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Metamorphic zircons from North Cameroon; implications for 
the Pan-African evolution of Central Africa 

By S. E ToT~u, Garoua, J. MACAUDIERE, J. M. BERTRAND and D. DAUTEL, Nancy':') 

With 8 figures and 2 tables 

Zusammenfassung 

Eine kristallmorphologische Bearbeitung yon Zirkonen 
aus Glimmerschiefern des R6niers-Tals (Wesdich yon Poli, 
Nord-Kamerun) wurde mit Durchlicht- und mit Raster- 
Elektronen-Mikroskopie (Rfickstrahl Elektronen) ausge- 
ffihrt, Verbunden mit einer Bearbeitung des strukturgeo- 
Iogischen und metamorphen Rahmens ffihrt sie zu der 
Vorstellung einer massiven Auskristallisation der Zirkone 
anlSfglich eines tektono-metamorphen Ereignisses mitt- 
lerer St/irke in der Granat-Disthen Fazies. Dieses Ereig- 
hiSS ist yon einer Deformationsphase (D1) und der Platz- 
nahme eines basischen bis intermedi~iren Gesteinsverban- 
des (BIP) begleitet women. Eine U/Pb Datierung dieser 
Zirkone ergibt praktisch konkordante pan-afrikanische 
Alter (630 M.J.) Diese Resultate kliiren eine Ungewissheit 
in Bezug auf das Alter des st/irksten metamorphen Schie- 
ferung, die hier als Resultat des Ereignisses D1 gedeutet 
wird. Je nach der geographischen Stellung innerhalb der 
zentral-afrikanischen mobilen Zone wurde bis jetzt das 
Alter dieser Schieferung als pan-afrikanisch oder als 
unter- bis mittelproterozoisch gegeben. Ein chronologi- 
scher Ablauf kann somit ffir die Entwic!dung des nord- 
kamerunischen Gebietes vorgeschlagen werden. 

Abstract 

Morphoscopic studies of zircons, including optical 
microscopic and SEM (backscattered electron mode), 
from the R6niers valley (West-Poll, Northern Cameroon) 
indicate an important crystallization of zircon during a 
medium-grade garnet-kyanite metamorphic event. This 
was associated with a deformation (D1) and with the 
emplacement of a basic and intermediate plutonic suite 
(BIP). U-Pb dating of these zircon gave almost con- 
cordant Pan-African ages (630 Ma) which contribute to a 
solution of a major regional uncertainty about the age of 
the regional D1 event, which, in the mobile belt of 
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Central Africa, has been considered previously either as 
Pan-African or as Lower to Middle Proterozoic. A 
chronological framework is proposed for the evolution of 
northern Cameroon. 

R~sum~ 

Une &ude morphologique de zircons provenant des 
micaschistes de la vali& des R6niers (ouest de Poll, Nord 
Cameroun) a &~ men& aussi bien en microscopie optique 
qu'en microscopie ~ balayage (~lectrons r&rodiffus&). 
Combin& 5 l'&ude de l'environnement structural et 
m&amorphique, elle conduit ~t l'id& d'une cristallisation 
massive du zircon pendant un &6nement tectono-m&a- 
morphique de degr~ moyen dans Ie faci& ~ grenat-dis- 
th~ne. Cet ~pisode s'accompagne d'une phase de 
d6formation (D1) et de la mise en place d'une association 
basique ~ interm~diaire (BIP). Une datation U/Pb de ces 
zircons donne des ~ges panafricains (630 Ma) pratique- 
ment concordants. Ces r~sultats permettent de lever une 
ambigu'it~ sur l'~ge de la foliation m&amorphique prinei- 
pale interpr&& comme r&ultant de l'&~nement DI: e11e 
est consid&& selon les endroits de la zone mobile d'Afri- 
que centrale soit d'~ge panafrlcain soit d'~ge prot~rozoi- 
que inf&ieur ~ moyen. Une chronologic de l'&olution du 
domaine nord camerounais est propos&. 

KpaTKOe coRep~anne 

C IIOMOII~StO O0l~IqttOFO CBCTOBOFO ~I paCTOBOrO 3JIeK- 

wpormoro MaaKpOCKOna oHpe~ca~H Mopqbos/orHro KpI~c- 
Ta3IaIOB I~pKOHa H3 CalIO~tnoro c0Iani~a ~OmlHbI R6niers 
(3alla~iFIee Hoan, ceBepshrfi KaMepyn). IloalyqemtBm 
~aHHbIe, KaK ~ HCCJIe~OBaHI~ cTpyKTypLI I~ MeTa- 
MopqbH3Ma t~HpKOUOB pa3pemHa~t COCTaBFITB ce6e ilpe~i- 
CTaB.rleHl4e o npoI~ecce Hx MacclJBHOfl BI, IKpHCTa0IJII~3a- 

BO BpeM~ n e K o r o  TeKTOHO-MeTaMOpqbltoro CO6I, ITY6t 
cpe~Heft CHJIbI, qTO COOTBeTCTByGT rpatiawo-~14CTeHOBOfi 
~amm. DTa npoI~eccsI conponox~aJincs qba3o~ Jleqbop- 
MalLHH (D 1) H nFIealpeHl4eu IIOpO~l 6a3mlecKoro ~Io cpe~- 
Hero COCTasa (BIP). Bo3pacT 3TUX III4pKOItOB, orlpe~Ie- 
JIeHHl, IfI C IIOMOUlblO MeToRa ypaHa-CBHHILa , qbaKTI~IeC- 
KH coBna~IaeT c Bo3pacToM itat t-aqbpHKattcKoro CO6bIT~ISt 

(630 MHJIJI. ~eT).  DTI4 aaHm,Ie ycTpaHStlOT He$ICHOCTH 
OTHOCHTCJIbHO BOBpaCTa caMOFO Monl r lo ro  MeTa- 
Mopdprloro caaH~eBanHz,  KOWOpOe 3~Iec/~ p a c c M a T p m  
BatOT, KaK pe3yJIbTaTe aTOrO CO6bITH~I D 1. B 3aBHCtI- 
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MOCTH OT reorpaqbnqecKoro IlOaomenna B I~eHTpa~bHO- 
a~pI4KattCKOI~I nO~Bl4)KttOfI 3one Bo3pacT ~TOrO cJianI~e- 
BaHIaA OTHOC~IT TellepI, X naH-aqbpHKaHCKOMy CO6blTHIO, 
H~I K rlepHoAy OT Hm~KHe ~0 cpe~ne-IlpoTepo3oficKoro 
BpeMeitH. Hpe~taaraeTca Olmcamle xponoaorvI~eCKOfi 
HOCJIe~IOBaTeJIt,HOCTH CO6BITHI~I IIpH pa3Bvrrnn 3TOni 
o6aacTn ceBepI~oro Kaiepyoa. 

1. Introduction 

U/Pb dating of zircons has proved its efficiency 
in the study of magmatic rocks where the ages 
usually obtained can be interpreted as emplacement 
ages. In metasedimentary rocks, the interpretation 
of the results are not always clear because of the 
complex modification of the zircons during subse- 
quent metamorphic events. In best cases, the upper 
intercept on the concordia diagram gives the age of 
the detrital source (PE~cAT et al., 1985) and the lo- 
wer intercept gives the age of an episodic lead loss 
which may correspond to a younger metamorphic 
event; such episodic loss was shown to be possible 
at 300 ~ (GEBAOER & GRUNENrELDER, 1976). 
Other complications may occur such as overgrowth 
of young zircons on inherited cores, recrystalliza- 
tion of old zircons or crystallization of new zir- 
cons. Such processes seem to occur especially dur- 
ing anatexis and sometimes in the sillimanite zone 
(GRAUERT etal., 1974; GUPTA & JOHANNES, 1985; 
PEUCAT, 1986). However, in most cases, the relative 
volume of inherited grains is large enough to con- 
trol isotope systematics, even when new grains cry- 
stallized. 

In' this paper, we present petrographical and iso- 
topic data from micaschists of the R6niers valley 
formation (West of Poll, North Cameroon) which 
support an important crystallization of zircon du- 
ring a medium grade garnet-kyanite metamorphism 
and contribute to give the solution of a major re- 
gional uncertainty in the mobile belt of Central Af- 
rica, about structures which were previously con- 
sidered either as Pan-African or as Lower to Middle 
Proterozoic. 

2. Geological setting: the problem of 
Pan-Africain structures 

Until recently, the Precambrian basement com- 
plex of North Cameroon, which is composed of 
medium to high-grade migmatitic gneisses, ortho- 
gneisses and syntectonic granites, was considered 
to be Archaean to Lower Proterozoic in age. Du- 
ring the Pan-African orogeny it underwent, to- 
gether with its assumed Middle Proterozoic cover 
(the Poll schists), a thermal or tectono-thermal re- 

juvenation (BESSOLES & TROMPETTE, 1980; CAHEN 
et al., 1984). Discrepancies from this model appear- 
ed when Pan-African ages were found in migmati- 
tes of South Cameroon (LAss~RR~ & SOBA, 1979). 
Recently; the Poll schists and large orthogneiss 
units belonging to the ,,basement complex,, (BEs- 
SOLES & LASSERRE, 1977) have been shown to be 
Upper Proterozoic in age (ToTEU et al., 1987). 

The structural hehaviour of the region (DUMONT 
etal., 1985; TOTEU, 1987; TOTEU etal., 1988) is 
characterized by the presence of two successive tec- 
tonic events (D1 and D2) observed both in the 
,,basement complex,, and in the Poll schists. D1 
corresponds to an originally flat-lying foliation $1, 
locally preserved in this position and showing rota- 
tional structures; no conspicuous regional move- 
ment direction has been observed for D1 because 
of later tectonic and thermal events. D2 is charac- 
terized by upright folds associated with a vertical 
axial plane foliation ($2), intensively transposing 
the former surfaces. Its N-S to NE-SW regional 
trend also corresponds to the orientation of syn- to 
late-D2 batholiths. Late deformation is associated 
with polyphase wrench-faulting which may, in 
some cases, be interpreted as resulting from a late- 
D2 regime. 

The main petrographic units (Fig. 1) as defined 
by TOTEU (1987) are: (1) medium to high-grade 
gneisses and micaschists (part of the ,>basement 
complex,,); (2) low-grade schists (Poll schists); (1) 
and (2) show the two $1 and $2 foliations, present 
dominant greywacke compositions and contain 
interlayered tholeiitic to alkaline metavolcanics 
(metarhyolites yielding 830 Ma, U/Pb on zircons); 
(3) syn-D1 plutonic rocks including a basic to in- 
termediate plutonic suite (BIP) dated at 630-620 
Ma (U/Pb on zircons) and foliated granites both 
showing calcalcaline compositions and low 87Sr/S6Sr 
initial ratios (0.7024 to 0.7063); (4) syn- to late-D2 
intrusions such as anatectic granites (initial 87Sr/S6Sr 
ratio 0.707 to 0.710) which derived from the mel- 
ting of an immature protolih, and large batholiths 
of porphyritic granites, the age of which has been 
estimated between 600 and 580 Ma; (5) post-tecto- 
nic circular alkaline plutons (God~ granite: 546+/ 
-9 Ma, whole rock Rb/Sr, Ri=0,70687). 

In the Pan-African belt of Central Africa, D2 
structures and their later developments correspond- 
ing to N-S to NE-SW trends are considered by ma- 
ny workers, particulary in Nigeria as the only pro- 
ducts of the Pan-African tectonics (G~NT, 1978; 
ANNOR & FI~EETH, 1985; EKWU~ME, 1987). Older 
structures and related metamorphic assemblages 
which may be compared to our D1 are interpreted 
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by these authors as pre-Pan-African, or at least in 
Cameroon, older than the deposition of the Poll 
schists as suggested by NGAKO (1986). An alter- 
native interpretation, ie. a Pan-African age for D1, 
was recently defended by TOT~U etal. (1986, 
1987). It is based upon syn-D1 tectonic setting of 
the BIP suite, dated precisely between 630 and 620 
Ma. Furthermore, although both schists and gneiss 
units often show tectonic contacts, D1 and D2 
structures appear to be similar and correlatable. 
Such an interpretation implies that the ,,basement 
complex,, of North Cameroon is composed partly 
of a young Upper Proterozoic crust. The new data 
presented here support this interpretation in dating 
precisely the D1 metamorphic assemblage. 

3. The R6niers valley micaschists 

The micaschists from the R6niers valley (Western 
Poll area), part of the previous ,,basement com- 
plex,,, form small units of pelitic rocks intercalated 
within the orthogneisses (syn-D1 BIP suite). In 
contrast with the ubiquitous tectonic contact and 
metamorphic break occuring between schists and 
gneisses, they represent an apparent continuity in 
metamorphic grade between schists to the East and 
migmatitic gneisses to the West. Similarly; it must 
be stressed that the studied samples are from areas 
where syn-D2 migmatization is not developed. 

3.1 Structural  and metamorphic  features 

The most obvious structure in the field is the $2 
foliation, but in thin sections, small domains exist 
where a relic $1, defined by elongated biotites and 
muscovites, has been preserved. Retromorphic 
shear zones (quartz-chlorite) of microscopic to 
macroscopic scale appear as late D2 deformation. 
The mineral assemblage includes quartz, muscovite, 
biotite, plagioclase (An 15-26), K-feldspar, alman- 
dine-rich garnet, kyanite, rare staurolite, rutile, 
tourmaline and zircon. Of these minerals, only ky- 
anite, garnet, rutile and some of the muscovite may 
eventually represent, from microstructural eviden- 
ce, the primary $1 metamorphic assemblage. 

3.1.1 Kyanite 
Kyanite is present in the micaschists as truncated 

and boudinaged crystals within the $2 foliation 
(Fig. 2). It always shows fracturing and undulose 
extinction. Many grains are pseudomorphosed by 
muscovite which may define the $2 foliation. These 
features suggest the pre-D2 character of kyanite 
and its resorption during this phase. 

3.1.2 Garnet 

Garnet appears as porphyroblasts wrapped aro- 
und by $2. It contains inclusions of quartz, biotite, 
muscovite and sometimes futile; chlorite may also 
be present. The more aboundant included mineral 
is quartz which defines straight or weakly curved 
internal fabrics (Si). There is no continuity between 
$2 and Si which are rarely parallel to each others, 
but, on the other hand, no clear relationship has 
been observed between Si and relic domains of $1. 

Rotational garnets similar to those described by 
SCHONEV~LD (1977) were observed in the sur- 
rounding gneisses (ToTeu, 1987). They display 
strongly curved internal structures which incorpo- 
rate quartz of pressure shadows. These features are 
indicative of a strong shear component during 
growth. The nature of included minerals (Si defined 
by Qtz, Ep, Chl) supports a prograde growth of 
garnet. As no structure older than $1 has been 
found in these rocks, it may be assumed that Si in 
the garnet is equivalent to the relic $1 of the matrix 
which was progressively incorporated in the min- 
eral during of just after the D1 deformation for the 
gneisses and the micaschists respectively~ 

The discontinuity between Si and the $2 of the 
matrix is the result of the transposition of $1 dur- 
ing the D2 phase. Most of the garnets are replaced 
by a biotite-plagioclase assemblage. Biotite flakes 
are, mostly; misorientated relative to $2 but some 
of them clearly underline $2 (Fig. 3). This suggests 
that the resorption of garnet began during D2 and 
continued after it. 

This two-stage evolution of the garnet is con- 
firmed by its chemist~ Data from three samples 
are presented here. Two of them (Go 77a and Go 
77b) are from the upper-grade-zone, close to D2 
migmatites (near Fignol~) while the other one (Go 
76b) is closer to the contact with the Poll schists 
(near Gar4 in the R6niers valley). Go 77a garnet is 
nearly euhedral and does not show any replace- 
ment along its edge, but it is completely enclosed 
in syn-D2 biotites (MgO/FeO=0.43 to 0.48). It 
also contains in its core tiny inclusions of quartz. 
Inclusions of plagioclases (An 15 to 26) are present 
in some grains. A microprobe profile across the 
garnet (Fig. 4a) shows a classical trend: increase of 
FeO and MgO, decrease of CaO and MnO, but the 
most external plots show significant decrease in 
MgO and increase of MnO. This evolution is clear- 
ly seen on the figure 5a; a similar evolution is 
recorded on garnet Go 77b (Fig. 4b and 5b) which 
shows in addition an important corrosion by bio- 
tite. The first stage is related to a normal growth of 
garnet during metamorphism, the variation of ele- 
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Fig. 2. Relic kyanite in the $2 foliation. Kyanite is boudi- 
naged in the $2 foliation, shows undulose extinctions and 
is retrogressed into muscovite (scale bar = 0.5ram). 

Fig. 3. Relic garnet in the $2 foliation. Syn-D2 biotite has 
replaced garnet. 

merits being explained either by Raleigh fractiona- 
tion (HoLLISTEIa, 1966), or more likely by growth 
during prograde metamorphism. The second stage 
is compatible with a change in the garnet chemistry 
during retrogression as shown by many authors 
(GRANT & WEIBLEN, 1971; BETHUNE ~X; LADURON, 
1975; I~TRAKAKIS, 1986). 

Go 76a garnet shows a large biotite rim with 
small relic garnet patches all around the central 
large grain. The profile across the central garnet is 
nearly similar to those from the other samples, but 
the small garnets show more variable compositions 
and the clear tendency towards low MgO/FeO and 

low CaO values is not observed; some data display 
similar high CaO and low MgO/FeO as the core of 
the central garnet (Fig. 6). Such a behaviour may be 
explained by the relative conditions of the D2 
event: unlike the garnets from Fignol6 situated 
closer to the migmatitic zones, the thermal condi- 
tions of the retrogression of Go 76a garnet were 
not hig h enough to permit maximum diffusion. 

3.1.3 Zircon 
Zircon was studied as separated grains using 

optical microscope and SEM (backscattered mode). 
Most grains appear as subhedral (Fig. 7a and 7b) 
and elongate (max. 150mm); A dark central zone 
observed under the microscope may resemble an 
inherited core but under SEM consists of relatively 
large inclusions of quartz, K-feldspar and rare bio- 
tite. Some grains (less than 20%) are rounded, 
xenomorphic and inclusion-poor. Many others 
clearly show a finely zoned and rounded core simi- 
lar to those of magmatic zircons, surrounded by a 
light-colored rim tending to euhedral shapes and 
crowded with inclusions (20 to 40%). An outer 
limpid rim may also occur. The alternation of large 
light and dark coloured zones contrasts with the 
fine regular zoning observed in the magmatic-like 
cores (Fig. 7c, d and e). This suggests that the later 
growth occurred in solid state. In some cases, a 
light-coloured zone occupies the core itself 
(Fig. 7f) and inclusions may be central, patchy, or 
excentric and located in one sector of the grain. 

These observations suggest that inherited cores, 
with apparently magmatic characteristics (fine re- 
gular zoning), rounded as clastic heavy minerals 
from sediments, may have been surrounded by a 
rim of metamorphic zircon and partly recrystalliz- 
ed. The control of the external shape of grains 
(euhedral or more rarely rounded or xenomorphic) 
is probably a result of interaction with the sur- 
rounding minerals. The cores do not exceed 1/3 of 
the whole. 

The zircons are different in morphology and in- 
ternal structure to other zircons from gneisses and 
orthogneisses analyzed in northern Cameroon. The 
latter may or may not have a thin recrystaltized rim 
but they show a well individualized core with mag- 

Post-tectonic granite ~ Foliated granite [ ~  Basic to intermediate suite (with sample location) 

Gneissunit ~ Migmatilicgneisses ~ Poli schist unit ~ Paleozoic Mangbei series 

60 /05 PlungeofD 21ineation 0 5kin 
l)ipoffolialion I a6  Plungeofl) 1 lincation (and fold axes) 1 I 
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matic zoning and they usually contain apatite in- 
clusions interpreted as high-temperature primary 
inclusions. 

The observed features suggest that a large part of 
the zircon is of metamorphic origin or results from 
a metamorphic recrystallization of detrital grains. 
This implies an unusally large mobility of zirco- 
nium if compared with that in most geological en- 
vironments and with its low solubility in melts. Ac- 
cording to the geological setting of the micaschists 
which appear as enclaves of various sizes within 
orthogneisses (syn-D1 intrusives deformed during 
D2), a hydrothermal-like behaviour may explain 
the crystallization and recrystallization of zircon 
under P/T conditions very close to those prevailing 
during the BIP emplacement. 

3.1.4 Metamorphic constraints 
Thermometric calculations using the garnet-bio- 

tite pair (FERRY & SX'~AR, 1978) were executed on 
samples Go 77 and Go 76 but the results cannot be 
used to estimate the D1 conditions because most of 
the biotite is related to D2. However, relic kyanite 
and futile permit an estimate of the pressures of at 
least 6kb for a temperature close to that of the 
emplacement of the granodioritic body. 

To conclude about the metamorphic history, a 
two-stage evolution is recorded both in the textures 
and the chemical zoning of garnet; the R6niers val- 
ley micaschists reached their highest metamorphic 
conditions during D1 and the BIP emplacement 
and zircon may have grown at this time. As no 
petrographical, chemical or structural evidence 
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Fig. 5. CaO versus MgO/FeO diagrams from garnets: 
5a - Sample GO 77a - (1) from the core; (2) from the 
rim. 
5b - Sample GO 77b - (1) from the core; (2) from the 
l'im, 

supports a pre-D1 evolution, we thus conclude that 
zircon grew together with garnet and kyanite dur- 
ing the D1 event. 

3.2 Ana ly t i ca l  resul ts  

3.2.1 U/Pb dating of zircon 
U/Pb dating of zircon was performed at the 

C.R.P.G. Nancy (analytical method previously 
described in TOTEU etal., 1987). The results of 
four fractions (Table 1) show much lower 208*Pb/ 
206*Pb (around 0.012) compared to zircons from 
the same area (ToT~u etal., 1987) which yielded 
ratios more than ten times higher; the zircons are 

thorium-poor, whereas the micaschists show a nor- 
mal U/Th ratio (0.34); thus the zircons do not have 
the same source as those from the metasedimentary 
gneisses, hence supporting a non-detrital origin for 
the zircon from the R6niers valley~ On a concordia 
diagram (Fig. 8), plots are almost concordant, con- 
firming the predominant role of crystallization and 
recrystallization processes considering the low pro- 
portion of inherited grains (about l/3). The plots 
define an age around 630+/-5 Ma. 

3.2.2 Rb/Sr dating 
Rb/Sr dating (Table 2) was performed both on 

biotite and on whole rock sample of Go 76 from 
which the zircons studied were obtained. The refer- 
ence line using the whole rock and the biotite cor- 
responds to an age of 518 Ma (Ri=0.70553). 

3.2.3 Discussion of the results 
The 630 Ma U/Pb age on zircon fits well with 

the ages found for the broadly syn-D1 BIP suite. It 
is thus interpreted as the age of the crystallization 
of zircons which corresponds to the age of the 
metamorphism associated with D1. In contrast, the 
518 Ma Rb/Sr date is too young to be explained by 
the D2 event or by a late D2 cooling: an U/Pb 
sphene age of 571 +7/-8 Ma was already available on 
a metasedimentary migmatitic gneiss from Mayo 
Bandil~, West of Fignol~ (TOTE�9 et al., 1987); these 
gneisses are invaded in places by a swarm of large 
dykes associated with a syn to late-D2 anatectic 
granite. Thus it is reasonable to consider the 571 
Ma as dating the end of D2 event. To explain the 

10 
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Fig. 6. CaO versus MgO/FeO diagram for sample 
GO76b: (1) from the core of the main crystal; (2) from 
the rim of the main crystal and from small grains scat- 
tered in biotite. 
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Grain 
size 

=.45 

~-75 

>75 (21 

>100 

Pb ppm 

39.8 

35.0 

35.3 

U ppm 

437 

391 

387 

206pb/204pb 

1113 

2100 

4290 

1056 

207pb/235 U 
(1) 

0.8225 

0.8068 

0.8282 

0.8099 

206pb/238 U 
(2) 

0.09800 

0.09673 

0.09876 

0.09687 

207pb/206pb 
(3) 

0.06043 

0.06050 

0.06081 

0.06063 

Apparent ages Ma 
(1) (2) (3) 

609 607 619 

600 595 621 

613 607 633 

602 596 626 

Table 1.: U-Pb Analytical results: R6niers valley micaschists (Go 76) Only 10 grains of > 100 fraction were analyzed. 

whole rock 

b iotite 

Rb ppm 

62 

137 

Sr pprn 

213 

43 

Table 2: Rb-Sr analytical results: R6niers valley micaschists (Go 76). 

87Rb/86Sr 

0.840 

9.270 

87Sr/86Sr 

0.711724(43) 

0.773925(39) 

518 Ma age of the biotite, it must be stressed that 
the micaschists studied (together with surrounding 
orthogneisses) are very close to the post-tectonic 
God~ granite which yielded a Rb/Sr whole rock 
age of 546+/-9 Ma, Ri=0,70687 (Tovru etal., 
1986). A previous isochron published for the same 
massif gave 516+/-6 Ma (LAssrRRE et al., 1981), 
very similar to the biotite age. Close to the granite 
intrusion, the micaschists are rich in unorientated 
post-D2 biotites growing around resorbed garnets. 
Thus, the age of biotites from these rocks may cor- 
respond to the cooling age of the granite and mark 
the very end of the Pan-African thermal activity in 
the region. 

4. Discussion - conclusion 

4.1 M e t a m o r p h i c  c r y s t a l l i z a t i o n  of z i r con  

Considering the problem of zircon stability; two 
opposite opinions can be found in literature: 
- 1) Zircon can resist to high-grade metamorphism 

without appreciable change in shape and in iso- 
topic composition. The change begins only 
under anatectic conditions (PEucAT, 1986; G?,- 
STIL etal., 1967). Our own experience on other 
North Cameroon zircons has shown that the de- 
velopment of euhedral shapes and of external 
rims is restricted to migmatitic and granulitic do- 
mains. 

- 2) Zircon can recrystallize and change its iso- 
topic composition at low temperature (300- 
400~ GEBAUER & GRUNENFELDEI% 1976). This 
happens for highly radiation-damaged crystals 

under the conditions of a high fluid phase 
concentration. Zircon has also been synthetized 
under hydrothermal conditions (CARuBA etal., 
1975). 
In the case of the R6niers valley formation, 

petrographic and isotopic data support an impor- 
tant crystallization or recrystallization of zircons 
during medium-grade metamorphism of Pan-Afri- 
can age. This is an important new point because 
zircons described as metamorphic are uncommon 
(SPEER, 1982). Indications supporting this meta- 
morphic crystallization of zircon are as follows: 
- 1) There is no isotipic trace of inheritance. 
- 2 )  Two morphological types however coexist 

(rare rounded and common euhedral shapes) and 
intermediate shapes can occasionally be found. 
For the more common euhedral forms, the fre- 
quency of inclusions (some reaching the surface 
of the mineral), the embayements on the faces are 
more likely to be explained by solid state crystal- 
lation with incorporation of some neighbouring 
minerals than by crystallization in a silicate melt. 

- 3) The minerals included (mainly quartz and less 
often feldspar) are different from those in high- 
temperature zircons which are commonly apa- 
tite. The inclusions are similar to those in garnet 
and are similarly arranged. 

- 4) The presence of the (110) form corresponding 
to the G1 morphological type of Pro'IN (1980) 
would indicates temperature around 600~ if 
grown in a granitic melt. 
Compared with all the examples of metamorphic 

imprint on zircons described by l~ucAw (1986), an 
interesting feature is the position of the plots on 
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Fig. 7. Morpholo~- of zircon from the micaschists (backscattered mode). 
7a - subhedral prism crowded with inclusions, some reaching the faces of the crystal. 
7b - subhedral (110) rounded grain showing embayement features due to neighbouring minerals, 
7c - polished section showing an irregular core surrounded by a light-coloured rim crowded with large inclusions of 
quartz and K-feldspar. The outer rim is perfectly euhedral, 
7d - the core is characterized by a fine regular zoning of magmatic type and the morphology of the crystal is sub- 
he&d,  
7e - the inclusion-rich rim is excentric and the core is invaded by a light cloud suggesting late recrystallization, 
7f - the prism is euhedral and there is no visible core but only an inner zone, crowded with inclusions and resembling 
the outer zone of fig. 7c. 
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Fig. 8. Concordia diagramm for sample GO 76. 

the concordia diagram: our data are concordant or 
slightly discordant in spite of some morphological 
evidence of inheritance; those studied by PeUCAT 
(1986) are systematically highly discordant and plot 
near the lower intercept. 

All these characteristics could be easily explained 
by the inclusion of the micaschists in a large pluto- 
nic complex. The zoned central part of the crystal 
could correspond either to a recrystallized inherit- 
ed zircon the primary isotopic composition of 
which has been changed by loss of radiogenic lead, 
or to a newly crystallized zircon, or to inherited 
zircon only slightly older. The nearly idiomorphic 
minerals or parts of minerals would correspond to 
the end of crystallization in conditions of water 
saturation during the crystallization of the BIP 
granitic melt. 

4.2 Impl ica t ions  for the regional  tectonics  

The problems still under debate in North Came- 
roon deal with: (1) the age of the D1 event, and (2) 
the structural and petrographical characteristics of 
a possible pre-Poli-Schist basement. 

Until now a Pan-African age of the D1 event was 
assumed from the ages obtained on the BIP suite 
(Tov~u etal., 1987). The present data from mica- 
schists (included in the previous >>basement com- 
plex<<) demonstrate this Pan-African age both for 
D1 and for the related MP to HP metamorphism. 

Recent studies in the Oban massif in SE Nigeria 
(EKwuEMe & ONYEAGOCFIA, 1986; EKWUEME, 
1987) show many petrographical and metamorphic 
similarities with the Western Poll region. Available 
Rb-Sr whole rock ages on schists, gneisses and 
amphibolites range from 784 to 527 Ma (EKWUEMI~, 

1987) and they are interpreted in term of reactiva- 
tion (producing N-S to NE-SW structures) of 
Kibaran structures (NW-SE). Of particular interest 
is the 784+/-31 Ma age on amphibolite; such rocks 
are common in Northern Cameroon (ToTEu, 1987; 
PeNAYe, 1988) where they are considered as chro- 
nologically equivalent to the Poll volcanic suite 
emplaced at 830 +11/-10 Ma (TovEu etal., 1987). 
An alternative and preferred interpretation is that 
the 784+/-31 Ma age corresponds to the emplace- 
ment age of the protolith of amphibolites and that 
the assumed Kibaran structures are Pan-African 
and actually equivalent to D1 in Northern Came- 
roon. 

Several occurrences of granulites or charnockitic 
rocks have been recorded in northern Cameroon 
(KocH, 1957; NGAKO, 1986; PeNAX'e, 1988; NGAN- 
GO,a, personnal communication). Granulitic rem- 
nants in the Eastern part of the Poll area (PeNAYe, 
1988) are considered as older than D1 and give 2100 
Ma ages with a Pan-African imprint. They show 
similar evolution than those described in South Poll 
(NGAKO, 1986). They constitute the true old part of 
the so-called >>basement complex<,. 

On the other hand charnockitic plutons quoted 
by Koch (1957) are likely to be equivalent to Pan- 
african charnockitic rocks from SW Nigeria (TuBo- 
SuN et al., 1984). From the descriptions given, it is 
likely that the 631 Ma zircon age obtained on these 
rocks corresponds to a syn-tectonic emplacement 
age, equivalent to our D1 event, prior to the N-S to 
NE-SW structures (equivalent to our D2). 

Granulites are also known in South Cameroon 
(NzENTI, 1987; NZENTI etal., 1988) and represent 
the high-grade part of passive margin metasedi- 
ments thrust onto the Congo Craton. From a two- 
stage deformation history only the late migmatitic 
event (local D2) is dated at ca. 570 Ma (LAsSERRE & 
SOBA, 1979). But the 630 Ma age of the granulitic 
metamorphism in Centrafrican Republic (PIN & 
POIDEVIN, 1987) might be reasonably extended to 
all of the granulitic metamorphic events recorded 
elsewhere along the northern edge of the Congo 
craton, especially in South Cameroon. In contrast, 
recent data from North Cameroon point out to a 
Lower Proterozoic granulite-facies metamorphism 
(Pmv•ve, 1988). Similar epicontinental-type forma- 
tions and N-S verging nappe tectonics were observ- 
ed in both countries (PoID~VIN, 1983; NZ~NTI et al., 
1987). This corresponding HP/HT event may be 
comparend in age to the D1 event in North Came- 
roon. 

The new results obtained on the R6niers valley 
micaschists, combined with already published data 
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(To~e~ et al., 1987) allow a well constrained model  
for the tectonic and magmatic activity associated 
with Pan-African orogeny in Nor th  Cameroon to 
be presented. The key dates are: (1) emplacement 
of volcanic rocks in the Poll Schists, ca 800 Ma; 
(2) DI  deformation event, MP to H P  metamor-  
phism and BIP suite emplacement,  630-620 Ma; 
(3) D2, anatexis and emplacement of granitoids, 
600-580 Ma; (4) end of D2 metamorphism,  571 Ma; 
(5) emplacement of the post- tectonic alkaline God8 
granite, 545 Ma; (6) cooling of the God~ granite, 
518 Ma. It is reasonable to consider 620-630 Ma 
as the peak of metamorphism and emplacement of 
syncollisionnal granitoids rather than the time of 
initiation of D1. This his tory ended in Nor th  
Cameroon around 520 Ma after a per iod of about 

100 Ma of intense tectonic and thermal activity~ 
There is an impressive similarity in the age of the 

tectonic and magmatic activity in a large domain 
between the West African craton and the Congo 
craton (Li~o~OlS & BLACk, 1984; B~RT~,AND 
etal.,  1986; TuBOSlSN etal.,  1984; VAN BREEMEN 
etal.,  1977; PEGI~M etal., 1976; TOTEU etal., 
1988), in spite of the fact that recent data support  
the presence of more than one pre-Pan-African 
block (CossoN etal.,  1987, ToT~u etal.,  1987, 
PEN~XE, 1988). The high intensity of the Pan-Afri- 
can imprint  in such a large domain,  even where old 
rocks are recognized (BERT~AN~ etal.,  1986, 
PEN~XE, 1988) may indicate that the belt was form- 
ed by the collision of small continental blocks. 
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