the arrival of a mantle plume at the 311 

base of the lithosphere (e.g., Park et al., 1995; Li et al., 1999; Ernst, 2014), or emplaced from 312 

a shallow mantle source related to lithospheric extension (e.g., Jourdan et al., 2007; Hastie 313 

etal., 2014; Merle et al., 2014). In both cases, such intrusion of regional dyke swarms can 314 

induce large-scale thermal effects.  315 

 Within the WAC, the Libiri and Kedougou thermal events, dated at 1790 and 1750 316 

Ma, respectively (Baratoux et al., 2019), and the 1750 Ma Tagragra of Akka event (Youbi et 317 

al., 2013) have been identified based on the U-Pb ages of dyke swarms. As these dykes are 318 

converging towards the northeast of the WAC (Baratoux et al., 2019), it can be assumed that 319 

this area was the locus of an intense magmatic activity which is manifested by several pulses 320 

around 1750 Ma. Youbi et al. (2013) suggest that the mafic dykes and felsic dykes of four 321 

Anti-Atlas Inliers are derived from a 1.75 Ga bimodal felsic-mafic magmatism emplaced in a 322 

continental rifting setting. All together, these ages can be interpreted as the occurrence of two 323 

thermal events (Baratoux et al., 2019). The first one at 1790 Ma, from the west to the center 324 

of the Amazonia, Libiri in WAC, and some of the Sarmatia dykes in Baltica. The second one 325 

at 1765 Ma, from the youngest swarm of Sarmatia dykes, and within the WAC, the Kedougou 326 

dykes dated at 1764 ± 4 Ma (Baratoux et al., 2019) and the dykes of the Anti-Atlas dated at 327 

1750 Ma (Youbi et al., 2013).  328 
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At about 1520 Ma, another major thermal event having affected the WAC can be 329 

inferred from the similar ages around 1519-1528 Ma recorded for the dyke swarms of 330 

Essakane in the NE of Burkina Faso (1519 to 1525 Ma), of Sambarabougou in the KKI, 331 

Senegal and Mali (1521 Ma) and of Käyser, Suriname, (Baratoux et al., 2019). These authors 332 

suggested that the Essakane-Sambarabougou-Käyser events might be a huge swarm of dykes 333 

of ca. 1519-1528 Ma, associated with a LIP emplacement (Essakane LIP; Ernst and Youbi, 334 

2017) within the Leo Man Shield, to the SW of the WAC and formerly adjacent to the 335 

Amazonia Craton. Note that within the same crustal block, coeval LIP magmatism dated at ca 336 

1500 Ma has been reported in São Francisco (South America) craton (Silveira et al., 2013). 337 

Our K-feldspar 40Ar/39Ar results having recorded two thermal events, together with the 338 

U-Pb ages obtained for dykes in the same area, they can be tentatively interpreted as imprints 339 

of successive arrival of large magmatic systems in the KKI area. However, the WAC and 340 

adjacent cratons did not experience breakup at ~1750 nor ~1500 Ma. The NW of the 341 

Amazonia was linked to the SW of the Baltica from at least 1.8 Ga to at least 0.8 Ga, and the 342 

WAC was probably linked to the NE of the Amazonia and to the SE of the Baltica during the 343 

same period (Johansson, 2009). The Amazonia and the WAC remained linked from about 2.0 344 

Ga until Gondwana breakup in connection with the opening of the Southern Atlantic Ocean at 345 

about 120 Ma. As breakup did not occur within the WAC in the 1800-1500 Ma interval, it is 346 

tempting to propose that the two thermal events identified here in K-feldspar disturbed age 347 

spectra at ~1750 and ~1500 Ma, and coeval dyke swarm emplacements, might instead only 348 

correspond to several aborted attempts of continental breakup. 349 

  350 

6. Conclusion 351 

 352 

New 40Ar/39Ar ages obtained for hornblendes and biotites from the Kedougou Kenieba 353 

Inlier (eastern Senegal), the western-central outcropping part of the West African Craton, 354 

range between 2055 ± 26 and 2028 ± 28 Ma, in agreement with previous results from rocks 355 

asociated with the 2.2 - 2.0 Ga Eburnean Orogeny (Hirdes and Davis, 2002).  356 

Together with the published U-Pb ages, our new 40Ar/39Ar ages show that the 357 

Kedougou Kenieba Inlier was affected by two moderate thermal events reported at the scale 358 

of the WAC at ~1750 and ~1500 Ma. Our well-constrained 40Ar/39Ar biotite and hornblende 359 

ages argue for a relatively fast initial cooling between 5 and 20°C.Myr-1 and rule out the 360 

hypothesis of a significant re-heating event above 300°C after emplacement of the batholith. 361 

On the other hand, disturbance of 40Ar/39Ar K-feldspars age spectra can be explained by 362 
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invoking two re-heating events at ~1750 and ~1500 Ma, with temperatures of about 275 and 363 

225°C, respectively. 364 

Mafic dyke intrusions within Kedougou Kenieba Inlier, previously reported at 1764 ± 365 

4 Ma and 1521 ± 3 Ma from U-Pb ages (Baratoux et al., 2019), could be related to these re-366 

heating events. According to their structural orientation, the first thermal event (~1750 Ma) 367 

can be correlated with the dyke swarm of Tagragra of Akka in Morocco, and the second one 368 

(~1500 Ma) with the dyke swarm of Käyser in Suriname (Baratoux et al., 2019). As the WAC 369 

remained attached to Baltica and Amazonia cratons during the 1.8-1.3 Ga interval (Johansson, 370 

2009), only failed continental rifting events can be inferred from these thermal events 371 

recorded in 40Ar/39Ar K-feldspars age spectra at about 1750 and 1500 Ma. 372 

 373 
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Figure captions 587 

 588 

 589 

Figure 1 590 

a) Geological sketch map of principal areas of the West African Craton. The thick frame 591 

shows the location of Figure 1b 592 

b) Geological map of the studied area within the Kedougou Kenieba Inlier and location of 593 

analyzed samples (modified after Dioh et al., 2006; dyke location after Jessell et al., 2015). 594 

 595 

Figure 2 596 

a) 40Ar/39Ar apparent age spectra determined from Ar isotope data for hornblende and biotite 597 

samples. The plateau age is calculated for steps shown by the arrow. Analytical uncertainty, 598 

and total (i.e. including J-factor error) uncertainty (in parentheses) are given at the two-sigma 599 

level. 600 

b) Same as a) for K-feldspars samples. 601 

 602 
Figure 3 603 

Thermal history of the studied area based on K-feldspar 40Ar/39Ar ages (shown as inserts), and 604 

hornblende and biotite 40Ar/39Ar ages (dashed square). The two thermal events inferred are 605 

shown as 1 and 2. The blue line in each insert shows the modelled age spectra based on this 606 

thermal history. The same activation energy value of 42 kcal.mol-1, the lowermost value 607 

obtained from monotonic cooling modeling, was used for all K-feldspars. Note that it is close 608 

to the average value of 46 kcal.mol-1 derived from a large K-feldspars dataset (Lovera et al., 609 

1997). 610 
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Figure 3 (Sagna et al.)




