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Abstract

The Mayo Kebbi region in SW Chad is part of the NNE-SSW trending Neoproterozoic Central African Fold Belt (CAFB) and is
made up of three calc-alkaline granitoid suites emplaced into a metavolcanic–metasedimentary sequence. The first suite is represented
by mafic to intermediate rocks (gabbro-diorite and metadiorite) emplaced between 737 and 723 Ma during early Pan-African conver-
gence. The second consists of the Mayo Kebbi batholith and includes tonalites, trondhjemites and granodiorites, emplaced during several
magmatic pulses between 665 and 640 Ma. The third suite includes porphyritic granodiorite and hypersthene monzodiorite dated at ca.
570 Ma. The Mayo Kebbi domain extends southward into Cameroon and is interpreted as a middle Neoproterozoic arc stabilized at ca.
650 Ma. This study also revealed a diachronous evolution between Mayo Kebbi and western Cameroon (e.g., the Poli region). The over-
all evolution of this part of the CAFB is interpreted as the result of successive development of magmatic arcs, since ca. 740 Ma, and
tectonic collage of three different domains (Adamawa-Yade, Mayo Kebbi, and West Cameroon) which, after suturing, were intruded
by post-collisional granitoids (<600 Ma).
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The Pan-African history of the mobile belt of central
Africa (Bessoles and Trompette, 1980) resulted from its
south-western insertion and collision, at ca. 600 Ma,
between the Congo and West African cratons (Castaing
et al., 1994; Toteu et al., 2004). The most striking evidence
for this evolution is the presence of crustal-scale strike slip
shear zones, some of which juxtapose crustal segments of
various ages and which are oriented N–S along the eastern
1464-343X/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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border of the West African craton and NE–SW on the
northern margin of the Congo craton. However, this sim-
ple large-scale model appears less obvious in regions far
away from the craton margins, probably due to interfer-
ence of tectonic structures and to the presence of early-
stabilized microblocks (e.g., eastern Hoggar; Caby and
Adreopoloulos-Renaud, 1987). Further difficulties are the
lack of exposures now hidden by Cenozoic sediments and
the fact that some of these regions such as Tibesti, south-
western and eastern Chad (Darfur massif), and northern
Central African Republic (CAR) are poorly surveyed,
and no reliable isotopic data are available. To fill this
gap, we have undertaken an isotopic reconnaissance survey
of southwestern Chad in order to compare and correlate
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this region with northern and central Cameroon. We report
Pb–Pb and U–Pb zircon ages (conventional dissolution and
evaporation technique) and whole-rock Sm–Nd isotopic
systematics of granitoid rocks, which constitute the major
rock units of the region. Our results favour a model of dia-
chronous Pan-African tectonic evolution between SW
Chad and northern Cameroon.

2. Geological setting and previous geochronology

From previous work (Schneider and Wolff, 1992; Kusnir
and Moutaye, 1997; Kasser, 1995; Doumnang et al., 2004)
it is likely that southwestern Chad (also known as Mayo
Kebbi region) is the NE extension of the Poli terrain in
northern Cameroon (Fig. 1). Phanerozoic platform sedi-
ments cover most of the Precambrian basement of the
region, which is dominated by the Mayo Kebbi tonalitic
batholith, emplaced into a medium to high-grade gneiss–
amphibolite complex (Schneider and Wolff, 1992). The
region is also characterized by two NNE-SSW belts of
low- to medium-grade schists (the Zalbi and Goueigou-
doum Groups), of which the Zalbi Group was thrust east-
ward across the gneiss–amphibolite complex and the Mayo
Kebbi batholith (Kasser, 1995). All these rock units are
intruded by post-tectonic granitoids (Zabili granite, Pala
hypersthene monzodiorite and porphyritic granite).

The gneiss–amphibolite complex as defined by Schnei-
der and Wolff (1992) is exposed east of the Zalbi Group
and is also found as numerous xenoliths within the tonalite
batholith. This complex comprises hornblende-biotite
gneisses interlayered with banded amphibolites; the pres-
ence of calc-silicate layers associated with amphibolite sug-
gests that part of this unit is of sedimentary origin.
According to Kasser (1995), and our field observations,
this complex also includes meta-plutonic rocks consisting
dominantly of metadiorites that are associated with minor
gabbros, norites, and peridotites. Kasser (1995) used the
term ‘‘mafic to intermediate complex’’ as equivalent of
the gneiss–amphibolite complex of Schneider and Wolff
(1992). However, because the gneiss–amphibolite complex
is a metamorphosed volcano-sedimentary or sedimentary
sequence, we restrict Kasser’s terminology to the meta-
plutonic rocks associated with the supracrustal sequence.

At the scale of Fig. 1, it has not been possible to distin-
guish the sedimentary sequence from the associated plu-
tonic rocks. Field relationships document that the
metadiorites intruded the amphibolites, and both were
affected by polyphase deformation during amphibolite-
facies metamorphism. However, this penetrative deforma-
tion was not observed in the associated gabbro-diorites,
which display only local shearing. This suggests that the
metadiorites are pre- to syntectonic, whereas the gabbro-
diorites are late tectonic or, alternatively, that both rock-
types underwent heterogenous deformation which was
more intense in the metadiorites. The polyphase deforma-
tion comprises an early flat-lying foliation with early E–
W lineations that were later transposed by upright folds
with N–S to NE–SW axial plane foliations and horizontal
axes.

The Zalbi and Goueigoudoum schists comprise clastic
and epiclastic rocks, interlayered with felsic to mafic meta-
volcanics. The tholeiitic geochemical signature of the meta-
volcanic rocks suggests their development in an island arc
and/or back arc setting (Kasser, 1995; Doumnang et al.,
2004). The Zalbi Group is characterized by a N–S to
NNE–SSW striking foliation containing a steeply plunging
(>50�) E–W stretching lineation with kinematic markers
indicating top-to-the-east reverse movement. This structure
is interpreted to indicate thrusting of the Zalbi Group
(Fig. 1) across the gneiss–amphibolite complex and the
Mayo Kebbi batholith (Kasser, 1995). According to this
author, tectonic lenses of ultramafic rocks demarcate a
nappe front.

The Mayo Kebbi batholith covers more than 50% of the
Mayo Kebbi region and is exposed in its central part. It
is composed of tonalites, trondhjemites and granodiorites
containing large xenoliths of polydeformed banded
amphibolites. The Mayo Kebbi batholith did not undergo
pervasive deformation; however its southeastern border is
highly sheared and was metamorphosed under low-grade
metamorphic conditions close to the sinistral Tcholliré
shear zone (Pinna et al., 1994). The main rock-type is a ton-
alite displaying a steeply dipping magmatic foliation paral-
lel to the regional structure and underlined by mafic
minerals and xenoliths. Within the batholith, sinistral and
dextral shear zones are also observed, suggesting that the
batholith underwent heterogeneous deformation. Some
tonalites are deformed and retrogressed (protomylonite of
Vidal et al., 2004), whereas others were deformed under
low-grade conditions and yet others are undeformed, sug-
gesting that the emplacement of the batholith was broadly
syn- to post-tectonic relative to the deformation observed
in metadiorites and xenoliths of amphibolite. The age of
deformation of the Mayo Kebbi tonalites is given by an
age of 639 ± 20 Ma obtained on the syntectonic Landou
granite (Pinna et al., 1994, see below). Most of these plu-
tonic rocks are calc-alkaline in composition with negative
Nb–Ta anomalies, indicating a subduction-related mag-
matic arc setting (Kasser, 1995; Doumnang et al., 2004).
The post-tectonic granitoids comprise the Pala porphyritic
granodiorite and the hypersthene monzodiorite, among
others, both of calc-alkaline composition, and the Zabili
uraniferous granite.

Few geochronological data are available for the Mayo
Kebbi region. Non-conclusive whole-rock Rb–Sr ages of
538 ± 110 Ma and 683 ± 172 Ma were obtained on a dio-
rite at the Chad-Cameroon border and on the Zabili
granite (Kasser, 1995). However, in Cameroon close to
the border with Chad (Fig. 5), whole-rock Rb–Sr iso-
chron ages of 626 ± 15 Ma and 677 ± 40 Ma were
obtained on the extension of the Pala batholith at Kaele
(Lasserre in Bessoles and Trompette, 1980) and at Sinassi
(Pinna et al., 1994), respectively. Furthermore, Pb–Pb
minimum ages on single zircons (Pinna et al., 1994) were



Fig. 1. Geological sketch map of the Mayo Kebbi and neighbouring regions. (1) Post-Pan-African sediments; (2) late to post-tectonic Pan-African
granitoids; (3) syntectonic granite; (4) Mayo Kebbi batholith: tonalite, trondhjemite and granodiorite; (5) medium- to high-grade gneisses of the Western
Cameroon domain; (6) mafic to intermediate complex of the Mayo Kebbi region (metadiorite and gabbro-diorite) and amphibolite; (7) neoproterozoic
low- to medium-grade volcano-sedimentary sequences: Zalbi, Gouegoudoum and Poli Groups; (8) remobilized palaeoproterozoic Adamawa-Yade
domain; (9) thrust front; (10) strike slip faults; TBZ, Tcholliré-Banyo Shear zone. Inset: location of the study region (solid square) within the network of
the Pan-African belt (2) between the West African and Congo cratons (3); (1) represents post-Pan-African sediments.
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reported on the syntectonic Landou granite
(639 ± 20 Ma), coeval with transpressive deformation in
the Tchollire region, on the post-tectonic Vaimba granite
(557 ± 17 Ma), and on the Gatougel dacitic tuff
(750 ± 20 Ma). These data from neighbouring regions
suggest a range of about 200 Ma for Pan-African tectonic
activity, with some key events (e.g., age of heterogenous
deformation affecting the Mayo Kebbi batholith), consid-
ered as important for the interpretation of our data from
SW Chad.
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Some Sm–Nd isotopic data are available for the exten-
sion of the Mayo Kebbi tonalite in the Tchollire region
(Cameroon), but no emplacement age is available for this
rock. The Doudja tonalite yielded a mean crustal residence
age of 690 Ma with eNd (today) of 0; a xenolith of layered
garnet-biotite gneiss in the tonalite also yielded a mean
crustal residence age of 820 Ma with eNd (today) of +0.9
(Toteu et al., 2001). Pinna et al. (1994) reported a low Sr
initial ratio of 0.7023 for this tonalite. In all, this meagre
set of data supports a juvenile nature for these rocks.
Table 1
Pb isotopic data from single grain zircon evaporation of Chad samples

Sample number Zircon colour and morphology Grain # M
sc

LER 239A Long-prismatic, idiomorphic,
clear to yellow-brown

1 11
2 11
3 10
4 15
5 10

Mean of five grains 1–5 59

LER 241 Long-prismatic, idiomorphic, yellow 1 8
2 8
3 13
4 8
5 11

Mean of five grains 1–5 50

LER 243 Long-prismatic, Often broken,
idiomorphic pink

1 8
2 13
3 12
4 6
5 13

Mean of five grains 1–5 55

LER 244 Short-prismatic to oval,
ends well rounded clear

1 8
2 10
3 10
4 8
5 13
6 13

Mean of six grains 1–6 62

LER 245 Long-prismatic, often broken,
idiomorphic pink

1 17
2 10
3 10
4 13
5 15

Mean of five grains 1–5 67

LER 254 Long-prismatic, idiomorphic, yellow 1 8
2 10
3 15
4 20

Mean of four grains 1–4 54

IG/29 Long-prismatic, idiomorphic, pink 1 11
2 12
3 12
4 15
5 12

Mean of five grains 1–5 64

a Number of 207Pb/206Pb ratios evaluated for age assessment.
b Observed mean ratio corrected for non-radiogenic Pb where necessary. Er
c Error based on reproducibility of internal standard.
3. Samples for geochronology and analytical methods

Samples studied in this paper mostly consist of grani-
toids collected along a broadly E–W traverse from Pala
to Lere at the Chad-Cameroon border (Fig. 1). The follow-
ing rock types were collected: (1) a banded amphibolite
(LER 240) representing the country rock into which the
plutonic rocks are intrusive, (2) a strongly foliated metadi-
orite west of Boloro (LER 244), exposed within the mafic
to intermediate complex and containing xenoliths of
ass
ansa

Evaporation
temp. in �C

Mean 207/Pb/206Pb ratiob

and 2-rm error

207Pb/206Pb age
and 2-rm error

6 1593 0.059084 ± 57 570.2 ± 2.1
4 1596 0.059093 ± 46 570.1 ± 1.7
8 1595 0.059102 ± 44 570.9 ± 1.6
0 1600 0.059111 ± 30 571.2 ± 1.1
4 1594 0.059088 ± 34 570.4 ± 1.3
2 0.059097 ± 19 c570.7 ± 1.0

6 1598 0.060992 ± 57 639.0 ± 2.0
7 1598 0.060979 ± 50 638.5 ± 1.8
2 1600 0.060964 ± 36 638.0 ± 1.3
6 1597 0.060972 ± 53 638.2 ± 1.9
0 1599 0.060989 ± 48 638.8 ± 1.7
1 0.060978 ± 21 c638.5 ± 0.9

6 1600 0.063454 ± 55 723.5 ± 1.8
2 1598 0.063432 ± 36 722.7 ± 1.2
8 1599 0.063444 ± 36 723.1 ± 1.2
5 1598 0.063438 ± 56 722.9 ± 1.9
9 1600 0.063459 ± 37 723.6 ± 1.2
0 0.063446 ± 24 c723.2 ± 0.9

0 1598 0.063854 ± 46 736.8 ± 1.5
3 1600 0.063837 ± 38 736.2 ± 1.3
0 1599 0.063849 ± 42 736.6 ± 1.4
3 1598 0.063876 ± 42 737.5 ± 1.4
0 1600 0.063883 ± 49 737.8 ± 1.6
0 0.063864 ± 43 737.1 ± 1.4
6 0.063861 ± 18 c737.0 ± 0.9

4 1600 0.063527 ± 47 725.9 ± 1.6
7 1598 0.063514 ± 38 725.5 ± 1.3
6 1599 0.063502 ± 43 725.1 ± 1.4
1 1600 0.063522 ± 40 725.8 ± 1.3
2 1598 0.063518 ± 31 725.6 ± 1.0
0 0.063518 ± 18 c725.6 ± 0.9

7 1598 0.061726 ± 51 664.1 ± 1.8
7 1600 0.061734 ± 45 664.9 ± 1.6
2 1599 0.061740 ± 39 665.1 ± 1.4
0 1598 0.061718 ± 32 664.4 ± 1.1
6 0.061729 ± 20 c664.7 ± 0.9

7 1599 0.060224 ± 44 611.6 ± 1.6
7 1598 0.060249 ± 42 612.5 ± 1.5
5 1603 0.060229 ± 29 611.8 ± 1.1
0 1600 0.060246 ± 32 612.4 ± 1.1
8 1599 0.060235 ± 24 612.0 ± 0.8
7 0.060237 ± 15 c612.1 ± 0.9

rors based on uncertainties in counting statistics.
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amphibolite and locally deformed gabbro-diorite (LER 242
and 243) at Boloro; (3) in the Mayo Kebbi batholith, a
mylonitized tonalite (LER 254) at Gauthiot falls, a
deformed tonalitic vein (LER 253) cross-cutting amphibo-
lite at Elbore, and an undeformed tonalite (LER 241) at
Matanseng; (4) a porphyritic granite (LER 239A) and a
hypersthene monzodiorite (LER 238) at Pala from the
post-tectonic granitoid suite. To complete a robust correla-
tion with Cameroon, one additional sample of metadiorite
(IG-29) was collected at Badjouma. Except for sample
LER 240, which did not yield enough zircons, two samples
were analyzed for U–Pb by isotopic dilution (LER 238 and
LER 253), whereas the others were analyzed by the Pb–Pb
Fig. 2. Histograms showing distribution of radiogenic lead isotopic ratios deri
region, SW Chad. (a) Spectrum for six grains from metadiorite sample LER-244
gabbro-diorite sample LER-245, integrated from 670 ratios; (c) spectrum for s
550 ratios; (d) spectrum for five grains from undeformed tonalite sample L
retrogressed tonalite sample LER-254, integrated from 546 ratios; (f) spectrum
from 592 ratios; (g) spectrum for five grains from metadiorite sample IG-29, i
single zircon evaporation technique. Four samples (LER
240, LER-241, LER 243 and LER 244) were selected for
Sm–Nd whole-rock isotopic analysis.

Single zircons from samples above were analyzed on a
Finnigan-MAT261 mass spectrometer at the Max-Planck-
Institut für Chemie in Mainz, Germany, using the evapora-
tion technique developed by Kober (1986, 1987). Our ana-
lytical procedures are detailed in Kröner and Hegner
(1998), and data acquisition was by magnetic peak switch-
ing using the electron multiplier. The calculated ages and
uncertainties are based on the means of all ratios evaluated
and their 2r (mean) errors. The results are listed in Table 1
and displayed in the histograms of Fig. 2.
ved from evaporation of single zircons from granitoids of the Mayo Kebbi
, integrated from 626 ratios; (b) spectrum for five grains from underformed
ix grains from deformed gabbro-diorite sample LER-243, integrated from
ER-241, integrated from 501 ratios; (e) spectrum for four grains from

for five grains from porphyritic granodiorite sample LER-239A, integrated
ntegrated from 647 ratios.



Fig. 2 (continued)
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Since the evaporation technique only provides Pb isoto-
pic ratios, there is no a priori way of determining whether a
measured 207Pb/206Pb ratio reflects a concordant age. Thus,
all 207Pb/206Pb ages determined by this method are, by def-
inition, minimum ages. However, there is a strong likeli-
hood that evaporation data represent true crystallization
ages when (1) the 207Pb/206Pb ratio does not change with
increasing temperature of evaporation and/or (2) repeated
analysis of grains from the same sample at high evapora-
tion temperatures yields the same isotopic ratios within
error. The rationale behind this is that it is highly unlikely
that each grain in a zircon population would lose exactly
the same amount of radiogenic Pb, and that grains that lost
Pb appreciably before this would therefore yield variable
207Pb/206Pb ratios and ages. Comparative studies have
shown this inference to be reasonably reliable (e.g., Jaeckel
et al., 1997; Karabinos, 1997; Kröner et al., 1999, 2001).

U–Pb and Sm–Nd analytical data were obtained at the
Isotopic Geochemistry Laboratory (IGL) at the University
of Kansas, USA, following a procedure described by Toteu
et al. (2001). U–Pb analyses were performed on single
grains, and all samples were spiked with a 205Pb–235U tra-
cer prior to dissolution. Regression and concordia intercept
calculations were performed using the Excel spreadsheet
program Isoplot 3.0 of Ludwig (2003). The analytical data
are listed in Table 2 and are graphically displayed in Figs. 3
and 4.

4. Results

4.1. Metadiorite at Boloro (LER-244)

The sample was collected in a well-exposed outcrop west
of Boloro village (Fig. 1). The metadiorite intrudes a vol-
cano-sedimentary sequence, represented by xenoliths of
banded amphibolites, and both underwent a similar two-
phase deformation. Thus, emplacement of the metadiorite
fixes the maximum age for this deformation. The zircons
constitute a homogenous population of translucent and
euhedral grains free of inclusions. Evaporation of six grains
yielded a mean 207Pb/206Pb age of 737 ± 0.9 Ma (Table 1,
Fig. 2(a)), which we consider to approximate the age of
emplacement of the metadiorite protolith.

4.2. Gabbro-diorite suite (LER 243 and 245)

Sample LER-243 was collected at Boloro village and
LER-245 about 2 km south of the village (Fig. 1). Both
samples have similar mineral compositions, but LER-245
is richer in biotite, whereas LER-243 contains more clino-
pyroxene. On the other hand, small-scale N50E striking
sinistral shear zones filled by quartz and epidote locally
affect these rocks; in this case, the deformed rock is charac-
terized in thin section by large crystals of zoned plagioclase
surrounded by fine-grained recrystallized hornblende, bio-
tite, quartz and epidote. This implies that LER-243 and
245 are part of a granitoid body that underwent solid-
state deformation. Samples collected for dating were not
deformed. Zircons extracted from both samples are similar
and comprise homogenous, pink, long-prismatic or broken
grains. A few grains with inclusions are also present but
were not selected for dating. Evaporation of five grains
of LER-243 yielded a mean 207Pb/206Pb age of
723.2 ± 0.9 Ma, whereas five grains of LER-245 produced
a virtually identical age of 725.6 ± 0.9 Ma (Table 1,
Fig. 2(b) and (c)). These consistent ages are interpreted
to reflect the time of emplacement of the gabbro-diorite
suite.

4.2.1. Tonalites (LER-241, LER-253 and LER-254)

Sample LER-241 was collected in a river bed at
Matanseng village south of Lere (Fig. 1). It represents an



Fig. 3. Cathodoluminescence image of zircons from tonalite sample LER-
241 at Matanseng, SW Chad.
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undeformed, coarse-grained, leucocratic rock rich in large
crystals of sphene. In contrast, sample LER-254, collected
at Gauthiot Falls on the Mayo Kebbi River (Fig. 1), is a
greenish-coloured tonalite (abundance of retrograde epi-
dote), which was described as a protomylonite (Vidal
et al., 2004). Sample LER-253 is a deformed metre-wide
tonalitic dyke within banded amphibolite at Elbore; the
dyke crosscuts amphibolite and has experienced only the



Table 3
Sm–Nd analytical data for whole rocks of Mayo Kebbi (SW Chad) and adjacent region in Cameroon regions

Sample Rocks type Sm (ppm) Nd (ppm) 147Sm 144Nd 143Nd 144Nd eNd (today) Age (Ga) eNd (t) TDM (Ga)

LER-241 Tonalite 1.93 10.49 0.11120 0.512611 ± 16 �0.5 0.639 +6.5 0.66
LER-243 Qaurtz-gabbro 4.90 25.67 0.11554 0.512559 ± 08 �1.5 0.723 +6.0 0.76
LER-244 Metadiorite 2.58 10.19 0.15298 0.512804 ± 09 +3.3 0.737 +7.4 0.62
91-4a Metatonalite 2.89 14.48 0.1215 0.512640 ± 12 0.00 0.70 +6.8 0.69
91-2a Grt-Bio gneiss 2.34 9.86 0.1445 0.512685 ± 16 0.9 0.70 +5.6 0.82

143Nd/144Nd normalized to 146Nd/144Nd = 0.72190. eNd(0) calculated relative to CHUR(0) = 0.512638. Model ages (TDM) were calculated according to
the single-stage model of DePaolo (1981). Primary ages used for eNd(t) is the emplacement age (Ga) where available.

a Data from Toteu et al. (2001).
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latest phase of deformation. Zircons extracted from the
three samples are similar and display a homogenous, clear,
euhedral and well faceted pink population. Under cathodo-
luminescence, zircons from LER-241 show magmatic oscil-
latory zonation (Fig. 3). Five grains of LER-241 and five
grains of LER-254 yielded mean 207Pb/206Pb ages of
638.5 ± 0.9 Ma and 664.7 ± 0.9 Ma, respectively (Table 1,
Fig. 2(d) and (e)). Five single zircons from sample LER-
253 were analyzed by isotope dilution (Table 2,
Fig. 4(a)), and the results yielded three concordant analyses
with a mean 207Pb/206Pb age of 649 Ma. One analysis plots
slightly above Concordia, whereas one is discordant.
Regression of all analyses yielded an upper Concordia
intercept age of 649.1 ± 2.1 Ma. In view of the simple,
magmatic nature of zircons, we interpret the ages as
approximating emplacement of the tonalites.

4.3. Porphyritic granodiorite (LER-239A)

The prophyritic granodiorite crops out as hillocks
around the town of Pala, and sample LER-239A was col-
lected NE of the town (Fig. 1). It is an undeformed rock
displaying magmatic layering defined by pink K-feldspar
megacrysts and mafic xenoliths. The zircons are long-pris-
matic and clear to yellow-brown. Under cathodolumines-
cence, they display a well-developed magmatic zoning.
Evaporation of four grains yielded a mean 207Pb/206Pb
age of 570.7 ± 1 Ma (Table 1, Fig. 2(g)), which is consid-
ered to reflect the time of emplacement of the granodiorite
and post-dating regional deformation.

4.4. Hypersthene monzodiorite (LER-238)

The sample was collected from a hillock NE of Pala
town along the Fianga road (Fig. 1). It is a massive rock
containing xenoliths of more mafic rocks. Zircons appear
as broken prismatic grains with purple colour and no inclu-
sions. Under cathodoluminescence, magmatic zoning is
poorly visible. Four single zircons were analyzed by the iso-
topic dilution method. The results (Table 2) are plotted on
the concodia diagram (Fig. 4(b)) and define an imprecise
upper concordia intercept age of 567 ± 15 Ma, comparable
to the age of zircons in sample LER 239A and suggesting
that emplacement of both rock-types was coeval.
4.5. Metadiorite (IG-29)

This sample was collected in a river bed at Mayo
Badjouma north of Garoua (Cameroon, see Fig. 1) in
order to correlate the age of the regional deformation in
Cameroon and Chad. The sample belongs to an intrusive
unit emplaced into a D1–D2 poly-deformed country rock,
but was only affected by the second phase. It comes from a
large outcrop composed of diorite and transformed into
orthogneiss under amphibolite-facies conditions. The stee-
ply dipping D2 foliation, underlined by elongated K-feld-
spar, biotite, amphibole and mafic xenoliths, is axial
planar to folds marked by leucocratic veins. Late shear
zones filled with epidote crosscut this foliation. Evapora-
tion of five grains yielded a mean 207Pb/206Pb age of
612.1 ± 0.9 Ma (Table 1, Fig. 2(g)) which is considered to
reflect emplacement of the diorite and fixing the maximum
age for regional D2 deformation.

4.6. Sm–Nd results

Among the four samples selected for Nd isotopic analy-
sis, the amphibolite (LER-240) did not contain enough Nd
to permit determination of a precise isotopic ratio. The
other three samples (LER-241, 243, and 244) yielded Neo-
proterozoic TDM mean crustal residence ages of 0.66, 0.76
and 0.62 Ma, respectively with eNd(t) between +6 and +7.4
(Table 3). These data are consistent with previous results
from the Tchollire region (Table 3) and indicate that the
granitoids were derived from a juvenile Neoproterozoic
source. Although we do not have a U–Pb age on the host
rock (e.g., amphibolite), the data available from Cameroon
also suggests a Neoproterozoic crustal residence age.

5. Discussion

5.1. Emplacement of the plutonic suites

Our new data for the Mayo Kebbi region and previous
ages available from Cameroon close to the Chadian border
are shown in Fig. 5. The first inference drawn from our
data is that the Mayo Kebbi region is composed of Neo-
proterozoic juvenile granitoids that were emplaced into
Neoproterozoic host rocks during several magmatic pulses



Fig. 5. Geological sketch map of the Mayo Kebbi and neighbouring regions, synthesizing previous (in parentheses) and new geochronological data (zircon
ages in plain text and TDM ages in italic). Legend same as in Fig. 1, but pattern 3 and 8 have been removed.
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between 737 and 570 Ma. These ages define three groups as
follows: 737–723 Ma reflects emplacement of the mafic to
intermediate complex; 665–638 Ma reflects the time of
emplacement of the Mayo Kebbi batholith; and ca.
570 Ma reflects emplacement of post-tectonic granitoids.
Although no age is available for the Zabili granite, we sug-
gest that it belongs to the youngest group. We stress here
that the magmatic episodes defined above are not based
on a extensive sampling and that the emplacement of plu-
tonic rocks may have been continuous, in particular
between the emplacement of tonalites (ca. 640 Ma) and
that of porphyritic granites (570 Ma).

Because of its intermediate structural position, the
Mayo Kebbi batholith is a key unit to interpret our data.
In order to date emplacement of the batholith and associ-
ated deformation, three samples were analyzed, namely



Development of Mayo
Kebbi magmatic arc 
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Collage with the 
Adamawa-Yade domain 

(650-640 Ma)

post-collisional events
(e.g., 570 Ma)

Development of Poli 
magmatic arc 

(since ca 700 Ma) 

Final collision with the 
West-Cameroon domain 

(after 612 Ma)

Poli Domain Mayo Kebbi Domain

A

B

C

Fig. 6. Diagram showing model for tectonic evolution of the Mayo Kebbi
and neighbouring regions: (A) Mayo Kebbi magmatic arc; (B) Poli
magmatic arc; (C) Adamawa-Yade remobilized basement.
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the retrogressed tonalite LER 254 from Gauthiot Falls
(664.7 ± 0.9 Ma), the deformed tonalitic vein LER 253
from Elbore (649.1 ± 2.1 Ma), and the undeformed LER
241 tonalite from the Matanseng River (638.5 ± 0.9 Ma).
These data indicate that emplacement of the Mayo Kebbi
batholith occurred during several magmatic pulses before,
during and after the major phase of deformation observed
in the amphibolites. The batholith is affected by a heterog-
enous deformation, which has been dated at 639 ± 0.9 Ma
(Pinna et al., 1994) by the Landou granite, emplaced during
the transpressive deformation in the Tcholliré region. Since
the undeformed Matanseng tonalite was dated at
638.5 ± 0.9 Ma, we consider 639 ± 0.9 Ma as the best esti-
mate for the transpressive deformation which probably
began earlier at ca. 650 Ma.

The age range of 737–723 Ma is recorded in the mafic to
intermediate rocks that display polyphase penetrative
deformation (metadiorite, e.g., LER 244; 737 ± 0.9 Ma)
and on undeformed or locally sheared rocks (LER-
243 = 723.2 ± 0.9 Ma and 245 = 725.6 ± 0.9 Ma). This
confirms the pre-tectonic setting of the mafic to intermedi-
ate rocks. The metadiorites and gabbro-diorites appear to
constitute a suite of pre-tectonic calc-alkaline magmatic
rocks emplaced into the amphibolite–gneiss complex prior
to intrusion of the Mayo Kebbi tonalite. On the other
hand, the age of metadiorite sample LER-244 fixes the min-
imum age of deposition for the protolith of the amphibo-
lite–gneiss complex; a Pb–Pb zircon age of 750 ± 20 is
available on the Gatougel dacitic tuff (Fig. 5, Pinna et al.,
1994). The small age difference between the emplacement
age of plutonic rocks and that of zircon on tuff suggests
that both rock types may belong the same plutono-volcan-
oclastic sequence.

Ages of ca. 570 Ma are recorded for the porphyritic
granodiorite and the Pala hypersthene monzodiorite, which
correspond to post-tectonic, calc-alkaline plutonism. A
similar age, although imprecise, was recorded for the
Vaimba granite (Pb–Pb age of 557 ± 17 Ma and Rb–Sr
age of 568 ± 57 Ma, Pinna et al., 1994).

5.2. Correlation with the Poli region

The age of 612.1 ± 0.9 Ma obtained on metadiorite at
Badjouma fixes the maximum age of D2 regional foliation
on the Cameroonian side (Toteu et al., 2004) and eastward
overthrusting of the Zalbi Group. This is consistent with
the age range of 633–620 Ma obtained on syn-D1 mafic
to intermediate plutons farther south in the Poli region
(Toteu et al., 1987). It appears that, plutonic rocks
emplaced at ca. 638 Ma in the Mayo Kebbi region did
not record deformation, whereas on the Cameroon side,
plutonic rocks emplaced at 633 Ma have undergone defor-
mation which was still active after ca. 612 Ma. We con-
clude that the tectonic activity began and ended earlier in
the Mayo Kebbi region than in the Poli region, implying
a diachronous tectonic evolution between both regions,
which are now welded together.
5.2.1. Tectonic evolution of SW Chad and northern

Cameroon

The scenario proposed for the development of this part
of central African belt is a successive tectonic collage of
three different domains (Fig. 6): the Adamaoua-Yadé
domain, which consists of ca. 2.1 Ga remobilized crust
(Toteu et al., 2004) juxtaposed with the Mayo-Kebbi
domain along the Tcholliré shear zone at ca. 640 Ma; this
juxtaposition may represent the final stage of a process
which began with the development of a plutono-volcanic
arc and associated clastic deposits (since at least ca.
740 Ma), and its docking against the Adamawa-Yade
microcontinent. Juxtaposition of the Mayo Kebbi and
Adamawa-Yade domains coincided with the onset of tec-
tonic activity in the West Cameroon domain composed
essentially of Neoproterozoic juvenile rocks (Toteu et al.,
2001; this issue). Its accretion onto the previously amal-
gamated block after 612 Ma is probably subsequent to
E–W collision witnessed by widespread migmatites in the
West Cameroon domain. Porphyritic granitoids of Pala
type are ubiquitous in all three domains. Although isotopic
ages are scarce for these rocks, particularly in the Adam-
aoua-Yadé and the Poli domains, they occupy the same
structural position (e.g., post-tectonic), consistent with
their emplacement after 600 Ma (see, for example, Ferré
et al., 2002, in eastern Nigeria). This suggests that this
group of granitoids postdates the final tectonic collage of
different terranes around 600 Ma, which created the pres-
ent structural configuration of the belt.



Fig. 7. Geological sketch map of central Africa showing the Massenia-Ounianga heavy gravity anomaly in Chad and its possible southward prolongation
along the Tchollire terrane boundary. Dots represent post-Pan-African sediments.
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6. Conclusions

The ages reported in this paper constitute the first reli-
able data for SW Chad. Comparing these results with those
available for northern Cameroon, we can draw the follow-
ing conclusions.

The Mayo-Kebbi region is a Neoproterozoic domain
extending southwards into the Tcholliré region of
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Cameroon. From the calc-alkaline geochemistry and the Sr
and Nd isotopic composition of the main rocks types, the
Mayo Kebbi domain can be assigned to an early Pan-
African arc, possibly related to a nearby subduction. The
major magmatic event recorded in this domain since ca.
737 up to ca. 640 Ma witnessed convergence which led to
an early collage with the Adamaoua-Yade domain. The
Tcholliré shear zone, which underlies the contact between
the two domains, has been described as a terrane boundary
(Pinna et al., 1994; Toteu et al., 2001) and probably corre-
sponds to the southern prolongation of the positive gravity
anomaly (Fig. 7) identified in Chad (Louis, 1970). Data are
lacking to determine whether the Adamaoua-Yade domain
includes the central and Waddai massifs in Chad. The
Mayo Kebbi domain underwent a long post-arc evolution
characterized by transpressional deformation (ca. 640 Ma)
and emplacement of several calc-alkaline plutons after
640 Ma. Juxtaposition of the Poli domain with the previ-
ously accreted block (Mayo Kebbi-Adamawa-Yade)
occurred after 612 Ma, when tectonic activity already had
terminated in the Mayo Kebbi Domain.

A diachronous evolution and tectonic collage described
in this paper may not be a unique case in the Pan-African
belt (Caby and Adreopoloulos-Renaud, 1987). Despite
meagre geochronological data, the Tibesti massif of Libya
is a potential case for two amalgamated Neoproterozoic
orogenic belts intruded by late Pan-African granitoids
(Pegram et al., 1976; El-Makhrouf, 1988; Suayah et al., this
issue). Looking at the data reported in this paper, we sug-
gest that the Sahara metacraton (Abdelsalam et al., 2002)
not only includes ancient microblocks but also Neoprote-
rozoic micro-oceanic and/or micro-continental arcs that
successively formed and accreted since the early Neoprote-
rozoic prior to final collision at ca. 600 Ma. This scenario is
comparable to the evolution of the Arabian-Nubian shield
(Stern, 1994; Johnson and Woldehaimanot, 2003; Kröner
and Stern, 2004).
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Ferré, E., Gleizes, G., Caby, R., 2002. Obliquely convergent tectonics and
granite emplacement in the Trans-Saharan belt of Eastern Nigeria: a
synthesis. Precambrian Research 114, 199–219.
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Kröner, A., Jaeckel, P., Brandl, G., Nemchin, A.A., Pidgeon, R.T., 1999.
Single zircon ages for granitoid gneisses in the Central Zone of the
Limpopo belt, southern Africa, and geodynamic significance. Pre-
cambrian Research 93, 299–337.
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Tchad). In: IGCP-470 Second Annual Field Conference, Garoua,
Cameroon, Abstract-vol., p. 9.


	Evolution of the Mayo Kebbi region as revealed by zircon dating: An early (ca. 740Ma) Pan-African magmatic arc in southwestern Chad
	Introduction
	Geological setting and previous geochronology
	Samples for geochronology and analytical methods
	Results
	Metadiorite at Boloro (LER-244)
	Gabbro-diorite suite (LER 243 and 245)
	Tonalites (LER-241, LER-253 and LER-254)

	Porphyritic granodiorite (LER-239A)
	Hypersthene monzodiorite (LER-238)
	Metadiorite (IG-29)
	Sm-Nd results

	Discussion
	Emplacement of the plutonic suites
	Correlation with the Poli region
	Tectonic evolution of SW Chad and northern Cameroon


	Conclusions
	Acknowledgements
	References


