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ARTICLE INFO  ABSTRACT  
 

 
 
 

The Mayo kebbi  mafic-ul tramafic int rusions  are represented  by gneiss–amphibolite complex, which  is 
exposed east of the Zalb i Group. They  consist main ly  of gabbro-diorite, amphibolites, gneiss 
amphibole, hornblendite and pyroxenite. The mineral assemblages are characterised by amphibole 
(hornblende), plagioclase, pyroxene and chlorite. Our elect ron  microprobe analysis showed that , the 
most of mafic –ul tramafic rock mineral are calcic-amphoble. Where hornblende are more Magnesio 
(Fe2+<Mg) than ferro-hornblende, this is may be due to the lack  of the hydrothermal alteration of 
clinopyroxene. Cathodoluminescence image of zircon from the amphibolites reveal magmatic 
oscillatory  zoning  with inherited  cores and high ratio U/Th (0.14  - 1.75), imply their magmatic origin . 
The LA-ICP-MS zircon U-Pb isotopic Concordia diagram yield an age of 692±11 Ma (MSWD = 1.3), 
718.4 ± 8.2Ma (MSWD=0.46), 691±4.7 Ma (MSWD = 0.43) and 800 .7 ± 6.7 Ma (MSWD=0.46). We 
can interpret as the emplacement  age of the gabbro in Mayo Kebbi area.The igneous  complexes were 
derived  from a juvenile Neoproterozoic source. Geochemistry  and  tectonic setting indicated  that the 
amphibolites rocks from Mayo kebbi are derived from volcanic arc basalt. Tectonic discrimination 
diagrams using chemical  att ributes suggest  a tholeiiti c to calc-alkaline affinity  for the mafic intrusive 
and  probably  formed in  back arc setting . All of theserocks  have very low rare earth  element 
fractionation  ((La/Yb) N= 0.41 to 1.68). They  are depleted  in LREE which  are derived from same 
parental  magmas.   
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INTRODUCTION 
 
Situated in the border part of the heterogenous Saharan metacraton 
Abdelsalam et al. (2002), the Mayo Kebbi orogenic belt is one of an 
important  metal logenic belt  in Chad According to  Abdelsalam et al. 
(2002), the Saharan Metacraton  is  essentially Archaean and 
Palaeoproterozoic continental  crusts  that has been overprinted  by 
Neoproterozoic tectono-metamorphic events and also  contains 
Neoproterozoic juvenile material. Many economic deposits are 
founded along  southern  margin:  gold , uranium, copper, chromium, 
nickel  and platinum Index. The exposed  part of th is  terrane is made 
up  by metavolcanics  and metasedimentary intruded by late-to post -
tectonic granites and diorites  mos t of which  have different radiometric 
age (Doumnang et al., 2004 and Penaye et al., 2006). The Mayo kebbi 
igneous  complex is  poorly  surveyed , particularly  regard to 
geochronological and geochemical  studies. The mafic to intermediare 
complex correspond to G1 Group which  is  characterized  by 
compressional  deformation and shearing.   

 
 
 
It consists of protomylonitic to mylonitic kilometre-scale int rusions  of 
gabbroic to dioritic rocks located at the borders of the Zalbi Basin 
(Penaye et al., 2006). This complex also includes meta-plutonic rocks 
consisting  dominantly  of metad iorites 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). All  these rock units are 
in truded  by post -tectonic granitoids  (Penaye et al., 2006). The gneiss–
amphibolite complex as defined  by  Schneider and  Wolff (1992) is 
exposed east of the Zalbi Group and  also  found as numerous  xenoliths 
wi thin the tonalite batholith . This complex comprises hornblende-
biotite gneisses interlayered with banded  amphibolites; the presence 
of calc-si licate layers associated  with amphibolite suggests that part of 
th is unit  is o f sedimentary origin (Penaye et al., 2006). In the present 
study , except the field observations , geochronological and 
geochemical  data of the igneous rocks in the Mayo Kebbi region , 
Southwestern Chad  need to be addressed in order to understand thei r 
signi ficance and  discuss  their tectonic setting  in  the Pan-African 
orogens. 
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Regional geology: The Mayo Kebbi  massif south  west  Chad  is 
si tuated  in the border part of the Saharan metacraton that lies between 
the Congo craton in  the south and  the Nigerian Shield  in  the west 
(Liégeois , J.P et al., 2012). (Fig .1). A series of upli fted  areas within 
the Saharan metacraton including Mayo Kebbi , Chad Massif Cent ral, 
Waddaï , Darfur to  Bayuda (Fig . 1) display similar characteristics: (1) 
the presence of metamorphic Palaeoproterozoic and Archean 
protoliths (Adamawa-Yade block  in Mayo Kebbi; P enaye et al., 2006; 
Pouclet et al., 2006), (2) the presence of overthrust island arc 
li thologies towards the Saharan  metacraton (Pouclet et al., 2006) and 
(3) the presence of Neoproterozoic high-K calc-alkaline batholiths 
main ly  of crustal origin ( Liégeois , J.P et al., 2012). The Mayo Kebbi 
mass if is  described  as a juvenile Neoproterozoic crust (Penaye et al., 
2006;  Pouclet  et al., 2006) which belongs, together with  the Yade 
mass if, to the Cent ral African Orogenic Belt (CAOB) (Isseini, M et 
al., 2012). The mag matic rocks outcropping in the Mayo Kebbi mass if 
have been recently interpreted as resulting from Neoproterozoic 
juvenile accretion in an arc setting (Kasser, 1995; Pouclet et al., 
2006). This terrane represents  an active margin system that was 
accreted onto the Adamaoua-Yade continental  block along the 
Tcholli re tectonic zone during the WNW–ESE compressional event 
(Penaye et al., 2006). The mayo kebbi batholit consists of a variety of 
more or less deformed rocks types. The various lithologies are 
dominant  by green rock (Zalbi Serie), biotite granite, oriented granite, 
quartz dioritic, pyroxenite, gneiss amphibolite (Figure 2). The mafic–
ul tramafic body is a Neoproterozoic intrusion , as indicated by the 
most recent geochronological  data 777±5 (zircon U-Pb; Doumnang 
2006). 
 

 
 

Fig . 1. Main rheological domain of Saharan Africa  centered on 
the Saharan metacraton Showing the study areas (After Liégeois , 
J.-P., et al., 2012  (Milesi  et al.,2010), Fezaa et al. (2010),  Küster et 

al . (2008), (Cratchley et al ., 1984) 
 

Petrography: Based  on the pet rographical  observations, the 
amphibolites of the study  area exhibit  fine-medium and  medium 
coarse-grained  mass ive or phorphyry  texture. The rock contain  mainly 
pyroxenes , amphibole (hornblende), feldspars (plagioclase and K-
feldspars), biotite, epidote, actinole, magnetite and quartz. Plagioclase 
up  to 2mm in  size is the most abundant  phenocryst  phase in the all 
samples of mafic ul tramafic in trusive rocks. They  are generally 
euhedral to lath  shape. The presence of feldspar in the rock  samples 
are wel l matched with positive Eu anomaly  in  the REE 
pattern .Massive amphibolites  coarse –grained mass ive (Fig.3. a) or 
phorphyry texture and  mainly  contain plagioclase (35-40  vol %) 
hornblende (40-45  vol %) biotite (5-15  vol %) and  quartz (5 vol %) 
these biotites are altered to chlorite and epidote. Accessory  minerals 
include epidote, zircon, apatite, pyrite and magnetite. 
Hornblende occurs in  the locality as transparent euhedral to 
subheudral phenocryst . Pyroxenes are mos t abundant phenocryst  in 
some samples sometimes altered to hornblende and  actinolite. The 
in trusive contains  minor interstitial  quartz, which  has a round shape 
(Fig .3. B).  

 
 

Fig .2. Geological and mineral resources map of the Mourbamé 
Sector, South Léré Lake (After Courtesy A. Beauvilain 1995 

CNAR) 
 
Accessory minerals include epidote, zircon, apatite, pyrite and 
magnetite. Ilmenite, magnetite and tit anomagnetit appear as opaque 
minerals.  The rock samples have a porphyritic texture with  large 
euhedral clinopyroxene and rare plagioclase phenocrysts set in a fine-
grained  groundmass  made up of euhedral plagioclase, amphibole, 
quartz and K-feldspar (Fig . 3 c). In addition, plagioclase phenocrysts 
are generally well preserved throughout  the hole;  they often  are 
to tally  transformed in to pseudomorphic chlorite aggregates .  In other 
cases, pyroxene is almos t completely replaced by actinolite, starting 
from the rims, but occasionally leaving intact little pyroxene portions 
in  which the typical  high  interference colors  are preserved  (Fig. 3 
d).In the hand specimen layered amphibolites show fine textureand 
main ly  contain: hornblende (50-55 vol  %), plagioclase (25-30 vol %) 
chlorite (5-15  vol %) and oxides.Accessory minerals include epidote, 
zircon, apatite, and magnetite (Fig. 3 e).  
 
The pyroxenite rock samples have a porphyritic texture with large 
euhedral clinopyroxene and rare plagioclase phenocrysts set in a 
fine-grained groundmass made up of euhedral plagioclase, 
amphibole, quartz and K-feldspar (Fig.4 a.b). In addition, 
plagioclase phenocrysts are generally well preserved throughout 
the hole; they often are totally transformed into pseudomorphic 
chlorite aggregates.  In other cases, pyroxene is almost completely 
replaced by actinolite, starting from the rims, but occasionally 
leaving intact little pyroxene portions in which the typicaly high 
interference colors are preserved (Fig.4.c). Hornblende rocks have 
fault texture and shows granular crystalline of hornblende (85-
90%), epidote (3-5%) and relic pyroxenes (3-5%) ((Fig.4.e). 
 
Electron microprobe analysis: The electron probe analysis  was done 
by  Japan Electronics (JEOL) JXA-8230 electron probe micro-
analyzer in  the Bureau of China Metallurgical Geology, Shandong 
Test  Center.  
 
The Analytical conditions are  operating voltage: 20kv sulfur 
oxides 15KV with Current of 20nA and analysis of the beam spot 
is 1um-5um. Integration time of major elements (content greater 
than 1%) peak integration time is 10s and background integration 
time 5s. Microelements peak integration time is 20s, background 
integration time 10s. Standard sample selection and test ideas:  
 
American SPI standard sample selection criteria and  metallic mineral 
standards , standard test  conditions consistent  with  the unknown 
samples, to ensure the stability of standard samples were tested for 
each standard five point standard  test  count  rate stable and reliable. 
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Fig . 3 . Photograph of  Doue South Léré Lake (a) massive banded 
amphibolite, (d) gneissic amphiboli te (b), (c) polarized 
photomicrograph of  massive a amphiboli tes, (e) polarized 
photomicrograph of  gneiss amphibole showing  Hbl: hornblende, 
Pl: plagioclase Amp: amphibole and Qtz: quartz 
 

 

 
 

Fig . 4. FieldPhotograph of  Doue South Léré Lake (a) massive 
pyroxene - amphibolite, (d) euhedral to subhedral hornblende 
xenocryts in amphibolite (b), (c) polarized photomicrograph of  

mass ive pyroxene-amphiboli tes, (e): fault texture of  amphiboli tes, 
showing :  Hbl : hornblende, Tr : tremolite, pl : plagioclase, Qtz : 

quartz,  Ac : Actinole, Cpx : Clinopyroxene 

Our elect ron microprobe analysis showed that , the most of mafic –
ul tramafic rock mineral are calcic-amphoble. Where hornblende are 
more Magnesio (Fe2+<Mg) than ferro-hornblende, this is may be due 
to  the lack of the hydrothermal alteration of clinopyroxene.  
 

 
 

Fig .5. Map of sampling and outcropping 
 

In clear contrast, secondary amphibole formed at the expense of 
clinopyroxene of mafic ultramafic rock is mos tly  tremol ite, actinolite 
(Fig .6.) 
 

 
 

Fig .6: Compositional ranges of magmatic Ca-amphiboles f rom 
the mafic ultramafic rocks of  Mayo Kebbi expressed in the 

class ification diagram of Leake et al. (1997) 
 

Analytic methods: For geochemical  analysis of the study , 9 samples 
for ul tramafic-mafic in trusions from south  Léré Lake and 8 granitoid 
samples from Fianga Teubang and Zabili  were analyzed for major 
elements oxides  using  the standard X-ray Fluorescence (XRF) 
techniques and trace elements by an inductively-coupled  plasma-mass  
spectrometer LA-ICP-MS at the Guangzhou City, Guangdong 
Province ALS Laboratory  Group of American Industrial Estate. Major 
and  trace elements analysis are presented  in the table 1 and  2. 
Selected Major and trace elements (Ba, Rb, Sr, Cr, Sc, V, Zn, and Zr) 
were determined by wavelength-dispersive XRF on pressed powder 
pellets. Cs, Ga, Nb, Pb, Ta, Th, U, Y and the rare earth elements (Ce, 
Dy, Er, Eu, Gd, Ho, Lu , Nd, Pr, Sc, Sm, Tb, Yb) were analyzed by 
ICP-MS, on  solutions obtained  by  HF dissolution of fused glass disks.  
The mul ti -element  analyses  for Mayo Kebbi  gold were determined by 
ICP-MS on solutions obtained by HF dissolution of fused glass disks . 
The wal l rock  samples from Mayo Kebbi  were first prepared 
(crushing  and mil ling) at Earth Science College, Jilin  University , 
Changchun, China. Major and trace element analyses of the wall rock 
samples were then performed at Testing Center of Jilin  University , 
Changchun, China. Both major and  trace element  samples were 
prepared using  LiBO2 fusion. Major elements were then  analysed by 
ICP-ES, and for the trace element  analysis  ICP-MS was used. Each 
sample was also separately analyzed for gold by fire assay fusion and 
ICP-ES. 
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The LA-ICP-MS dating  samples were collected  from amphibolite 
us ing heavy liquid and magnetic separation techniques . The zircons 
were analyzed by LA-ICP-MS at Northwest University (China), 
Department  of Geology, State Key Laboratory of Continental 
Dynamics . The laser ablation  system is a ComPex102 equipped with  a 
(wavelength 193  nm) ArF-excimer laser and  Analyses were 
performed wi th  a dynamic reaction  cell  ICP-MS, quadripolar 
Elan6100DRC type. Cathodoluminescence (CL) images of zircons 
were prepared prior to analysis  in  order to characterize internal 
st ructure and  to target potential site for U-Pb dating . U–Pb isotopic 
ratios  were calculated using  the Glitter software (ver, 4.0 Macquarie 
University) (Andersen , 2002). The U–Pb age calculation  and 
concordia plot  were obtained using  the ISOPLOT software program 
(Ludwig , 2003).  
 
Analysis  resul t 
 
Geochemical result 
 
Major oxides: Nine rock samples of Mayo Kebbi ult ramafic to mafic  
in trusion were selected  for geochemical  analysis . The Major oxide 
composition of the samples is characterized by low to moderate Al203 
7.07% - 17 .38%.  In the Hornblende- Pyroxenite, the SiO2 content 
ranges from 44.5% to 51.37% and that of TiO 2 is  fairly low and range 
from 0.65% to  0.83%. The high content of MgO 12.17%-14.62% can 
probably  indicate olivine or pyroxene (clinopyroxene) accumulation . 
They  have relatively higher CaO 13.76%-14.99% content and it may 
be result  to garnet like a residual  phase in the mant le, characteristic of 
ul tramafic rocks .  
 
The lower Na2O+K2O 0.93%-1.69% and  the Na2O content  are high 
than K2O indicating that Na is more enriched  than K. In the 
amphibolites, the SiO 2 content  ranges from 47 .27% to  47 .99%  and  
that of  TiO 2  from 1.3% -1.45% and  have significan tly  lower MgO 
4.99%-6.39  %. In addi tion, the lower Na2O+K 2O ranging from 2.49% 
to  3.06% and the Na2O content are much higher than K2O indicating 
that Na are also  more enriched than  K. The low alkali contents are 
typical of tholeiitic series (Schilling et al, 1983, Sun and 
McDonough, 1989). On the AFM ternary diagram wi th the dividing 
lines of Irvine & Baragar (1971) to discriminate between tholeitic and 
calc-alkaline suites, the samples plot  all  in  the high  tholeitic trend 
(Fig .7. a) suggesting that, the mafic-ul tramafic rocks  were crystallized 
from similar parent magma. In the ternary discrimination diagrams of 
(Pearce et al., 1977) the samples plot in  the continental basalt  field, 
some plot into the OIB and  MORB field probably due to thei r 
cumulate effects  (Fig.7. b).  

 
In the ternary discrimination  diagrams of (Pearce et al. 1977) the 
samples plot in  the Island- Arc Tholeiite (IAT) field (Fig.7. c). On the 
Zr/TiO 2 vs . Nb/Y classi fication diagram of (Winchester and  Floyd 
1976), all samples plot in sub-alkaline basalt field with (Nb/Y < 0.07) 
(Fig .7. d). These rocks have a loss  on ignition  (LOI) values from 1.24 
to  2.89 wt. % (Table 2) suggesting probably  the contribution of 
secondary hydrated  and  carbonate phases . According  to  the total 
alkali  vs. silica (TAS) discrimination diagrams of (le Bas et al., 1986) 
all  rocks plot  in  gabbro  (basalt ) field(Fig.7.e).  All these 
characteristics of hornblendites and hornblende pyroxenite in Mayo 
kebbi  area are similar to  those of the ultramafic rocks  of the Pan 
African complex Mokuru in Ilesha schist belt , south-eastern Nigeria 
(Ige et al,. 1998). 

 
Rare earth elements 

 
Chondrite-normalized REE patterns  of amphibolites presentedgive 
li ttle precision  in the di fferentiation process  of fractionalmineral, 
because the dist ribution is  nearlyflat  with  no  or weak positive Eu 
anomalies(δEu ranges from 0.86 to 1.18) and show slightly LREE- 
depleted type (Fig .8.a). ((La/Yb)N = 0.41  to  1.40). The total REEs 
content of Px-amphibolites is lower, varying  from (14 .98-35 .62) and 
weak LREE/HREE fractionation (1.65―2.0) with (δCe ranges from 
0.91 to 1.00). 

 
 

 
 

Fig . 7. Diagramfor mafic-ultramaf ic rocks fromsouthLéré Lake 
Mayo Kebbi, (a)   AFM diagram modif ied af terIrvine and 
Barager (1971). (b)  Ternary discrimination diagrams modif ied 
af terPearce et al. (1977).  1 SC, spreading center island; 2 IA, 
is land arc; CM, continental margin; 3, MORB, Mid-oceanic Rige 
Basalt  4 OIB, oceanic island basalts ; 5 CB, continental basal ts (c)  
Ternary discrimination diagrams modif ied af terMullen (1983) 
fields are Oceanic-Island Tholeii te (OIT); Mid-ocean Ridge Basal t 
(MORB ); Island- Arc Tholeiite (IAT); Ocean Island Alkali Basal t 
and Calc-Alkaline Basalt (CAB). (c)   Zr/TiO 2 ×0.0001-Nb/Y 
diagram af ter Winchester and Floyd (1976). (e) Mafic ultramaf ic 
rocks from (Lere) in Chad plotted in the Total-Alkali  Silica (TAS) 
diagram of (Le Bas  et al., 1986), Pc = picrobasalt, B  = basalt, O1 = 
basalt andesite, O2 = andesite, O3 = daci te, R = rhyolite, S1 = 
trachybasal t, S2 = basal tic trachyandesite, S3 = tracyandesi te, T= 
trachyte and trachydaci te, U1 = terphrite and basanite, U2 = 
phonotephrite, U3 = tephriphonolite, Ph = phonoli te, F = foidi te 
 

 
Fig . 8. (a) and (b) Chondrite-normalised REE patterns for maf ic 
ultramafic rocks from south Léré Lake (Chondri te Normalized 

values are from Boynton 1984) 
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Chondrite-normalized REE patterns of Hornblende-pyroxenite have 
pronounced negative Tm anomaly  and positive Eu anomaly  with (δEu 
ranges from 1.08 to  1.28) show slightly LREE-depleted  type (Fig .8. 
b) ((La/Yb)N = 1.23 ―1.68).  The total REEs  content of Hbl  - 
amphibolite is lower, varying from 36 .60 to 52.19 with similar ranges 
of composition  of LREE/HREE ratio (2.02― 2.45), and (δCe ranges 
from 0.96 to 0.99).  The positive Eu-anomaly  is usually interpreted as 
result  of the early plagioclase accumulation in  the magma chamber. 
These rock shows flat  and slight  pattern , suggesting  that  they  are 
probably  derived from a depleted mant le source (Pearce, 1980). All of 
these rocks have very low rare earth element  fractionation ((La/Yb)N= 
0.41 to  1.68). Tectonic setting discrimination: In this  study, the 
tectonic setting where the Mayo Kebbi Group formed is debated . The 
geochemical  signature of tholeiitic metavolcanic rocks suggests thei r 
development in anisland-arc and back-arc setting (Kasser, 1995; 
Doumnang et al., 2004). The tectonic setting discrimination diagrams 
are based upon mul ti-element variation among different rock types 
and  formations of di fferent environments.For the tectonic 
environment , Wood (1980) diagram based  on the HFS elements is 
used to determine the types  of amphibolites . Among samples from 
each of these diagrams (Th-Hf/3-Nb/16) and (Th- Zr/117-Nb/16), the 
firs t Hbl -amphibolite samples are in the island arc tholeiiti c basalts 
and  Hbl -pyroxenitecalc-alkaline basalt field. In addition, all  samples 
plot in the calc-alkaline basalts field, (Fig .9. (a) and (b)).   

 

 
 
Fig .9. discrimination diagram of  the Mayo kebbi igneous complex 
(a) Hf/3-Th-Nb/16, and (b) Zr/117-Th-Nb/16 diagrams af ter 
Wood (1980). A: N-MORB: normal type mid-ocean ridge basal t; 
B: E-MORB: enriched type mid-ocean ridge basal t; C: WPB: 
within-plate basal t; D: SSZ: supra-subduction zone, Back-arc and 
fore-arc basal ts also plot within the SSZ field or IAT:  island arc 
tholeii tic basal ts and CAB: Cal-alkaline basalt.  (C) Th/Yb vs. 
Nb/Yb diagram (af ter Pearce and Peate, 1995), (d) Ti/1000-V 
diagram after Shervais (1982). ARC: arc basal t; OFB: ocean f loor 
basalt (MORB) 

 

Based  on those diagrams we can suggest that  the Mayo Kebbi 
in trusion was  formed in a continental margin .On the Th/Yb versus 
Nb/Yb variation diagram of Pearce and Peate (1995) the 
Neoproterozoic igneous rocks plot  in the field of the oceanic arcs 
(Fig .9. (c)), this suggests  that these rocks may be formed in an island 
arc environment  rather than  active continental  margin.  
 
They  represent a partial melt of a depleted mantle source (N-MORB). 
On Ti/1000-V diagram of Shervais  (1982), samples plot  mainly 
wi thin the island-arctholeiite field, but one of the samples is 
transitional betweenisland  arc tholeiiteand  mid -ocean ridge basalt . 
The characteristic of tholeiiti c rock (Fig.9. (d))are consistent with the 
AFM diagram that shows trend of strongly  tholeiitic suites.  

 

Description (Testing result) 
 

The ultramafic to  mafic intrusions  
 

Pyroxenite: Fifteen  analyses  of zircon from pyroxenite-horblende 
rock were obtained  for 12KD16 sample (Fig .10 .a).  Mass fraction of 
trace elements U and Th 25 .64x10 -6 ~ 1099.2x10 -6 and 4.13x10-6 ~ 
60156x10-6 Th/U ratios (0.14 - 1.75), have geochemical  characteristic 
of mag matic zircon. Measurement  of zircons from the isotopic 
compositiongave a weighted mean 206Pb/ 238Uage of 800.7 ± 6.7 Ma 
(Fig .11a). Mean square weight deviation  (MSWD=0.46)indicates  the 
magmatic crystallization  age of pyroxenite.  
 
Gneiss -amphiboli tes: Ten analyses  of zircon  from the Gneiss -
amphibolites sample (12KD11)(Fig .10 .b).with  mass  fraction of trace 
element  U and  Th 41.33x 10 -6   ~216.26 x 10 -6 and  15 .02  x10-6 ~ 
132.1 x10 -6     Th/U ratios  (0.3 -0.62), have a weighted mean 
206Pb/238Uage of 692±11 Ma (1). Mean square weight  deviation 
(MSWD = 1.3) (Fig .11 . b). This age can interpret to be the 
crystallization  age of the Gneiss -amphibolites. 
 
Metagabbro: Fifteen  analyses  of zircon from dominant  Metagabbro 
rock were obtained for 12KD05 sample (Fig.10.c).Mass  fraction of 
trace elements U and Th 43 .85x 10 -6 ~ 148.32x10-6 and15.59x10-6 ~ 
80 .69x10 -6 Th / U ratios (0.29 - 0.61), have geochemical  characteristic 
of mag matic zircon. Measurement  of zircons from the isotopic 
compositiongave a weighted mean 206Pb/238Uage of 718.4 ± 8.2Ma 
(Fig .11.c). Mean square weight deviation (MSWD=0.46)indicates the 
magmatic crystallization  age of Metagabbro. We can interpret as the 
emplacement  age of the Metagabbro in Mayo Kebbi area. 
 
Metadiorite: Twelve analyses of zircon from Metadiorite sample 
(12KD07)with  mass fraction of trace element U and Th 36.86x 10 -

6~524.55x 10 -6 and 14.15x10-6 ~ 431 .36x10-6     Th/U ratios  (0.22–
0.82), have a weighted mean 206Pb/238Uage of 691±4.7 Ma (1). Mean 
square weight  deviation (MSWD = 0.43)(Fig.11.d). This age can 
in terpret to be the crystallization  age of the Metadiorite. 
 

 
 

Fig . 10 . Cathodoluminescence (CL) images  of  representative 
zircons of ultramaf ic to mafic intrusion from Mayo Kebbi 

(a) Pyroxenite, (b) gneiss -amphiboli tes (c) metagabbro 
Circle indicates the location of  LA-MC-ICPMS 
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Fig .11. Concordia  plot of LA-ICP-MS U-Pb data for zircons and their probabili ty density of  of  ultramafic to maf ic intrusion from 

Léré, Mayo Kebbi  
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CONCLUSION AND DISCUSSION 

In this  paper, we present the new petrographical and geochemical  data 
of neoproterozoic mafic-ul tramafic in trusions  from Mayo Kebbi. The 
mafic-ul tramafic in trusions have preserved well thei r magmatic 
texture. The mineral assemblages are mainly  characterised by 
amphibole (hornblende), plagioclase, pyroxene (clinopyroxene) and 
chlorite. Hornblende is  present  locally and  has formed, probably, by 
replacement  of pyroxene. These and  other data point to major 
episodic igneous events  during the Neoproterozoic for example in 
South China, Australia and many other parts of the Rodinia continent 
(Zhang et al ., 2009) like the Arabo-Nubian  Shield , where 
geochemis try and  isotopic geochronology of mafic and  intermediary 
complex Ghimbi-Nedjo, in Ethiopia suggest the opening of oceanic 
basin  between 900-850 Ma (implementation  of tholeiiti c gabbros) 
(Woldemichael et al., 2010). There may be an establishment  of arc 
tholeiites  associated with a context type arc-back-arc basin, where 
tholeiiti c magmas may erupt. The different fractions display a similar 
chemical  composition with low to high U (25 .64 - 1099.2) and Th 
(4.13- 60156) contents  and  relatively  high U/Th (0.14 - 1.75) ratios . 
This high ratios indicate that, the zircons were crystallized from a  
mafic magma.Cathodoluminescence images of zircon  crystals from 
amphibolite reveal magmatic oscillatory zoning. Inherited zircons  in 
amphibolites derived from gneiss-amphibole complex (Ca 800.7 Ma). 
In the Mayo Kebbi region , the wide range of Neoproterozoic sources, 
evidence of concordant zircon ages at 691 and  800.7 has been 
recorded. This suggests  that  Mayo Kebbi basin was  filled  by 
sediments, the source of which is main ly reworked Neoproterozoic  
protoliths and  rocks  of similar age (ca. 780  Ma) as those recognized  in 
the neighboring Poli  region in Cameroon (Toteu  et al., 2006). The 
rock samples could have been formed as back-arc basalt (Gale and 
Pearce, 1982; Tarney et al., 1981), and the consensus is therefore that 
a high proportion  of basalt  from back-arc basins is  transitional  in 
composition between MORB and IAB (Pearce et al., 2006). This may 
be due to contamination or metasomatism with  subduction  zone flu ids 
(Gale and Pearce, 1982;  Tarney et al., 1981). Tectonic discrimination 
diagrams using  chemical  attributes  suggest a tholeiitic to calc-alkaline 
affinity  for the mafic intrusive and probably formed in  back arc 
setting . The genesis of the back-arc magmas could be related to 
suprasubduction  of the mant le and/or to the partial melt ing of a 
shallow mantle by release of lithostatic pressure (Kerim kocak et al., 
2007). The very low TiO2 content  of the amphibolte suggest that  the 
protholith was formed in the Arc system. The high Ca content has 
been attributed  also to  the high  water of Island arc magma, as  
suggested by Mamberti et al., 2004; P erfit et al., 1980 argued that the 
di fference in  Ti content  is  related to  early  crystallization  of Fe-Ti 
oxides (e.g., magnetite and ilmenite) in IAV, which buffers the Ti 
concent ration .  Fe-Ti oxide precipitation  may in turn  depend on 
oxygen fugacity.  Oxygen fugacity is higher in IAV because of the 
higher water contents .  IAV are enriched  in water  as well   as other 
vo latiles compared to  MORB  and  at  leas t  some  OIB  (e.g.,   
Hawaii ) (White WM, 1998).  
 

 

The present investigation conducted in southwestern Chad allows 
us to suggest the following conclusions: 
 

 

 The LA-ICP-MS zircon dating for the amphibolites  yields an age 
of 8007 ± 6.7 Ma, indicating  that the mayo kebbi mafic ult ramafic  
rock occurred during Neoproterozoic time. 

 The AFM diagram of Mafic and  ul tramafic in trusions  indicate 
high tholeiiti c trend, suggesting that  the mafic-ul tramafic rocks 
were crystallized from the same parent magma. 

 These rocks show flat and slight  pattern , and they are probably 
derived  from a depleted mant le source. All of the amphibolites 
have very low rare earth element  fractionation  ((La/Yb)N= 0.41 to 
1.68). 

 The geochemical  signature of tholeiiti c metavolcanic rocks 
suggests their development  in an Island-arc and back-arc setting . 

 The representative amphibolites  from the previously-defined 
magmatic basement  of mayo kebbi region in  southwestern Chad 
yielded zircon U-Pb magmatic ages of - 800.7 Ma. These data are 
consistent  with previous results  from the Mayo kebbi  region  and 

indicate that  the igneous complexes were derived from a juvenile 
Neoproterozoic source. 
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