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ABSTRACT

Geochemical and geochronological studies have been carry out on the leucosomes of Yaoundé series with the aims to
identify the magma sources and to indicate their production periods and emplacement within the formations of the
Pan-African North-Equatorial Fold Belt (PANEFB) in Cameroon. The Yaoundé¢ series belongs to the Southern domain
of the PANEFB and it is composed of migmatites in which two types of granitic leucosomes (in sifu leucosomes and
injected leucosomes) have been distinguished. These rocks display characteristic of calc-alkaline (in situ leucosomes)
and high-K calc-alkaline to shoshonitic series (injected leucosomes). All the rocks are peraluminous with in situ leu-
cosomes conform to S-type and injected leucosomes conform to I- and S-type granitoids. Major and trace elements
composition reveal that in situ leucosomes derived from the partial melting of the host metapelite whereas injected leu-
cosomes derived from the melting of metagreywacke. These sources are similar to those of granitoids from central and
northern domains of the PANEFB. Th-U-Pb dating by electron microprobe (EMP) and LA-ICP-MS U-Pb dating on
zircon have been used to constraints the melting event and emplacement of leucosomes in Yaoundé series. Th-U-Pb
monazite dating, undertaken in two samples of leucosomes, gives two groups of monazite ages. The older group gives
an age of 658 Ma whereas the age of younger group is 592 Ma. U-Pb dating of zircons from the leucosomes reveals a
Pan-African age ranging from 626 to 654 Ma whereas zircons from metapelitic host rock reveal the overprinting of an
early Pan-African event 911 - 1127 Ma on Palacoproterozoic (2127 Ma) inheritance. These data clearly indicate that the
host rocks of leucosomes of Yaound¢ series have been firstly metamorphosed during Tonien-Stenien period (911 - 1127
Ma) and reveal the existence of extended unique melting event (592 and 658 Ma) in the Yaoundé series which is con-
temporaneous with the magmatism responsible for the emplacement of granitoids in the other domains of the PANEFB.

Keywords: Pan-African North-Equatorial Fold Belt; Yaoundé Series; EMP Monazite Dating; LA-ICP-MS U-Pb Dating;
Leucosomes; Peraluminous; Melting Event; Magmatism

1. Introduction between metamorphism, deformation, melting and/or
magmatism. The study of the granitic melt is of funda-
mental importance for the understanding of the main
processes of genesis and evolution of the continental
crust and notably of the palingenesis.

Till date, peraluminous magmatism in Cameroon is
only reported in the northern and the central domains of
the Pan-African North-Equatorial Fold Belt (PANEFB).
The study of the leucosomes in the migmatites of
Yaoundé in the southern domain of the PANEFB has
"Corresponding author. revealed their granitic composition and their peralumi-

Peraluminous magmatism is largely reported in the colli-
sional belt. However, this magmatism is also observed,
but in least proportion, in the passive margin setting
where it is expressed by volcanic tuffs [1,2]. The study of
metamorphic and igneous rocks provides important in-
formation on the magmatic processes which took place in
the continental lithosphere, especially in the collisional
belt. In this type of orogeny, there is a strong relation
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nous affinity. The ubiquity of the magmatism in the
PANEFB, which spreads more than 500 km, from the
northern domain to the southern domain, can be assigns
either to the existence of a unique melting event along
the belt, or to distinct melting episodes. Indeed, the
uniqueness of metamorphic and tectonic phenomena
throughout the PANEFB was demonstrated by many au-
thors [3-5].

This paper presents the results of geochemical and
geochronological studies of the leucosomes of the south-
ern domain of the Pan-African North-Equatorial Fold
Belt. These results, compared to those obtained on the
granitoids of the northern and the central domains, allow
us 1) to identify the magma sources all over the Pan-
African North-Equatorial Fold Belt and 2) to indicate
their production periods (ages) and emplacement within
the formations of the PANEFB in Cameroon.

2. Regional Geological Setting

The Yaoundé series belongs to the Southern domain of

T.NGNOTUE ET AL.

the Pan-African North-Equatorial fold belt and is situated
in the northern edge of the Congo craton (Figure 1). It is
composed of intensely deformed metasedimentary and
meta-igneous rocks [6]. The metasedimentary rocks are
made up of chlorite schist, garnet and/or kyanite bearing
micaschist and garnet and kyanite bearing gneisses. The
protoliths of these rocks are shale and greywacke depos-
ited in an intracontinental rift context or thinned margin
[6,7]. These metasediments are locally intruded by dio-
rite and/or granodiorite and metamorphosed under HP-
HT conditions (T = 750°C - 800°C, P = 0.9 - 1.3 GPa; [6,
8]) at 620 = 10 Ma (U-Pb age on zircon; [9]) or at 616
Ma (U-Pb age on zircon and Sm-Nd; [10]) and or be-
tween 613 + 33Ma and 586 + 15Ma (Th-U-Pb age on
monazite; [11]).

The rocks of this unit have been affected by two major
phases of deformation associated to the metamorphism [6,
12,13]: 1) the D, phase is marked by a compositional
bedding (So/S;) parallel to the preferential orientation of
the phyllosilicates and ended by the formation of the high

(2)

&

Messa X Y2F3
Meyon Meyenae
SN DE 2k

Yaounde

»
Nkometouygo_

[
Olembé

vA4, L1,

3

10 20km
| I —

EREE PR

Figure 1. (a) Location map of the study area; (b) Geological map of Yaoundé group (adapted from [6]). 1: Congo Craton; 2:
Mbalmayo series; 3 and 4: Yaoundé series (Garnet micaschist and migmatitic gneisses, respectively); 5: Sampling site.
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pressure granulite-facies assemblage and the beginning
of partial melting; 2) the D, event is a compressionnal
phase marked by the intrusion of mafic rocks, the in situ
partial melting, the injection of the quartzo-feldspathic
melt along the C, shearplane and by a southward thrust-
ing of the rocks of this series onto the Archean Congo
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Craton. The migmatisation develops mainly during this
second phase.

In addition to the southern domain, the Pan-African
North-Equatorial Fold Belt is made of two other geody-
namic domains (the northern and the central domains,
Figure 2):
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Figure 2. Geological map of Cameroon (adapted from [4]) showing the localization of the Yaoundé area and the three main
lithotectonic domains of PANEFB: 1) Southern domain; 2) Central domain; 3) Northern domain. CCSZ: Central Cameroon
Shear Zone); SF: Sanaga Fault; TBF: Tibati Banyo Fault; NT: Ntem Complex; DS: Dja Series; NS: Nyong Series.
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1) The northern domain, with polyphase and polycy-
clic evolution [14-18], consists of metavolcanite of
tholeiitic and alkaline affinities associated with metase-
diments (Poli series) and widespread 630 - 660 Ma
calc-alkaline orthogneisses interpreted as major episode
of accretion [17]. These orthogneisses contain granulitic
relics of Palacoproterozoic age (2100 Ma, [9]).

2) The central domain consists of an assembly of
fragments of Paleoproterozoic continental crust recristal-
lised under high-grade granulite facies (850°C - 900°C,
10 - 12 Kb) at ca. 2100 Ma [3,19,20] intruded by wide-
spread Pan-African syntectonic granitoids. These grani-
toids have high-K calc-alkaline to shoshonitic affinities.
They are either S-type peraluminous granite [4], or I-type
metaluminous to weakly peraluminous granite [21-24]
and are derived from the partial melting of the metapelite
or metagreywacke sources. Their emplacement age ranges
from 558 Ma to 621 Ma [19,21,24-26].

3. Analytical Procedures
3.1. Whole Rock Geochemistry

Samples were collected from fresh outcrops in quarries
around Yaoundé. Leucosomes were separated from each
other in a set of centimeter-thick slabs cut perpendicular
to the foliation of the samples. Major elements, as well as
Rb, Sr, Zr, Nb, and Y, were determined by X-ray fluores-
cence (XRF) spectrometry at the University of Nancy I
using the procedure outlined by Govindaraju & Mon-
tanari [27]; Th, U and rare earth elements (REE) were
determined by inductively coupled plasma emission
spectrometry (ICP-ES) and by absorption spectrometry at
CRPG, Nancy [28]. Analytical uncertainties are esti-
mated at 2% for major elements, and at 5% or 10% for
trace element concentrations higher or lower than 20
ppm respectively. Precision for REE is 5% when chon-
drite-normalized concentrations are >10 and 10% when
there are lower. Samples are normalized to chondrite
using the factors presented by Jahn et al. [29].

3.2. EMP Method

Analysis of Th, U and Pb for calculation of monazite
model ages, as well as for Ca, Si, LREE and Y for cor-
rections and evaluation of the mineral chemistry were
carried out on a JEOL JXA 8200 (Chair of Mineralogy,
University of Erlangen-Niirnberg) at 20 kV, 100 nA, and
a beam size of 5 pm [30]. M1 lines of Th and Pb and the
M1 lines for U of a PETH crystal were selected for
analysis. Resulting errors (lo) are typically 1.0%, 0.20%
and 1.30% for Pb, Th and U, respectively, based on
counting statistics. The lines Lal for La, Y, Ce; L1 for
Pr, Sm, Nd, Gd and Kal for P, Si and Ca were chosen.
Orthophosphates of the Smithsonian Institution were

Copyright © 2012 SciRes.

used as standards for REE analysis [31,32]. Calibration
of PbO was carried out on a vanadinite standard, while U
was calibrated on an appropriate glass standard with 5
wt% UQO,. The Madmon monazite [30], dated by SHRIMP
at 489 + 9 Ma and numerous Pb-Pb-TIMS monazite
evaporation data at 497 &+ 2 Ma, contains ThO, at around
10 wt%. The ThO, in Madmon was previously deter-
mined by LA-ICPMS and by the microprobe at Univer-
sity of Salzburg [33] and was used for calibration of
ThO, as well as for the control of data. Interference of
YLy on the PbM line was corrected by linear extrapola-
tion after measuring several Pb-free yttrium glass stan-
dards as proposed by Montel et al. [34]. An interference
of ThMy on UM was also corrected by using a Th-glass
standard. Interference of a Gd-line on UMJ needs cor-
rection when Gd,0O; in monazite is >5 wt%. These pa-
rameters matched the analytical problems discussed in
[35] in the best way [30]. For each single analysis, a
chemical age (CHIME) and a 20 error based on the Pb
counting statistics was calculated. Other possible sources
of error, as standardization, matrix effect correction,
YLy-on-PbMa correction and instrumental drift were not
taken into account. Therefore the given error on the cal-
culated ages should be considered as a minimum error.

3.3. U-Pb LA-ICP-MS Method

U-Pb isotopic analyses were performed in the geochro-
nology laboratory of the University of Brasilia and fol-
lowed the analytical procedure described by Buhn et al.
[36]. Zircon concentrates were extracted from ca. 10 kg
rock samples using conventional gravimetric and mag-
netic techniques at the geochronology laboratory of the
University of Brasilia. Mineral fractions were hand
picked under a binocular microscope to obtain fractions
of similar size shape and colour.

For in situ ICP-MS analyses, hand picked zircon
grains were mounted in epoxy blocks and polished to
obtain a smooth surface. Backscattered electron and ca-
thodoluminescence images were obtained using a scan-
ning electron microscope in order to investigate the in-
ternal structures of zircon crystals prior to analysis.

Before LA-ICP-MS analyses, mounts were cleaned
with dilute (ca. 2%) HNO;. The samples were mounted
in a specially adapted laser cell and loaded into a new
Wave UP213 Nd: YAG laser (1 = 213), linked to a
Thermo Finnigan Neptune Multi-collector ICPMS. He-
lium was used as the carrier gas and mixed with argon
before entering the ICP. The laser was run at a frequency
of 10 Hz and energy of 34%. In order to avoid down-hole
fractionation during ablation, we adopted for a raster scan
of about 70 um in total diameter with a spot size of 30 pm.

Two international zircon standards were analysed
throughout the U-Pb analyses. The zircon standard GJ-1
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[37] was used as the primary standard in a standard-
sample bracketing method, accounting for mass bias and
drift correction.

The resulting correction factor for each sample analysis
considers the relative position of each analysis within the
sequence of 4 samples bracketed by two standard and
two blank analyses each [38]. The Temora 2 standard
[39] was run at the start and the end of each analytical
session, yielding an accuracy around 2% and a precision
in the range of 1%. The errors of sample analyses were
propagated by quadratic addition of the external uncer-
tainty observed for the standards to the reproducibility
and within run precision off each unknown analysis. The
instrumental set-up and further details of the analytical
method applied are given by Buhn ef al. [36].

The masses 204, 206 and 207 are measured with ion
counters, and ***U was analyzed on a Faraday cup. The
signal of *?Hg was monitored on an ion counter for cor-
rection of the isobaric interference between ***Hg and
%P, The signals during ablation were taken in 40 cycles
of 1 sec each. For data evaluation, only coherent intervals
of signal response were considered. Data reduction was
performed with an Excel spreadsheet developed by one
of the authors that considers blank values, zircon stan-
dards composition and errors propagation. The ***Pb
signal intensity was calculated and corrected using a
natural *?Hg/***Hg ratio of 4.346. A common Pb correc-
tion was applied for zircons with **°Pb/***Pb lower than
1000, applying a common lead composition following

the Stacey and Kramers model [40]. Plotting of U-Pb
data was performed by ISOPLOT v.3 [41] and errors for
isotopic ratios are presented at the 2o level. Because of
the statistical treatment applied in calculating Concordia
ages, those are more precise than any individual U/Pb or
Pb/Pb ages [42] and, in data herein presented, always
correspond to less than the 2% accuracy obtained from
the intercalibration of the standards. Consequently, the
Isoplot calculated errors were modified in order to in-
corporate this uncertainty level and, hence, represent a
more realistic age in terms of the analytical limitations of
the method.

4. Results
4.1. Petrography and Mineral Chemistry

Two main types of leucosomes have been distinguished
on the basis of petrographic and structural criteria:

1) Injected leucosomes

Injected leucosomes occur in two manners: i) along
the C, shear zone; ii) as cross-cutting dykes (Figure
3(a)). They are observed in both metapelitic gneisses and
metabasites where they are sometimes associated with
ultramafic dykes. Injected leucosomes are either:

i) fine-grained, composed of ribbons quartz (25% -
30%), large perthitic K-feldspar (Orgs Abs-Orgy Aby;)
crystals, euhedral plagioclase (5% - 10%) crystals rarely
zoned showing deformed twins (Figure 3(b)). Garnet
(<3%) occurred as euhedral crystals or as atoll including

Figure 3. Field occurrences of injected leucosomes (a) and in situ leucosomes (c), and detail of microstructure of injected leu-

cosomes (b) and in situ leucosomes (d).

Copyright © 2012 SciRes.
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muscovite, rutile, plagioclase and quartz. The average
mineral composition of garnet is presented in Table 1.

Garnet forms solid solution (Figure 4) of almandine (Xg.:

0.63 - 0.68) rich in pyrope (Xj,: 0.24 - 0.30) meanwhile
kyanite (<2%) is prismatic, crackled crystals associated
with garnet. Accessory minerals include apatite, zircon,
monazite and rutile;

ii) coarse-grained, mainly composed of ribbons or in-
terstitial quartz (25% - 40%), plagioclase, K-feldspar and
biotite. Plagioclase (10% - 45%; An;;-An;g) occurs as
euhedral antiperthitic crystals with deformed twins and
sometimes as porphyroblasts with inclusions of quartz
and biotite flakes. K-feldspar (10% - 50%) occurs as
large crystals and is often perthitic (Orgs Abs-Orgg Abyy).
Biotite (<2%) is of magnesian composition (Xyg: 0.62 -
0.67, Table 2; Figure 5) and occurs as flakes of various
dimensions, most of which contain small inclusions of
zircon and apatite. Accessories are monazite, zircon, apa-
tite and often sillimanite, calcite, tourmaline and musco-
vite.

2) In situ leucosomes

In situ leucosomes are the most abundant in the
Yaoundé¢ series. They are observed in both metapelite
and metabasite (Figure 3(c)), structured or not, medium

to coarsed-grained, mainly composed of quartz, plagio-
clase, K-feldspar and garnet. Quartz (30% - 35%) forms
elongated or interstitial crystals with undulatory extinc-
tion. Plagioclase (Any-Anyy; 20% - 60%) are anhedral
and antiperthitic (Org,Abg-OrgyAb;o) crystal with poly-
crystalline almond shape. K-feldspar (10% - 20%) is

Gros
100

@ Insitu leucosomes
@ Injected leucosomes 50

50

100

100 50
Pyr Alm

Figure 4. Triangular diagram showing the nature of garnet
in Yaoundé leucosomes.

Table 1. Electron microprobe data of garnet from Yaoundé leucosomes.

Rocks In situ leucosomes Injected leucosomes
N° 3 16 19 7 8 15 16 17
SiO, 39.31 39.50 38.70 39.25 38.36 38.32 37.80 38.88 38.67
ALO; 22.82 22.96 22.74 22.85 22.77 23.00 23.31 22.65 22.81
FeO 27.31 26.93 25.46 28.27 30.06 28.54 28.81 26.16 27.03
MnO 0.69 0.79 0.50 0.61 0.86 0.50 0.52 0.77 0.50
MgO 8.58 9.70 10.19 7.50 5.98 7.44 7.70 9.23 9.46
CaO 2.88 2.26 1.96 1.85 2.01 2.20 1.89 2.06 2.29
TOTAL 101.58 101.14 99.55 100.33 100.04 100.00 100.03 99.75 100.76
Structural formula on the basis of 24 oxygens
Si 5.956 5.936 5.924 6.031 5.975 5.933 5.860 5.966 5.902
Al 4.075 4.067 4.102 4.137 4.180 4.196 4.258 4.095 4.102
Fe 3.462 3.384 3.259 3.631 3.924 3.694 3.733 3.357 3.450
Mn 0.088 0.100 0.065 0.079 0.114 0.066 0.068 0.100 0.065
Mg 1.939 2.172 2.325 1.717 1.391 1.716 1.778 2.110 2.151
Ca 0.467 0.364 0.322 0.304 0.336 0.365 0.314 0.338 0.374
Alm (Fe) 0.58 0.56 0.55 0.64 0.63 0.68 0.63 0.57 0.57
Pyr (Mg) 0.33 0.36 0.39 0.29 0.30 0.24 0.30 0.36 0.36
Sp (Mn) 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.01
Gros (Ca) 0.08 0.06 0.05 0.06 0.06 0.06 0.06 0.05 0.06
Copyright © 2012 SciRes. 1JG
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Table 2. Electron microprobe data of biotite from Yaoundé leucosomes.

Rocks In situ leucosomes Injected leucosomes
N° 44 45 47 48 49 50 35 36 37
SiO, 38.03 37.70 37.65 38.16 38.04 37.71 37.61 38.20 37.22
ALO; 18.28 18.04 18.48 18.24 17.69 18.48 17.38 17.30 17.64
FeO 12.39 12.12 12.00 11.49 12.17 11.96 11.59 1.61 11.45
MgO 13.19 13.22 12.71 12.92 13.16 13.13 13.59 13.59 13.42
K,O 9.82 10.00 9.85 10.05 9.99 9.60 9.77 9.80 9.82
TiO, 3.89 3.94 3.97 3.80 3.92 4.04 4.55 4.65 3.89
TOTAL 95.70 95.02 94.66 94.66 94.97 94.92 94.92 95.15 93.44
Structural formula on the basis of 22 oxygens
Si 5.549 5.545 5.538 5.608 5.594 5.533 5.536 5.598 5513
AlY 2451 2.455 2.462 2.392 2.406 2.467 2.464 2.402 2.487
Al 0.694 0.672 0.741 0.768 0.661 0.728 0.551 0.586 0.591
Fe 1.512 1.490 1.477 1.412 1.496 1.468 1.427 1.422 1.419
Mg 2.869 2.899 2.787 2.831 2.885 2.871 2.982 2.968 2.963
K 1.828 1.876 1.848 1.885 1.874 1.796 1.881 1.827 1.851
Ti 0.426 0.436 0.439 0.420 0.433 0.446 0.517 0.501 0.518
Xmg 0.65 0.66 0.65 0.67 0.66 0.66 0.68 0.68 0.68
— — net and quartz crystals (Figure 3(d)). Muscovite, mona-
@ in situ leucosomes Minjected leucosomes . . . . .
L6 zite, zircon, rutile, apatite and oxides represent the ac-
' cessory phase.
In the X, vs Al"" biotite diagram (Figure 5), there is a
1.5 1 oo ¢ o significant difference between in sifu leucosomes and
g g injected leucosomes. In situ leucosomes are enriched in
><14 " PY both aluminium and iron, whereas injected leucosomes
’ are depleted with respect to the same elements.
13 : 4.2. Geochemistry
AlVI
0.5 0.6 0.7 0.8 .
1) Major elements

Figure 5. Xg vs AlY' diagram showing the composition of

biotite in Yaoundé leucosomes.

anhedral and perthitic (OrggAb;-Org3Ab;). The perthitic
composition ranges from An;gAbg, to AnygAbg,. Garnets
(<5%) appears as small euhedral crystals or zoned por-
phyroblasts (Figure 3(d)). The mineral composition of
garnet is given in Table 1. They form a solid solution of
almandine (Xg.: 0.55 to 0.58) rich in pyrope (Xp. = 0.33
to 0.39) and poor in spessartine (Figure 4). Biotite (<3%)
has magnesian composition (Xy, = 0.65 - 0.67, Table 2)
and appears as frayed flakes. Kyanite (<2%) is corroded
twinned euhedral crystals (I - 3 mm). They are often
oriented or lodged between plagioclase, K-feldspar, gar-

Copyright © 2012 SciRes.

We use the Na,O + K,0 vs SiO, of Middlemost [43]
for chemical classification of the different types of le-
cosomes. In situ leucosomes plot in granite while in-
jected leucosomes plot in granite and quartz monzonite
fields (Figure 6). The rocks are silica rich (with a SiO,
content ranging from 64.66 to 80.35 wt%, Table 1) and
show a variable content in total alkaline content (3.53 <
Na,O + K,O < 4.84% for in situ leucosomes; 6.15 <
Na,O + K,0 < 9.21% for injected leucosomes). This high
alkaline content is also expressed by the K,0/Na,O ratios
range from 0.49 to 0.59 in in situ leucosomes and from
0.51 to 3.72 in injected leucosomes. In the K,O vs SiO,
diagram, the in situ leucosomes plot in the calc-alkaline do-
main while the injected leucosomes show high K-calcalkaline

1JG
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Figure 6. Classification diagram of plutonic rocks [43]
showing the localization of the studied leucosomes in the
granite field.

to shoshonitic affinities (Figure 7). In major elements
variation diagrams vs SiO, (Figure 8), the two rock
types form well defined clusters, and taken together de-
fine more or less well-defined trends. In situ leucosomes
show decreasing concentration of K,0, AlLO; MgO,
TiO, and CaO with an increase in SiO, while injected
leucosomes show decreasing concentration of AlOs,
TiO,, Fe,O3 and MgO with an increase in SiO,. In the
alumina index molar diagram (Al,0;/(CaO + Na,O +
K,0) vs Al,03/(Na,O + K,0)), all the rocks plot in per-
aluminous field with in sifu leucosomes conform to
S-type and injected leucosomes conform to S-type and
I-type granitoids (Figure 9).

2) Trace elements

Trace elements concentrations of the different leu-
cosomes are listed in Table 3. Selected elements are
plotted against SiO, in Figure 10. In in situ leucosomes,
Rb and Zr concentrations decrease with increasing of
SiO, while Y, Sr are scatter with increasing of SiO,. In
injected leucosomes Zr, Sr, Y contents decrease when
Si0, contents increase (Figure 10). The K/Rb ratios (261 -
361 for in situ leucosomes; average at 315 and 351 - 737
for injected leucosomes; average at 480) are similar to
those observed in the continental calc-alkaline igneous
series [44,45]. Chondrite-normalized REE (the normal-
izing values are from Jahn ef al. [29]) patterns show that
the two types of leucosomes are much fractionated. /n
situ leucosomes have a strong LREE (Light Rare Earth
Element) enrichment (Cen/Smy = 1.5 - 2.03) compared to
HREE (GDn/Yby = 1.20 - 1.54) with more pronounced
positive Eu anomalies (Ew/Eu* = 1.29 - 1.36) for some
and weakly negative Eu anomalies (Eu/Eu* = 0.93) for
the others (Figure 11(A)). Injected leucosomes are also
characterised by a strong HREE (heavy rare earth ele-
ment) depletion (Gdn/Yby = 1.60 - 16.20) and LREE

Copyright © 2012 SciRes.

| |
i Shoshonite Series

Figure 7. Diagram K,O vs SiO, showing calc-alkaline,
high-K to shoshonitic affinity of the Yaoundé leucosomes.
Symbols as in Figure 6.

enrichment (Cen/Smy = 2.19 - 4.70; Figure 11(B)). The
REE patterns lead to the distinction of two groups of
injected leucosomes: 1) a first group (Figure 11(Ba))
characterized by strong Eu positive anomalies (Ew/Eu* =
2.01 - 8.84) and, 2) a second group (Figure 11(Bb)) with
negative to null Eu anomalies (Eu/Eu* = 0.63 - 1.22) and
a strong enrichment in LREE (Cen/Smy = 2.19 - 4.70).
These geochemistry behaviours are in accordance with
subdivisions done in petrography.

4.3. Geochronology

4.3.1. U-Th-Pb Age on Monazite

Two samples of leucosomes (OL3A & OL3B) were se-
lected for U-Th-Pb monazite ages. These samples were
chosen because they are more enriched in monazite crys-
tals than other samples. The analyzed monazite crystals
are of two main types: 1) globular or ovoid crystals, often
crackled with no optical zoning (Figures 12(a) and (b));
2) prismatic crystals, also with no optical zoning, but
spotted by opaque granules which form inclusions in
biotite flakes (Figures 12(b) and (c)). No systematic
core-to-rim optical age zonation of were observed. This
observation implies that monazite crystallize from melt-
ing liquid. This allows the calculation of ages composed
of several single analyses by regression through zero [34]
and of weighted means [41]. Chemical Th-U-Pb ages
(Tables 4 and 5) have been gotten by Electron micro-
probe analysis (EMP). Two groups of ages, correspond-
ing probably to the two events of monazite crystallisation,
are recognised in the diagrams of mineral chemistry of
monazite element vs Th-U-Pb chemical ages (Figures 13
and 14). The first event (younger) occurs at around 600
Ma and the second (older) at around 660 Ma. The ana-
lysed monazite age data are compared in the PbO vs
ThO,* diagram (Figure 15(a)) of Suzuki et al. [46]. On
this diagram, the two generations of monazite previously
described are clearly individualized. The average age of
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Table 3. Representative major (wt%6) and traces (ppm) elements analyses of the Yaoundé leucosomes.
In situ leucosomes Injected leucosomes
Samples Fine grained Coarse grained
OL8b 16b MBI3b MMS6L Al6L OLSL MMI14 MB2a MM20b OL14 MM2 MMI0 MS20b OLI1
SiO, 72.03 74.66  80.35 72.73 74.7  72.03 64.66  69.57 72.1 70.79 7277  73.01 75.54  77.22
Al O4 13.07 11.97 8.62 15.06 12 13.07 1824 1647 15.63 1538 16.18 15.98 1478  12.08
Fe,0; 474 348 3.7 24 248 474 2.16 0.83 1.36 245 0.62 0.8 048  0.51
MnO 0.06 0.06 0.05 0.06 0.06 0.06 0.05 0.01 0.01 0.04 0.02 0.03 0.01 0.02
MgO 2.17 1.73 1.04 0.7 1.73 2.17 0.78 0.43 0.52 0.98 - 0.03 0.27 0.02
CaO 1.91 2 1.24 2.1 2 1.91 3.04 2.25 1.95 1.96 2.68 2.57 2.14 0.39
Na,O 2.86 3.1 2.01 3.56 3.1 2.86 3.93 3.49 3.88 3.5 4.28 3.84 3.79 1.87
K,O 1.7 1.74 1.52 1.73 1.74 1.7 5.18 5.41 3.37 3.92 2.17 2.55 2.36 6.97
TiO, 0.7 052 041 0.3 052 07 0.35 0.27 0.21 0.31 0.08  0.12 0.11 0.7
P,0s - - - 0.06 - - - - 0.02 - - - - -
LOI 0.61 0.51 0.56 1.16 0.51 0.61 0.7 0.98 0.51 0.38 0.47 0.54 0.22 0.43
Rb 54 40 39 33 40 54 107 123 38 93 29 36 46 165
Sr 193 211 121 379 211 193 660 391 469 315 398 380 386 286
Zr 185 135 83 75 135 135 164 99 97 80 41 91 40 18
Nb 4 4 6 4 4 - - - 3 - - - 2
Y 25 22 24 10 22 22 15 11 18 16 10 11 10 9
La 12.22  15.85 21 21.03 159 12.22 67.38  40.68  41.12 20.6 6.34 7.12 4.09 9.43
Ce 2453 3191 4427 41.91 319 2453 14271 7936 79.58 4059 1048 1279  6.51  14.96
Nd 1391 14.17 21.16 15.46 142 1391 73.07  34.15 36.41 20.58 3.27 4.05 1.87 6.7
Sm 3.75 3.39 4.57 3.18 3.39 3.75 15.38 6.17 7.31 4.31 0.64 0.71 0.33 1.31
Eu 1.55 1.47 1.26 2.36 1.47 1.55 2.83 2.14 1.37 2.33 1.48 1.64 0.79 2.26
Gd 3.54 3.17 3.59 2.64 3.17 3.54 11.49 4.48 6.35 2.97 0.53 0.77 0.23 0.88
Dy 3.34 2.85 3.29 2.03 2.85 3.34 3.36 1.55 6.02 2.09 0.39 0.5 0.1 0.41
Er 1.98  1.57 1.96 1.24 1.57  1.98 0.99 0.49 0.37 1.15 0.2 0.38 0.05 023
Yb 2.17  1.65 2.41 1.25 1.65 217 0.57 0.26 0.35 1.12 0.17 038 0.05  0.16
Lu 0.3 0.32 0.38 0.2 0.32 0.3 0.13 0.05 0.12 0.17 0.06 0.05 0.01 0.06
K/Rb 261 361 324 - - - 402 365 737 351 621 588 426 351
Rb/Sr 0.28 0.19 0.32 - - - 0.16 0.31 0.08 0.3 0.07 0.09 0.12 0.58
Ca/Sr 70.7  67.68  73.17 - - - 32.89  41.09 29.4 4443  48.08 48.29  39.58 9.74
(Ce/Sm)N 1.5 2.2 2.3 3.11 2.2 1.5 2.19 3.03 2.57 2.22 3.85 4.25 4.7 2.7
(Gd/Yb)N 1.3 1.54 1.2 1.7 1.54 1.3 16.2 13.84 14.6 2.13 2.5 1.6 3.7 4.4
(Ce/Yb)N  2.89 495 42 8.57 495 289  64.06  78.1 58.3 928 1572 859 334 239
Eu/Eu* 1.29 1.36 0.93 2.44 1.36 1.29 0.63 1.22 0.64 2.01 7.8 6.65 8.84 6.12
Copyright © 2012 SciRes. 1JG
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Figure 8. Harker diagrams of selected major elements. Symbols as in Figure 6.

the younger generation gives 592 + 10 Ma while it gives
658 + 25 Ma for the older one (Figure 15(b)). These two
groups of ages seem to belong to the same thermal event
because the petrography study reveals that all the mona-
zite crystals are included in biotite flakes. Statistically,
all these data can be considered as belonging to the same
crystal population.

4.3.2. LA-ICP-MS U-Pb Zircon Ages

1) U-Pb zircon ages of leucosomes

Fourteen grains of zircons from the leucosomes of
metapelite were analyzed by the LA-ICP-MS method
(Table 6). The Concordia diagrams (Figure 16) obtained
reveal a concordant Pan-African age at 626 + 6.4 Ma
(MSWD = 2.1). The analyzed zircons crystals did not

Copyright © 2012 SciRes.

show any sign of a complex history. The obtained con-
cordant ages correspond to the melting age during the
Pan-African orogeny in Cameroon.

For the leucosomes occurring in metabasite, sixteen
grains of zircons were analyzed by the same method. The
obtained results (Table 7) define a Discordia (Figure 17)
with an average Pan-African age at 654 + 6.7 Ma
(MSWD = 1.3).

2) U-Pb zircon age of metapelitic (basement)

Two types of zircon crystals (zoned and no zoned)
were identified in metasediment. Zoned zircon crystals
are observed in the leucosomes from the metasediment
whereas no zoned zircon crystals were selected from
paleosome. The analytical results of no zoned zircons are
listed on Table 8. The ages obtained define a Discordia
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Table 4. Electron microprobe analyses of monazite from Yaoundé leucosomes (sample OL3A). Monazite ages from single

analyses are given with minimal error (see text).

Sample OL3A

No SlOZ A|203 PzOs CaO La203 CEZO3 Pl’203 Sm203 Nd203 EU203 Gd203 Th02 UOZ PbO SrO Y203 Total Age
Madmon 2.33 0.00 24.79 0.16 7.10 24.15 372 515 16.17 0.00 2.58 13.82 0.54 0.33 0.00 1.41 102.25 489
7 0.25 0.03 30.65 1.05 14.12 2894 300 1.88 1248 0.82 1.18 425 047 0.15 0.13 0.77 100.17 577
36 0.25 0.01 30.16 131 1429 2880 291 2.00 12.01 0.64 1.08 560 0.51 0.19 0.12 0.11 9998 612
37 023 000 3008 130 1439 2880 2.83 196 1174 064 1.06 551 050 0.19 0.13 0.11 9947 631
38 038 002 2977 137 1375 2870 3.03 176 1232 064 078 623 035 0.8 0.14 0.04 9943 565
39 040 002 2985 134 1378 2856 3.04 1.81 1262 062 075 619 034 018 0.4 001 99.65 588
41 0.21 0.00 30.14 1.19 1485 29.15 294 196 1201 0.63 1.02 499 048 0.14 0.14 0.12 9997 513
65 0.80 0.15 2924 135 1444 2848 3.01 1.81 1191 073 094 519 0.69 020 0.14 0.14 99.20 615
66 033 0.03 30.15 135 1478 2884 289 1.88 1155 0.78 088 542 0.89 0.20 0.15 0.07 100.18 561
68 037 0.02 30.03 1.13 13.87 2798 269 210 1130 0.89 149 488 0.76 0.18 0.14 094 98.74 561
69 0.35 0.03 2932 142 1457 2831 298 196 11.77 0.79 090 574 094 022 0.14 0.06 99.50 599
70 037 003 30.19 130 1449 2878 294 192 11.81 073 099 533 067 0.19 0.14 006 99.92 586
5 026 0.02 2928 0.69 14.18 29.60 323 183 13.02 091 120 3.10 036 0.13 0.15 0.71 98.66 667
6 0.21 0.01 3057 0.80 13.86 2891 3.00 196 12.19 097 135 3.10 041 0.13 0.14 134 9893 651
35 0.27 0.01 30.14 135 1420 2859 286 195 11.76 0.66 1.09 576 052 022 0.15 0.10 99.62 689
42 0.35 0.01 30.07 138 13.79 2877 3.00 186 1251 0.61 075 6.19 037 020 0.14 0.05 100.04 650
71 037 0.01 29.69 132 1396 2796 297 197 1186 080 124 551 0.77 023 0.14 0.59 9938 667
~ diometric results are given in Table 9. The histogram
(Figure 19(a)) of zoned zircon crystals shows two

o Itype S-type groups of ages. This is confirmed in the Discordia dia-
Metalumi ‘ gram (Figure 19(b)) where the ages are discordant and

= etaluminous | Pergluminous define two intercepts with upper intercept at 1122 + 110

~ A

< 7 '. o Ma and the lower one at 620 + 61 Ma. The 1122 Ma age

] of the upper intercept confirms the existence within the

- u Yaoundé¢ series of a metamorphic event between 1122
Peralkaline Ma and 911 Ma as revealed by radiometric data of no

- zoned zircon from metapelite. The lower intercept age

‘ ‘ ‘ N . .

06 08 0 11 12 L4 (620 £ 61 Ma).ls similar to the age previously obtained

A/CNK on no zoned zircons of metapelitic rock (626 + 6 Ma;

Figure 9. Molar A/NK vs A/CNK diagram showing the per-
aluminous character of Yaoundé leucosomes. Symbols as in
Figure 6.

with upper intercept at 2127 + 150 Ma and the lower
intercept at 911 + 56 Ma (Figures 18(a) and (b)). This
means that the metapelitic rocks (in situ leucosomes rich)
of the Yaoundé series underwent Paleoproterozoic his-
tory (2127 + 150 Ma) before the overprinting of an early
Pan-African event at around 911 Ma.

Zoned zircon crystals were also analyzed and their ra-

Copyright © 2012 SciRes.

Figure 16) and probably corresponds to the melting age.
The Tonien-Stenien event (911 - 1122 Ma) is new in the
Yaoundé¢ series and in the Pan-African North-Equatorial
Fold Belt in general. This period can be interpreted as the
beginning of metamorphism in the Yaoundé¢ series.

5. Discussion

5.1. Origin and Petrogenesis of Leucosomes in
the Yaoundé Series

Peraluminous magmatism is commonly associated to the
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Figure 11. Chondrite-normalized REE patterns (the normalising values are from Jahn et al., 1978) for in situ leucosomes (a)

and injected leucosomes (b).

deformed and metamorphosed rocks of the orogenic belt
(along faults and shear zones) or occurs as syn to
post-tectonic plutons [47-49]. Three main models have
been proposed to explain the formation of peraluminous
granitoids: 1) partial melting of quartzo-feldspathic or-

Copyright © 2012 SciRes.

thogneisses [50]; 2) reaction between basaltic melts and
crustal rocks [51]; and 3) the spatial association and the
presence of metasedimentary enclaves in the leucogra-
nites suggesting an origin from partial melts of meta-
sedimentary rocks [13,52,53].
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Table 5. Electron microprobe analyses of monazite from Yaoundé leucosomes (sample OL3B). Monazite ages from single

analyses are given with minimal error (see text).

Sample oL3B
No SiO, AlLO; P,0s CaO La0; Ce0O; Pr,0; Sm,O; Nd,O; Eu,0; Gd,03 ThO, UO, PbO SrO Y,0; Total Age

Madmon 233 0.00 2479 0.16 7.10 24.15 372 515 16.17 0.00 2.58 13.82 054 033 0.00 141 102.25 489
8 0.41 0.01 3037 135 14.04 2925 292 1.79 11.85 0.60 0.62 636 031 0.18 0.13 0.01 100.17 559
9 0.28 0.00 3038 131 1451 29.11 286 205 11.79 0.68 1.05 5.04 0.83 0.19 0.16 0.34 100.56 565
10 031 0.00 2993 134 1444 2892 3.08 195 1208 0.65 094 548 0.67 020 0.15 0.23 10034 596
11 032 0.00 2998 135 13.89 2941 3.04 191 1236 059 0.71 6.03 034 0.19 0.13 0.01 100.26 631
12 042 0.00 29.83 143 13.87 29.07 2.84 186 11.69 052 0.70 6.63 037 020 0.14 0.04 99.61 590
13 046 0.03 29.19 141 13.74 2894 328 191 13.00 058 070 648 035 0.18 0.14 0.01 10041 563
15 046 0.01 3005 135 14.13 29.16 3.11 1.81 1245 0.62 0.60 6.16 029 0.17 0.15 0.01 100.51 550
17 059 0.16 2939 138 14.00 28.02 3.07 195 1227 0.64 1.04 536 043 0.17 0.15 0.07 9870 602
18 0.28 0.05 30.08 123 1437 28.62 294 184 1134 0.66 099 541 040 0.17 0.16 0.13 98.64 600
19 033 0.05 29.78 128 1437 2853 281 194 11.06 0.69 1.09 543 0.59 0.19 0.14 031 9857 597
20 032 0.11 3041 125 1448 2893 3.13 196 1220 0.68 096 524 045 0.18 0.15 0.09 100.54 613
21 026 0.05 2643 094 892 1945 2.07 113 759 042 054 399 033 0.13 012 0.10 7247 607
22 029 0.06 2535 1.01 1055 1923 207 1.17 794 050 057 420 081 0.17 0.15 0.05 7412 565
23 0.26 0.09 30.18 0.83 16.22 30.10 3.00 1.82 11.79 0.67 1.10 244 0.77 0.13 0.15 0.16 99.72 615
24 033 0.05 2992 129 14.11 2829 291 202 1198 0.70 1.03 552 050 0.18 0.15 0.06 99.02 605
25 032 0.03 29.84 128 1428 28.69 279 195 1152 065 1.06 553 047 0.17 0.13 0.08 9881 572
26 033 0.02 3037 140 1425 2850 3.02 1.89 1246 0.67 1.05 596 0.50 020 0.13 0.07 100.82 611
27 0.27 0.01 30.13 138 1425 28.66 2.88 1.84 1156 0.62 1.01 6.00 049 020 0.13 0.07 99.48 606
28 032 0.02 29.69 139 1427 2843 291 188 11.67 0.65 1.01 6.08 0.50 0.19 0.14 0.09 99.21 579
29 026 0.02 25.10 1.04 10.06 1937 2.04 1.15 756 042 0.61 483 039 0.15 014 0.06 73.18 576
30 041 0.04 2857 139 1421 2843 3.04 183 1235 0.69 106 6.06 049 020 0.16 0.11 99.05 615
31 029 0.02 2998 137 14.60 2891 293 1.83 11.82 066 1.01 566 048 0.19 0.16 0.10 100.00 616
32 033 0.03 30.05 128 1440 2894 3.07 1.74 1205 0.64 101 559 042 0.17 0.14 0.10 9995 573
33 033 0.01 29.83 1.40 1434 28.77 3.01 1.78 11.51 0.65 1.01 6.07 0.50 020 0.15 0.09 99.65 596
43 0.40 0.02 3035 1.28 1431 2940 293 164 11.71 0.63 0.76 5.65 038 0.18 0.12 0.05 99.82 628
45 035 0.01 3025 1.25 14.14 2954 299 183 1224 0.63 0.75 550 039 0.18 0.14 0.02 100.20 609
47 037 0.02 3053 128 1423 2922 293 173 1193 0.64 096 535 0.69 020 0.12 0.13 100.32 602
48 030 0.11 2994 1.19 1437 29.04 3.03 197 11.83 0.67 097 509 043 0.16 0.14 0.10 9935 594
50 0.28 0.07 2999 1.24 14.66 29.05 291 1.98 11.80 0.78 097 5.12 068 0.19 0.15 025 100.10 608
82 029 0.01 3038 1.24 1437 2864 3.06 191 1233 0.77 1.14 473 079 0.18 0.14 0.57 100.55 581
52 029 0.10 2996 124 1441 29.18 3.19 196 1227 0.64 090 537 038 0.17 0.14 0.05 100.23 615
73 029 0.03 30.17 1.27 1429 2844 291 1.79 11.84 0.76 1.09 497 0.84 0.19 0.16 057 99.61 578
74 020 0.01 29.74 0.64 1490 2946 3.03 199 11.62 0.89 144 231 0.71 0.13 0.15 0.69 9789 638
75 033 0.02 29.84 141 1446 28.00 3.00 186 11.59 0.81 098 6.03 090 022 0.16 026 9985 572
76 021 0.00 30.13 0.75 14.51 29.50 3.13 196 12.04 094 134 281 086 0.14 0.15 0.72 99.19 574
77 035 0.00 29.88 141 1442 28.00 273 1.86 1138 0.80 092 571 094 022 0.15 0.15 9891 585
79 022 0.00 3041 0.70 14.81 29.01 3.04 192 1196 088 130 254 094 0.14 0.14 0.88 98.87 569
81 026 0.02 3058 122 1454 2861 3.12 1.85 1210 0.78 1.17 484 082 0.20 0.13 0.57 100.80 612
49 033 0.10 2834 124 14.65 2840 296 180 1196 0.69 099 514 0.68 020 0.17 042 98.06 625
51 035 0.11 29.19 1.27 1440 29.07 293 1.77 1247 0.66 0.73 566 031 0.18 0.14 0.03 9926 639
16 032 0.00 2997 131 1424 29.01 3.14 204 1272 0.63 1.00 5.68 037 0.19 0.15 0.02 100.79 644
34 029 001 2458 095 9.62 2090 222 092 861 047 075 494 030 0.16 0.16 0.09 7498 645
42 0.35 0.01 30.07 138 13.79 28.77 3.00 186 1251 0.61 0.75 6.19 037 020 0.14 0.05 100.04 650
44 038 0.02 30.15 127 1427 2958 293 167 11.81 0.61 072 571 037 0.19 0.14 0.04 99.87 661
78 036 0.01 2995 1.19 1428 2834 3.06 188 11.68 0.69 131 515 052 0.19 0.14 051 99.26 645
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Figure 12. Backscattered electron images of selected dated monazite crystals in Yaoundé leucosomes: (a) and (b) Globular
shape crystals; (c) and (d) Prismatic crystals.

Table 6. LA-ICP-MS U-Pb results for zircons from leucosomes in metapelite of the Yaoundé series.

Isotopic ratios Apparent ages
Sample rho
2Pp/®Ph %26  PPb/PU 26 PPLA®U 26 PPL/Pb 26 Pb®U 26 Pb/f®U 26
Z6 0.0605 0.8766 0.8432 3.19 0.1011 3.07 620.9815 1891 620.8974 14.82 620.8744 18.16 0.96
Z9 0.0647 1.0745 1.0648  2.08 0.1194 1.78  763.8462  22.64 736.1893 10.87 727.1329 12.22 0.86
Z11 0.0602 0.8210 0.9097 1.95 0.1096 1.77  610.7711 1774  656.8983 9.44 670.4097 11.27 091
Z14 0.0615 0.9516 0.8467 2.26 0.0998 2.04 657.5927 20.41  622.8499 10.50 613.3286 11.96 0.91
Z16 0.0597 1.0440 0.8588  2.07 0.1044 1.79  592.0281 22.63 6294851 9.72  639.9615 10.90 0.86
Z18 0.0599 1.3962 0.9419  2.61 0.1141 220  599.6740  30.23  673.8698 12.85 696.2775 14.55 0.84
723 0.0598 1.1160 0.8539 3.77 0.1036  3.61 595.9765 24.18  626.8027 17.65 6353784 21.82 0.96
727 0.0602 0.8331 0.8535 3.09 0.1029 298 609.2004 18.01  626.5621 14.46 631.3819 1791 0.96
728 0.0601 0.9413 0.9017 3.86 0.1087  3.75 608.8288 2035 652.6611 18.59 665.4089 23.68 0.97
729 0.0604 1.1882 0.8103 2.50 0.0973 2.19  618.0647 25.65 602.6232 11.34 598.5263 12.54 0.88
Z31 0.0600 5.5132 0.8380  3.95 0.1013 349 603.6146 115.02 618.0268 12.31 621.9688 20.77 0.88
733 0.0578 3.2449 0.8111 2.45 0.1017 1.69  523.8707 69.62  603.0479 6.46 624.3219 10.14 0.69
737 0.0602 1.0918 0.8647 3.04 0.1042 2.83 609.3628  23.60 632.6981 14.29 639.2483 17.23 0.93
738 0.0593 3.7630 0.8331 2.70 0.1019  2.16 577.5185 79.74 6153266 7.25 625.6504 12.97 0.80

The leucosomes of the Yaoundé series are characteri-
zed by: 1) their peraluminous affinity; 2) their Rb/Zr
weak ratios (0.2 - 6.38) characteristic of granites of
crustal origin [54]; 3) the relative low content in Sr (1.93 -
499), the relative enrichment in K,O (1.52 - 5.18) and the
relatively low contents in CaO (1.24 - 3.04) characteristic
of the rocks of pelitic origin [55]. Their chemical compo-

Copyright © 2012 SciRes.

sition is similar to S-type granite from S-type Transama-
zonian and Hercynian peraluminous leucogranites [55,
56] and to that of melts produced experimentally from
sedimentary protoliths [57,58]. The enrichment in alkali
in relation with CaO is characteristic of calc-alkaline
Cordillera type granitoids [59]. In molar diagram
CaO/(MgO + FeOt) vs ALO;/(MgO + FeOt) of Altherr
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Figure 13. Mineral chemistry of monazites vs Th-U-Pb
chemical ages of sample OL3A. (a) Y,0O; of monazites vs
age; (b) ThO, of monazite vs age; (c) UO, of monazites vs
age.
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Figure 14. Mineral chemistry of monazites vs Th-U-Pb
chemical ages of sample OL3B. (a) Y,03; of monazites vs
age; (b) ThO, of monazite vs age; (¢) UO, of monazites vs
age.
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Figure 15. (a) Th-U-Pb CHIME model ages for Yaoundé leucosomes. Total PbO vs Thoz (wt%o) isochron diagram; Thoz

= ThO, + UO, equivalents expressed as ThO,, after [46]. Isochron age derived from these diagrams broadly match weighted
average ages calculated for the rocks according to [34]; (b) Histogram view of EMP-Th-U-Pbh monazite ages.

Table 7. LA-ICP-MS U-Pb results for zircons from leucosomes in metabasite of the Yaoundé series.

Isotopic ratios Apparent ages
Sample
DPpPh 26 PPhAPU 26 PPBAPU 26 PPhi®Pb 26 PPbAPU 26 PPHPU 26

Z1 0.0619 0.99 0.7891 2.18 0.0924 1.95 671.1023 21.19  590.6603 9.78 569.9372  10.61
Z2 0.0613 0.95 0.8539 2.12 0.1009 1.89 651.3840 20.50  626.7634 9.92 619.9625 11.19

Z2 nuc 0.0616 0.97 0.8047 2.17 0.0947 1.94 660.5042 20.81  599.4976 9.82 583.4934  10.82
YA] 0.0624 1.64 0.8284 3.68 0.0962 3.29 689.4344 35.00 612.6979 1691  592.1415 18.61
74 0.0615 1.03 0.8250 243 0.0972 2.20 657.8133 22.09 610.8348 11.16  598.2421 12.58
Z5 0.0617 0.79 0.8257 1.94 0.0971 1.77 663.6617 16.94  611.2062 8.89 597.1463  10.08
Z6 0.0627 0.72 0.8322 1.82 0.0962 1.68 699.7667 15.28  614.8545 8.41 592.0477 9.48
z7 0.0613 1.66 0.8491 3.84 0.1005 3.46 649.7675 35.65 624.1353 1791 617.0873  20.38
VA 0.0605 0.89 0.8205 1.91 0.0984 1.69 620.1877 19.29  608.3527 8.74 605.1796 9.74
Z9 0.0613 1.00 0.8383 2.23 0.0991 1.99 651.4618 21.54  618.2209 1031  609.1809  11.56
Z10 0.0610 0.70 0.8326 1.63 0.0990 1.47 638.4511 15.04  615.0440 7.51 608.7049 8.54
Z11 0.0612 1.39 0.7908 3.18 0.0938 2.86 644.7045 2990 591.6114 1427 577.8623 15.82
Z12 0.0617 0.89 0.8647 1.90 0.1016 1.68 663.8725 19.06  632.7046 8.96 624.0163  10.00
Z13 0.0622 0.70 0.8577 1.49 0.1000 1.31 681.9553 15.01  628.8560 6.96 614.1906 7.66
Z16 0.0611 0.65 0.8468 1.40 0.1005 1.23 642.4081 14.03  622.8909 6.50 617.5314 7.26
z17 0.0607 1.95 0.8335 4.34 0.0996 3.87 629.0979 42.02 6155313  20.02 611.8495 22.61

et al. [60], the in situ leucosomes are plotted in the field
of partial melts from metapelite source whereas the in-
jected leucosomes are plotted in the field of partial melt
from metagreywacke source (Figure 20). These sources,

Copyright © 2012 SciRes.

which are predominantly found in the upper part of the
continental crust, allow us to confirm that the source of
in situ leucosomes was the metapelitic host rocks and to
suggest that the injected leucosomes are originated
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Table 8. LA-ICP-MS U-Pb results for no zoned zircons from leucosomes in metapelite of the Yaoundé series.
Isotopic ratios Apparent ages

Sample rho

Phf%Ph  %2s  PPbPPU 26 PPb®U 26 PPbP®Pb 26 P'PbPPU 26 PPbi®U 26
Z1 0.1200 0.99 51092 373 03088 3.6 1955922 17.64 1837.6284 31.68 1735.0134 54.73 0.96
Z2 0.0674 1.37 1.2642 2.56 0.1360 2.17  850.7457 2838 829.7947 14.52 821.9938 16.71 0.85
z5 0.0717 1.43 1.4640 3.14 0.1481 2.79  977.7781  29.07 915.6620 18.92 890.1041 23.23 0.89
uQz 0.0787 1.16 2.1010 2.28 0.1936 1.97 1164.735 22.89 1149.1404 15.7 1140.8935 20.57 0.86
Z10 0.0749 1.42 1.6876 2.46 0.1634 2.01 1066.207 28.5 1003.8718 15.67 975.5618 18.17 0.82
Z13 0.0616 5.10 1.1773 3.68 0.1387 3.17  659.0272  105.7 790.0483 11.03 837.2553 2498 0.86
Z15 0.0719 1.16 1.5949 518  0.1608  5.05 983.6733 23.53 968.2228 3232 961.4305 45.09 0.97
Z17 0.0723 0.86 1.6499 1.7 0.1654 1.47 9952298 17.48 989.5054 10.78 986.9260 13.47 0.86
Z19 0.0768 1.37 1.8392 3.69 0.1737 342 1115352 2733 1059.5748 24.26 1032.7020 32.68 0.93
Z21 0.1335 0.71 7.0269 1.95 0.3818 1.82 2144.12 12.34 2114.8390 17.35 2084.8607 32.4 0.93
724 0.0701 1.61 1.4446 2.45 0.1495 1.85 931.2847 3298 907.6365 14.71 897.9478 1552 0.76
Z25 0.0742 0.89 1.6954 2.29 0.1658 2.12  1046.221 17.86 1006.8130 14.65 988.8027 194  0.92
726 0.0722 0.82 16791  1.69 0.1687 148 991733  16.62 1000.6451 10.77 1004.7177 13.78 0.88
730 0.0706 0.98 1.5056 2.17 0.1547 1.94 945.2829 20.05 932.6642 13.27 927.3334 16.77 0.89
734 0.0658 1.18 1.1546 2.07 0.1272 1.7 801.4074 24.78 779.4286 11.26 771.7750 12.36 0.82
735 0.0928 2.40 24133 3.74 0.1886 2.87 1483.716 4539 1246.5718 26.85 1113.8944 2938 0.77

Table 9. LA-ICP-MS U-Pb results for zoned zircons from leucosomes in metapelite of the Yaoundé series.
Isotopic ratios Apparent ages

Sample rho

2ph%Ph %26 'PbP®U 26 PPb®U 26 PPbiPb 26 P'Pb®U 26 PbPPU 26
Z3 core 0.0514 6.24 0.6940 4.02 0.0980 3.14  257.1465 1374 535.1780 11.21  602.6236 184 0.78
73 rim 0.0647 121 09043  3.64  0.1014 343  764.6318 2551 654.0077 17.54  622.4003 2035 0.94
Z4 core 0.0752 0.82 1.7795 1.98 0.1716 1.8 1073.652 16.38 1037.9923 12.84 1021.1423 16.99 0.91
Z4 rim 0.0524 6.32 0.6650 3.93 0.0921 2.13 301.5535 138.1  517.6816 12.1 567.9469 1194 0.54
Z7 core 0.0756 1.38 1.7610 3.94 0.1690 3.69 1083.34 27.6  1031.1986 25.52 1006.7896 34.42 0.94
Z7 rim 0.0620 1.27 0.8475 2.64 0.0991 232 6747792 2725 623.2645 1232  609.1674 13.47 0.88
Z8 rim 0.0604 2.30 0.8478 3.17 0.1018 2.18 617.074 49.6 623.4189 1475  625.1686 12.99 0.69
Z8 core 0.0763 2.64 1.4847 6.29 0.1410 5.71 1104.207 52.7 924.1597 38.14  850.5465 4547 091
712 core 0.0701 1.56 13590 458  0.1405 431 9323045 31.94 871.4548 26.82 847.7063 3425 0.94
Z12 rim 0.0615 1.09 0.9102 2.43 0.1073 2.18  657.5111 2339  657.1412  11.77  657.0335 13.59 0.89
Z20 core 0.0724 0.81 1.7784 2.95 0.1782 2.84  996.8004 16.37 1037.6119 19.16 1057.0889 27.64 0.96
720 rim 0.0603 1.26 0.7989 2.59 0.0961 226  614.6519 2727 596.1838 11.69 591.3409 12.79 0.87
Z32 core 0.0671 4.16 1.0508 2.97 0.1136 2.71 839.9745 84.22  729.2884 8.31 693.7953 17.9 091
Z32 rim 0.0604 0.97 0.8606 1.76 0.1033 1.47 6195192 2092 630.4761 8.28 633.5354 8.885 0.84
Z36rim 0.0732 .11 1.6318 212  0.1618 1.8 1018486 2252 9825622 13.34  966.5619  16.18 0.85
736 core 0.0762 1.54 1.8670 2.6 0.1777 2.1 1100.841 30.76  1069.4846 17.21 1054.1738 20.41 0.81

Copyright © 2012 SciRes. G
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Figure 16. U-Pb Concordia diagram ages for zircons from
leucosomes in metapelite of the Yaoundé series.
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Figure 17. U-Pb Discordia diagram for zircons from leu-
cosomes in metabasite of the Yaoundé series.

from melting of metagreywacke. The difference between
the two types of leucosomes could be linked to the dif-
ference in the composition of their source and the prob-
able contamination during transportation of the melting
material (displacement and injection of magmatic lig-
uids). Thus the melting phenomenon observed in the
Yaoundé¢ series has not only affected the metapelitic
rocks of this series but also the metagreywacke of the
upper part of the crust as proposed in the other domains
of the PANEFB. The proposed source for the leucosome
of theYaoundé series is similar to that for the Akum-
Bamenda leucogranites [4] and for the two-mica grani-
toids of Bafoussam area [21].

5.2. Comparison with the Granitoids of the
PANEFB

The leucosomes of the Yaoundé series are silica-rich

Copyright © 2012 SciRes.
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Figure 18. (a) Histogram of ages showing the different
thermal event recorded by zoned zircons from leucosomes
in metapelite of the Yaoundé series; (b) U-Pb Discordia
diagram ages for these zircons.

(71.91 - 74.41 wt% SiO,; Table 10). The alkali concen-
tration (Na,O + K,O =3.53 - 9.11 wt%) and the variable
K,0/Na,O ratios between 0.6 and 2 are characteristics of
the high-K calc-alkaline to shoshonitic series (Figure
21(a)) as proposed for the granitoids of the central do-
main of the PANEFB [4,21-24,61-63]. The leucosomes
of the Yaoundé¢ series are peraluminous with the charac-
teristics of S-type (in situ leucosomes) and I-type (in-
jected leucosomes) granite. In the alumina index com-
parison diagram (Figure 21(b)), the in situ leucosomes
show similar composition with Akum-Bamenda leuco-
granites [4] and two-mica granitoids of Bafoussam [21]
whereas injected leucosomes are closer to the Banefo-
Mvoutsaha granitoids [22] and to high-K calc-alkaline
granitoids of Bapa-Batié [24]. These leucosomes can
therefore be considered as peraluminous granite associ-
ated to the orogenic belt such as those described in [47-
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Figure 19. (a) Histogram showing the different thermal
event recorded by no zoned from leucosomes in metapelite
of the Yaoundé series; (b) U-Pb Discordia diagram ages for
these zircons.
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Figure 21. SiO, vs K,0O (a) and molar A/NK vs A/CNK (b)
diagrams showing the same calc-alkaline, high-K to shosho-
nitic affinity, peraluminous character of the Yaoundé leu-
cosomes, Akum-Bamenda leucogranites and two-micas gra-
nitoids of Bafoussam.

49].

The average Sr contents of Yaoundé leucosomes (218
ppm in in situ leucosomes, 410.63 ppm in injected leu-
cosomes) are closer to those of Akum-Bamenda leu-
cogranites (307.39 ppm, Table 10), high-K calc-alkaline
granitoids of Bapa-Bati¢ (111 - 609 ppm) and Tonga (281 -
780 ppm). The REE patterns of Yaoundé leucosomes and
those of the granitoids of the central domain of the
PANEFB are strongly parallel (Figure 22).These spectra
show that the leucosomes of the Yaound¢ series, as the
other granitoids of the PANEFB, are strongly fraction-
ated, with HREE depletion and LREE enrichment.
However, the Yaoundé in situ leucosomes are more de-
pleted in LREE and enriched in HREE than the Akum-
Bamenda leucogranites and the two-mica granitoids of
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Table 10. Compared average chemical analyses of the Yao-
undé leucosomes, Akum-Bamenda leucogranite and two-
micas granitoids of Bafoussam.

Yaoundé leucosomes PANEFB Leucogranites

. Akum-Bamenda | Wo-mica
Rocks In situ Injected Leucogranites” ganitoids 01
Bafoussam
SiO, 74.41 71.96 71.17 73.10
AlLLOs 12.29 15.59 15.81 14.47
Fe,04 3.59 1.15 243 1.44
MnO 0.06 0.02 0.04 0.04
MgO 1.59 0.38 0.51 0.22
CaO 1.86 2.12 1.07 0.67
Na,O 2.92 3.57 3.87 3.29
K,0 1.69 3.99 4.21 5.09
TiO, 0.53 0.27 0.29 0.17
P,0s 0.01 0.00 0.09 0.10
LOI 0.66 0.53 0.55 0.84
Rb 43.33 79.63 201.38 385.67
Sr 218.00 410.63 307.39 86.00
Zr 124.67 78.75 201.34 104.33
Nb 3.67 0.63 27.22 24.33
Y 20.83 12.50 48.41 13.33
La 16.36 24.60 29.99 44.87
Ce 33.18 48.37 60.79 77.60
Nd 15.46 22.51 24.44 30.22
Sm 3.67 4.52 4.34 5.51
Eu 1.61 1.86 1.12 0.48
Gd 3.28 3.46 4.02 3.72
Dy 2.95 1.80 2.68 2.36
Er 1.72 0.48 1.28 1.00
Yb 1.88 0.38 1.01 0.98
Lu 0.30 0.08 0.14 0.14
K/Rb 157.67 480.13 209.26 131.98
Rb/Sr 0.13 0.21 0.83 4.48
Ca/Sr 35.26 36.69 34.65 77.52
(Ce/Sm)N 2.14 3.19 3.31 3.32
(Gd/Yb)N 1.43 7.37 3.21 3.04
(Ce/YD)N 4.74 36.42 15.43 20.20
Eu/Eu* 1.45 4.24 0.83 0.33

*Average of whole rock analyses of [4]; **Average of whole rock analyses of

[21].
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Figure 22. Chondrite-normalized REE comparison patterns
for the Yaoundé leucosomes, Akum-Bamenda leucogranites
and two-micas granitoids of Bafoussam.

Bafoussam. The REE patterns also show positive Eu
anomalies for the Yaoundé leucosomes and negative to
null Eu anomalies for the Akum-Bamenda leucogranites
and the two-mica granitoids of Bafoussam. This con-
trasting Eu behaviour can be attributed to the difference
in the geodynamic setting (tectono-metamorphic context
in Yaoundé and tectono-magmatic context in the other
domain of the PANEFB) of the emplacement of these
granitoids.

5.3. Uniqueness of the Melting/Magmatism
during the Pan-African Orogeny

The Palaeoproterozoic protolith (2127 Ma) of Yaoundé
series underwent metamorphism between 1122 and 911
Ma. The Nd isotopic signature confirms the presence of
late Paleoproterozoic to Archean relics in the central
domain of the PANEFB [3,19,20,64-66]. In the SE of
Tibati-Banyo shear zone, Pan-African granitoids derived
from melting of a Paleoproterozoic crust with low par-
ticipation of juvenile magma [3,18,62,66,67]. These ob-
servations confirm the initial existence of Paleoprotero-
zoic formations in the three domains of the PANEFB in
Cameroon.

The melting or the magmatism responsible for the
leucosomes emplacement in the Yaoundé series occurred
between 658 and 620 Ma. This magmatism is contempo-
raneous:

1) In the central domain, with the emplacement of
two-mica granitoids of Bafoussam (564 - 558 Ma, EMP
age; [21]), high-K calc-alkaline granitoids of Bapa-Batié¢
(619 - 600 Ma, U-Pb age on zircon; [24]), and synkine-
matic granitoids of Tonga (618 Ma, U-Pb age on zircon;
[19]);

2) In the northern domain, with the Pan-African (630
Ma, U-Pb age on zircon; [15]) calc-alkaline Syn-D, plu-
tonism (diorite, granodiorite and tonalite);

3) In the eastern Cameroon, with the continental
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magmatism responsible for the emplacement of Pan-
African (614 + 41 Ma) peraluminous granite and diorite,
orthogneisses at 621 £ 13 Ma [25]. These orthogneisses
are very abundant at the Cameroon-Central African Re-
public boundary.

For the above observations, the following interpreta-
tions could be made:

1) The high-K calc-alkaline to shoshonitic affinity of
granitoids is observed in both central domain [4,19,21,
22,24,63], northern domain [15] and southern domain (as
revealed by this work) of the PANEFB. With the ubiq-
uity of the high-K calc-alkaline affinity in the PANEFB,
we suggest that a former crust, widespread from the
south to the north, was involved in the genesis of these
rocks as outlined in [3,5,6];

2) The generalization of magmatism or melting in the
whole PANEFB during the Pan-African orogeny be-
tween 592 and 658 Ma;

3) The existence of two sources (metapelite and meta-
greywacke sources) for the peraluminous granitoids of
the PANEFB.

All these interpretations allow us to propose, in addi-
tion to metamorphism and tectonics, the existence of a
unique magmatic event along the entire PANEFB in
Cameroon.

6. Conclusions

The main conclusions obtained from this study are the
following:

1) The Yaoundé¢ series is composed of metasediment
and metabasite which have been metamorphosed during
Tonien-Stenien (911 - 1127 Ma) period.

2) These rocks have been affected by a melting re-
sponsible for the S-type and I-type peraluminous leu-
cosomes emplacement. These leucosomes are calc-alka-
line, high-K to shoshonitic affinity similar to the other
granitoids of the PANEFB.

3) Geochemical data reveal that in situ leucosomes de-
rived from the melting of the host metapelite whereas
injected leucosomes derived from the melting of meta-
greywacke. These sources are similar to those of grani-
toids from central and northern domains of the PANEFB.

4) The melting responsible for the genesis of leu-
cosomes in the Yaoundé series took place between 592
and 658 Ma as the magmatism responsible for the em-
placement of granitoids in the other domains the PANEFB.

5) There is therefore uniqueness of melting and mag-
matism all over the PANEFB as the uniqueness observed
in metamorphic and tectonic aspects.
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