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Abstract: The ferriferous high-K calc-alkaline rocks of the Banefo-Mvoutsaha Massif, Pan-African Belt, Central
Cameroon, were synkinematically emplaced in a sinistral strike-slip shear zone of Pan-African age. The rock sequences
consist of orthogneises made of coarse-grained granites, quartz-monzonites, and medium- to fine-grained granodiorites,
ranging from ca. 55 to 75 wt.-% SiO,. They display characteristics of shoshonitic and high-K calc-alkaline series.
Orthogneises are metaluminous to peraluminous and show characteristics of I-type granitoids from a ferriferous series.
Trace element distribution patterns reveal rocks enriched in LILE when compared to HSFE and distinctively depleted in
Th, Nb, Ba, Sr, Ti and Ta. The data indicate that this granitic rock assemblage did not result from the simple
differentiation of a common parental magma, but show that Banefo-Mvoutsaha plutonic rocks were derived from different
crustal protoliths. Major and trace element composition are consistent with the magmatism which may have involved
remelting of (1) a composite metagreywackes protolith in the upper crust and (2) amphibolitised high-K calc-alkaline
basaltic andesites in the central domain of the PANEFB (Pan-African North Equatorial Fold Belt). The plutonic rocks of
Banefo-Mvoutsaha area resemble other Neoproterozoic high-K calc-alkaline syntectonic plutons in Western Cameroon.
They also display strong similarities with high-K calc-alkaline plutons of the Pernambuco shear zone in NE Brazil and

Eastern Nigeria.

Keywords: Metaluminous, orthogneises, ferriferous series, syntectonic, I-type granites, high-K calc-alkaline, crustal protoliths,

Pan-African fold belt, Cameroon.

1. INTRODUCTION

In orogenic belts, there is a strong connection between
deformation, metamorphism and granite generation. Igneous
and metamorphic rocks provide significant information on
collisional magmatic processes within the continental
lithosphere and their contribution to the intra-crustal
recycling of the continental crust, and may also constrain the
tectonic environment (e.g. [1, 2]). There is general
agreement that highly differentiated leucogranitic magmas
(leucogranites) could be mostly related to anatectic products
of metapelitic crustal sources [3-5] although the heat sources
for their production have remained controversial [6].
Associated intermediate to basic plutonic rocks are typically
lacking. Considering such potential implications, we report
new petrographic and geochemical data on a Precambrian
Banefo-Mvoutsaha granitic rock assemblage in the Pan-
African, North-Equatorial Fold Belt (PANEFB). In this
study we examine the geological significance and
petrogenesis of orogenic Pan-African metaluminous and
ferriferous magmas from the central part of the PANEFB in
Cameroon (Fig. 1). We focus on a 600 Ma rock association

*Address correspondence to this author at the Laboratory of Petrology and
Structural Geology, Faculty of Science, University of Yaoundé I, PO Box
3412 MESSA-Yaoundé, Cameroon; Tel: +237 94 85 64 73;

E-mail: jnzenti@yahoo.com

1874-2629/10

from the Banefo-Mvoutsaha Massif, central part of central
Cameroon, and compare it with similar rock types studied in
this region. The good exposure of apparently co-magmatic
metaluminous and potassic rocks spanning a continuous
range of chemical compositions (ca. 55 to 75 wt-% SiO,)
makes the Banefo-Mvoutsaha Massif a key site to study the
formation of orogenic ferriferous, metaluminous, calc-
alkaline magmas in this part of the PANEFB. We use major
and trace element geochemistry to constrain the petrogenesis
of the Banefo-Mvoutsaha rocks.

2. REGIONAL GEOLOGICAL SETTING

The Mvoutsaha Massif is located in the eastern central
part of the central domain of the PANEFB in Cameroon
(Fig. 1). The PANEFB or Central African Orogen is a major
Neoproterozoic Orogen linked to the Trans-Saharan Belt of
western Africa and to the Brasiliano Orogen of NE Brazil. In
Cameroon, the Pan-African fold belt, which is partly covered
by basalts and trachytes of Tertiary to Recent age, is made
up of three domains [7-12]. These are from South to North
(Fig. 1): (i) the Southern domain comprise Neoproterozoic
metasedimentary units, such as the Yaoundé, Mbalmayo and
Ntui-Betamba series. The protoliths of these units were
deposited in a passive margin environment at the northern
edge of the Congo Craton and were metamorphosed under
high P conditions (T = 750-800°C, P = 0.9-1.3 GPa) at
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Fig. (1). (a) Geological reconstruction of Africa and NE Brazil for the Late Precambrian after [18]. CCSZ: Central Cameroon Shear Zone;
PF: Pernambuco Shear Zone; SF: Sanaga Fault; TBF: Tibati-Banyo Fault. (b) Geological map of Cameroon with the three main domains of
the Pan-African North-Equatorial Fold Belt modified from [7, 9, 10, and 11]: (1) southern domain corresponding to the Yaound¢ series thrust
on the Congo Craton, (2) central domain, (3) northern domain; granitoids suites are not further distinguished. CCSZ: Central Cameroon
Shear Zone; DS: Dja series; NS: Nyong series; NT: Ntem complex; SF: Sanaga Fault; TBF: Tibati-Banyo Fault. Location of study area is
marked by a square in 1A and star in 1B.
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616 Ma [10, 13]. A Pan-African meta-igneous rock
assemblage comprising alkaline ultramafic to metagabbros
and amphibole-bearing alkaline orthogneisses [10, 14] was
also recognised in association with these Neoproterozoic
units. The rocks of this Southern domain were thrusted onto
the Archean Congo Craton towards the South [15, 16]. The
thrust extends eastwards, forming the Oubanguides Nappe in
the Republic of Central Africa. (ii) The central domain is
situated between the Sanaga fault to the south and the Tibati-
Banyo fault (Fig. 1) to the north [17]. These large, NE-
striking transcurent faults, as well as the Adamaoua fault
inside the central domain, are regarded as possible
prolongations of the major shear zones of NE Brazil in a pre-
drift Gondwana reconstruction [18]. This central domain
consists of an assembly of fragments of Paleoproterozoic
continental crust recrystallized under high-grade granulite
facies (850-900°C, 1-1.2 GPa) at ca 2100 Ma [11, 12, 19]
intruded by widespread Neoproterozoic syntectonic plutonic
rocks of high-K, calc-alkaline affinities [7, 9, 20-26]. The
study area belongs to the eastern central part of the central
domain (Fig. 1, 2). (iii) The Northern domain consists of rest-
ricted 830 Ma metavolcanics of tholeiitic and alkaline
affinities associated with metasediments (Poli series) and of
widespread 630-660Ma calc-alkaline orthogneisses interpreted
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as a major episode of accretion [27]. A Paleoproterozoic
crustal source in this region is attested by the presence, in the
orthogneisses, of 2 Ga old inherited zircons in the
orthogneisses [27, 28].

3. GEOLOGY OF THE BANEFO-MVOUTSAHA
MASSIF

The Banefo-Mvoutsaha Massif comprises neoproterozoic
magmatic rocks and migmatites [29] (Fig. 2, Geological
map). It is a N70°E elongated Massif, which comprises more
or less orthogneissified high-K calc-alkaline granitoids,
which crop close to the Cameroon Central Shear Zone
(CCSZ). The granitoids are intruded as a series of sheets
(Fig. 3) showing contacts generally strike-parallel to the
main mylonitic foliation observed in the shear zone. The
massif is a single geomorphologic unit, poorly surveyed and
without previous geochemical studies; but for a few
geochronological data indicating U-Pb zircon age of 602 +
1.4 Ma for the coarse-grained orthogneisses [21]. The
Banefo-Mvoutsaha Massif comprises Neoproterozoic
magmatic rocks and migmatites [29]. The granitoids are
intruded as a series of sheets (Fig. 3) with the contact
generally striking parallel to the main mylonitic foliation in
the shear zone.
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Fig. (2). Geological map of the Banefo-Mvoutsaha Massif.
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Fig. (3). Field aspects and photomicrographs of granitoids. (A) Coarse-grained granite with pink feldspar phenocrysts. (B) Granite
photomicrograph; (C) Contact between the granite and quartz monzonite denoted by white broken line. (D) Quartz monzonite
photomicrograph. (E) Contact between the quartz granodiorite and granite shown by broken line; (F) photomicrograph of granodiorite; (G,
H): Pictures of the migmatite.
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The orthogneisses contain veins of fine-grained granites
which are cross cut by the mylonitic foliation. These fine-
grained granites are light in colour than the host rock but less
deformed, and show aplitic texture. The mineral composition
is the same as in the host granite.

The granitoids grade into migmatitic gneisses and all of
them present similar deformational features, as well as the
same structural patterns. Moreover, enclaves of the
migmatitic gneisses are observed in the granitoids. The
above field characteristics point to a probable granitoids
syntectonic intrusion.

4. ANALYTICAL METHODS

Twenty four representative samples were sent to
commercial ACME Analytical Laboratories Ltd, Vancouver,
Canada for whole rock chemical analysis. Representative
Major and trace elements data of granitoids from the Banefo-
Mvoutsaha massif are listed in Table 1. Whole rock analyses
for major and trace elements were carried out by Inductively-
Coupled Plasma Mass Spectrometry (ICP-MS) from pulps.
0.2g of rock powder was fused with 1.5g LiBO, and then
dissolved in 100MM3 5%HNO;. The REE (rare earth
element) contents were determined by ICP-MS from pulps
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after 0.25g rock-powder was dissolved with 4 acid
digestions. Analytical precisions vary from 0.1% to 0.04%
for major elements; from 0.1 to 0.5 ppm for trace elements;
and from 0.01 to 0.5 ppm for rare earth elements.

5.PETROGRAPHY

We use the P K - (Nat+Ca) vs Q = Si/3
(K+Na+2Ca/3) multi-cationic diagram (Fig. 4) of Debon and
Le Fort [30] for chemical classification of the different
petrographic types. Orthogneiss plot in the granite, quartz-
monzonite and granodiorite fields.

5.1. Granites

The granites (Fig. 3a) are coarse-grained and
inequigranular (Fig. 3a). They are composed of quartz (15-
25 vol.-%), K-feldspar (12-20 vol.-%), plagioclase (30-40
vol.-%), biotite (10-15 vol.-%); accessory minerals including
titanite (2-4 vol.-%), zircon, apatite and ilmenite (<2 vol.-%).
K-feldspar shows perthitic exsolutions of albite. The crystals
are subhedral; more rarely rounded and contain small
inclusions of biotite flakes, euhedral plagioclase and quartz.
Plagioclase occurs as partly elongated, subhedral or rounded
crystals that may be aligned sub parallel to the foliation and
may show undulatory extinction or kinked aspect. Biotite

Table1l. Geochemical Data of Selected Samples of Banefo-Mvoutsaha Massif. Analyses Performed at Acme Lab, Vancouver,
Canada. Major Element in %, REE and Trace Element in ppm and Au in ppb
Rock type GRANITE GRANODIORITE QUARTZ MONZONITE
Sample G11S2 G11S4 G11R2 G12S1 G12S2 G12R7 G12R5 G12R3 G12RT G11S6 G11S11G12S10 G12S3 G12S4 G12S5 G11S3 G11S10G13M3 G13M4 G13M5GT13M10GT13M11G13M12 GSM
MDL
Wgt 0,01 0,90 096 0,73 0,31 0,74 0,55 0,57 0,35 0,34 0,83 1,08 0,42 0,44 0,63 0,64 0,62 0,44 043 0,27 0,76 0,81 0,50 0,39 0,84
Si02 0,01 70,62 67,06 7599 72,63 72,40 73,43 72,29 73,71 73,32 69,92 71,68 72,34 66,01 64,26 71,52 63,18 64,00 56,66 53,57 62,92 56,41 56,41 55,88 63,39
A203 0,01 14,00 15,30 12,44 13,84 13,84 13,45 13,85 13,69 13,66 14,67 14,25 14,10 15,32 15,82 13,08 15,59 15,49 15,70 14,66 15,54 15,86 1562 1592 1541
Fe203 0,04 3,47 4,18 2,04 2,26 2,13 2,24 2,07 1,65 217 2,79 2,8 1,70 4,92 574 4,51 5,82 5,41 8,61 9,75 6,07 8,11 8,24 8,52 5,16
MgO 0,01 0,64 0,64 0,21 0,34 0,23 0,9 028 0,11 0,21 0,52 0,48 0,30 1,27 1,31 0,85 1,37 1,35 2,73 4,21 1,40 2,77 2,79 2,75 1,36
CO 0,01 1,55 1,67 1,01 1,70 0,85 0,87 0,78 0,89 0,87 1,52 1,53 0,79 2,45 2,56 1,95 286 298 5,35 597 3,14 537 5,38 544 3,06
Na20 0,01 3,11 3,44 2,88 3,38 293 3,16 255 271 3,05 327 3,39 2,81 4,13 4,35 3,69 3,72 3,56 3,29 2,73 3,50 3,32 3,26 323 3,51
K20 0,01 5,05 6,07 482 542 6,62 577 693 659 582 560 525 6,70 3,64 3,19 2,70 4,75 4,65 3,56 3,37 4,50 3,71 3,81 3,71 4,88
Ti02 0,01 0,48 060 020 0,22 0,96 0,15 0,21 0,08 0,75 0,35 0,34 0,20 0,94 1,20 0,60 1,20 1,02 2,05 2,83 1,22 203 205 213 1,12
P205 0,001 0,176 0,274 0,057 0,137 0,095 0,104 0,140 0,104 0,112 0,157 0,25 0,11 0,329 0,328 0,256 0,343 0,367 0,907 1,592 0,369 0,97 0,98 0,96 0,36
MnO 0,01 0,03 0,06 0,02 0,03 0,02 002 002 0,01 0,02 0,04 003 0,03 0,07 0,08 0,06 0,07 0,07 0,90 0,93 0,08 0,09 0,70 0,70 0,07
Cr203 0,002 <0,002<0,002 <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 <0,002 0,003 0,002 0,004 0,003 <0,002 0,002 <0,002 0,002 0,002 0,008 <0,002 0,002 0,002 <0,002 <0,00:z
Ni 20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 31 <20 <20 <20 <20 <20
Sc 1 4 5 2 4 3 3 3 1 3 4 3 2 7 14 8 1 9 16 18 13 15 15 15 1
LOI -5,1 0,6 0,4 0,2 0,5 0,6 0,5 0,7 0,3 0,5 0,9 0,5 0,7 0,6 0,8 0,6 0,6 0,7 0,5 0,8 0,7 0,9 0,9 0,8 1,2
Sum 0,01 99,73 99,69 99,88 99,84 99,87 99,89 99,82 99,87 99,88 99,75 99,83 99,81 99,68 99,63 99,81 99,51 99,60 99,45 99,61 99,46 99,52 99,52 99,45 99,56
Ba 1 817 970 397 509 482 415 830 641 406 946 670 710 749 994 268 1692 1476 1813 875 2054 1623 1588 1839 1672
Be 1 1 5 3 4 2 3 3 4 2 5 3 2 5 5 4 4 4 2 4 4 2 3 3 4
Co 0,2 4,8 4,6 2,0 2,4 1,9 1,5 2,1 0,9 1,8 3,7 3,3 2,6 8,7 8,3 6,2 8,8 8,8 22,5 32,0 96 19,2 18,6 21,6 8,4
Cs 0,1 2,1 5,2 1,5 2,9 2,7 2,4 2,4 1,1 2,4 1,5 2,4 2,5 6,2 4,5 5,0 4,0 3,5 2,9 4,7 2,1 2,1 1,9 2,3 2,7
Ga 0,5 20,1 25,1 18,4 19,4 19,7 19,1 188 189 17,8 21,7 21,6 18,4 24,0 24,0 234 253 243 239 21,8 23,6 224 220 250 254
Hf 0,1 9,6 10,0 6,1 6,4 4,3 4,3 5,6 2,8 4,3 5,5 6,3 5,5 12,7 145 10,6 184 11,2 13,4 6,3 16,3 10,2 9,7 13,0 14,4
Nb 0,1 20,7 31,4 142 12,6 19,2 17,6 12,5 6,3 16,5 17,4 19,2 9,6 29,1 51,5 36,0 44,4 353 32,7 303 365 289 288 31,7 472
Rb 0,1 200,6 291,9 211,5 281,7 290,6 258,3 300,6 226,3 253,4 236,3 240,9 318,0 265,0 233,8 235,6 266,4 254,2 184,5 252,3 226,0 176,9 168,4 1855 241,1
Sn 1 3 8 2 3 9 8 4 2 8 4 5 3 8 7 6 10 7 4 14 7 4 4 4 9
Sr 0,5 228,0 278,4 144,2 174,5 109,3 104,7 208,3 218,4 104,4 281,8 207,7 188,5 306,9 318,1 139,2 479,2 483,8 891,5 560,0 561,4 849,8 801,5 856,4 485,5
Ta 0,1 0,7 2,4 0,6 0,5 1,0 0,9 0,7 0,8 0,8 2,3 1,0 0,3 1,5 2,9 0,9 3,2 2,5 1,6 1,9 2,3 1,5 1,5 1,7 4,1
Th 0,2 589 349 413 77,4 269 247 27,5 16,1 292 37,6 457 71,9 40,5 36,8 78,1 43,9 31,5 28,2 18,4 42,7 264 27,5 26,2 46,5
u 0,1 2,2 3,2 3,4 10,7 3,4 3,2 7,5 4,6 3,4 3,5 2,7 6,6 3,2 1,8 4,6 4,7 4,4 2,7 5,2 3,6 2,7 2,8 2,9 4,5
\ 8 28 36 <8 13 <8 <8 16 m <8 26 19 36 64 62 33 76 69 199 235 88 168 163 207 71
W 0,5 <0,5 <0,5 <0,5 <0,5 <05 <0,5 <05 <05 <05 <0,5 <0,5 0,7 <0,5 <0,5 <0,5 <0,5 <0,5 0,6 0,9 <0,5 <0,5 <0,5 <0,5 <0,5
I 0,1 312,1 323,1 167,2 193,4 123,1 119,0 167,17 93,8 128,3 180,4 208,3 153,7 478,6 599,9 335,2 628,4 402,3 476,4 227,6 579,6 413,2 393,5 451,0 557,5
Y 0,1 17,9 17,4 5,5 ,6 8,8 14,8 7,4 143 16,9 14,1 15,1 9 18,3 35,7 16,7 31,3 24,4 246 30,8 39,3 254 244 31,3 345
La 0,1 95,1 87,7 30,9 368 42,0 337 291 203 41,5 642 639 519 110,2 181,3 63,0 127,7 86,8 125,7 653 174,55 112,0 101,7 123,2 133,2
Ce 0,1 191,9 1653 62,7 81,1 855 725 60,1 283 86,1 1282 1253 1028 216,2 288,2 130,8 266,8 185,4 232,6 146,8 297,8 209,7 199,9 244,5 268,2
Pr 0,02 22,13 19,58 7,01 9,26 10,51 847 7,17 4,73 10,12 14,83 14,69 12,65 24,56 41,76 15,22 31,73 22,63 28,64 19,45 38,23 26,67 25,57 30,38 31,18
Nd 0,3 80,8 66,5 246 329 385 299 266 17,5 36,6 49,3 549 443 84,2 154,0 55,5 120,5 85,8 1056 79,1 141,7 99,6 93,4 109,5 109,3
Sm 0,05 12,23 9,78 398 570 739 5,83 3,91 3,46 644 692 8,97 7,45 11,53 22,98 9,57 17,53 12,73 15,14 12,73 19,15 14,65 14,08 16,45 15,90
Eu 0,02 1,44 1,28 0,70 0,74 0,70 0,49 0,85 0,91 0,53 1,14 1,70 1,01 1,86 2,68 0,81 2,98 2,37 3,11 2,66 3,43 2,95 ,89 3,34 2,72
Gd 0,05 8,44 7,07 2,71 3,66 602 472 267 3,09 538 4,21 597 5,04 7,47 15,67 7,38 12,70 8,88 10,66 9,60 13,77 10,07 10,05 11,73 11,14
Tb 0,01 097 0,84 033 045 085 0,69 0,34 047 0,79 0,51 0,78 0,60 0,86 1,84 0,94 1,48 1,10 1,24 1,24 1,59 1,23 1,23 1,42 1,37
Dy 0,05 3,91 3,70 1,34 193 379 3,72 1,58 240 3,52 2,31 3,33 1,97 3,74 8,09 4,04 6,81 5,07 5,58 6,11 769 5,16 534 6,56 6,69
Ho 0,02 o062 0,57 020 032 063 049 0,25 045 0,57 042 0,47 0,36 0,60 1,30 0,59 1,13 082 0,92 1,01 1,26 0,88 0,86 1,06 1,04
Er 0,03 1,44 1,38 046 0,76 1,51 1,23 0,63 1,31 1,44 1,24 1,29 0,82 1,52 2,95 1,29 2,77 2,11 2,29 2,55 3,31 2,29 2,30 2,84 2,85
Tm 0,01 0,19 0,22 008 0,13 024 0,19 0,11 021 021 021 0,17 0,16 0,25 0,43 0,19 0,44 033 0,36 040 0,50 0,34 0,33 0,42 0,48
Yb 0,05 1,03 1,8 043 0,77 1,40 1,05 0,63 1,07 1,76 1,36 1,03 0,69 1,38 2,35 1,06 2,61 1,93 2,06 2,34 2,87 208 1,93 2,17 2,68
Lu 0,01 0,74 0,98 0,07 0,72 0,79 0,76 0,70 0,77 0,77 0,21 0,74 0,15 0,20 0,31 0,15 0,36 0,31 0,29 0,32 042 0,29 0,28 0,35 0,41
Mo 01 24 12 1,3 11 06 07 05 05 05 04 04 03 05 05 21 18 13 11 08 13 04 04 04 05
Cu 01 53 41 16 25 1, 1,1 1,4 32 08 56 3,1 1,6 11,7 17,9 4,6 9,2 121 20,4 381 80 209 209 21,2 9,9
Pb 0,1 8,5 6,2 6,2 9,2 5,9 5,4 7,6 5,5 6,0 8,2 6,2 10,1 5,0 4,8 6,2 6,0 6,4 3,9 2,6 5,4 4,1 4,2 4,4 6,8
Zn 1 74 75 28 38 41 36 34 13 38 51 51 3 96 105 94 116 112 113 153 111 118 121 119 107
N 0,1 6,1 58 4,3 26 2,0 1,5 22 1,4 1,9 46 3,1 1,4 5,9 1,5 54 52 11,7 11,6 323 40 11,8 128 12,2 3,8
JREE 1047,11921,79 343,47 440,09 523,55421,88 343,44 254,26 501,60 691,93717,60 584,78 1158,121878,85733,56 1508,42059,841375,75917,491829,031260,23184,011422,09490,3
(La/Yb)N 62,32 50,17 48,50 32,26 20,25 21,66 31,18 12,81 24,15 31,86 41,87 50,77 ,90 52,07 40,12 33,02 30,36 41,19 18,84 41,04 36,35 35,57 38,32 33,55
(Gd/Yb)N 6,62 4,84 509 3,84 347 3,63 3,42 233 3,75 2,50 4,68 5,90 4,37 539 5,63 3,93 3,72 4,8 3,32 3,88 3,91 4,21 437 3,36
(La/Sm 4,90 5,65 4,89 4,06 3,58 3,64 4,69 3,69 4,06 584 4,49 4,39 6,02 4,97 4,14 4,59 4,29 5,23 3,23 5,74 4,81 4,55 4,72 5727
(Gd/Lu; 7,49 4,88 481 3,79 394 3,67 3,32 226 393 249 530 4,8 4,64 6,28 6,11 4,38 3,56 4,57 3,73 4,07 432 4,46 4,17 3,38
Eu/Eu* 043 047 065 050 032 029 080 085 028 065 046 0,50 061 043 0,29 061 068 075 074 065 074 074 074 062
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occurs as flakes of various dimensions that may be clustered,
most of which have corroded margins, or forms euhedral

inclusions in feldspars.
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quartz (20-30 vol-%), K-feldspar (25-30 vol-%), plagioclase
(40-45 vol-%), biotite (5-10 vol-%), and amphibole (2-10
vol-%). Magnetite, apatite, titanite and zircon are accessory
phases. Quartz exhibits polycrystalline ribbons or single
crystals with undulatory extinction. K-feldspar crystals are
subhedral; more rarely rounded and contain small inclusions
of amphibole and apatite grains. Some K-feldspar grains are
sheared. Myrmekitic growth is common along the
boundaries of K-feldspar porphyroclasts. Plagioclase is
subhedral with undulatory extinction. All plagioclase
crystals are rimmed by quartz aggregates. Broken crystals
are also observed and the fractures are filled by recrystallized
quartz. Green hornblende is not abundant and occurs as
anhedral crystals associated to flakes of biotite.

5.4. Migmatitic Gneisses

The migmatitic gneisses are medium-grained and display
millimeter to centimeter thick quartz-feldspathic layers
(leucosomes) alternating with layers rich in ferromagnesian
minerals, mainly biotite (melanosome). The texture of the
leucosomes is granoblastic heterogranular. The mineral
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Fig. (4). Position of the Banefo-Mvoutsaha granitoids in the Q =
Si/3 — (K+Na+2Ca/3) vs P = K — (Na+Ca) multi-cationic diagram
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5.2. Quartz-Monzonites

The rock is dark in colour (Fig. 3¢), fine- to medium-
grained showing granoblastic microstructure (Fig. 3d). The
samples are rich in ferromagnesian minerals and composed
of biotite (20-25 vol.-%), amphibole (15-30 vol.-%),
pyroxene (20-35 vol.-%), quartz (2-5 vol.-%) plagioclase and
K-feldspar (15-20 vol.-%). Accessory phases are zircon and
apatite. Quartz forms elongated polycrystalline ribbons (<
10mm in the length) or elongated granoblastic aggregates.
Perthitic K-feldspar exhibits sigmoid (0.75 x 0.5mm) or
almond shape (4 x 2.5mm), shows perthitic exsolutions of
albite and also often show extensive development of
myrmekite at the grain peripheries. The crystals contain
small inclusions of titanite, apatite, biotite flakes or quartz
grains. Some crystals have microfractures filled by quartz.

Plagioclase occurs as partly elongated, subhedral or rounded
crystals that may be aligned sub parallel to the schistosity
and may show undulatory extinction or deformational
twinning and they are occasionally are kinked. All are
rimmed by quartz aggregates. Biotite occurs as flakes of
various dimensions that may be clustered, most of which
derive from destabilisation of amphibole or pyroxene.
Amphibole is a green hornblende with almond shape and
contains small euhedral inclusions of apatite, zircon and

ferriferous oxides.

5.3. Granodiorites
The granodiorites are fine- to medium-grained grey to

yellowish grey rocks (Fig. 3e) with a heterogranular
granoblastic texture (Fig. 3f). Its mineralogy is made up of

association is polycrystalline ribbon quartz, subhedral K-
feldspar and plagioclase, biotite flakes, pink, rounded garnet.
Migmatitic gneisses (Fig. 3g, h) are closely associated with
orthogneisses. The contacts between migmatitic gneisses and

orthogneisses are concordant.
6. GEOCHEMISTRY

6.1. Major Elements

Major element concentrations of the Banefo-Mvoutsaha
rocks are listed in Table 1. The rocks are silica-rich (with a
total range of 53.57 — 75.99 wt.-% SiO,) and show a high-K
calc-alkaline to shoshonitic affinity (Fig. 5). In major
element variation diagrams (Fig. 6), the three rock types
(granite, quartz-monzonite and granodiorite) form well
defined clusters and, taken together define more or less well-
defined trends, where Al,O3, Fe,Ostot, MgO, CaO, TiO,,
MnO and P,0s5 concentrations decrease monotonously with
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Fig. (5). SiO; vs K,0 diagram showing high-K calc-alkaline
affinity of the Banefo-Mvoutsaha rocks, axis units are wt%.

Symbols as in Fig. (4).
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increasing amount of SiO,, whereas the variation of Na,O =
and K,O is independent of the SiO, content. The total alkali 5
concentrations are uniform within each rock unit, i.e., 7.7 -
10.73 wt.-% in granites, 6.39 - 8.45 wt.-% in granodiorites . I-type S-type
and 6.1 - 8.47 wt.-% in quartz-monzonites. The granitoids
are K-rich and show K,0/Na,O ratios ranging from 1.03 to . Perdluminous
3.59 with lowest values in granodiorites (0.69 - 0.95). They Metaluminous ‘
display characteristics of shoshonite to high-K calc-alkaline -
series (Fig. 5). High alkalis contents relative to CaO are VAN A
characteristic of calc-alkalic to alkalic cordilleran granitoids LA o8
according to the classification of Frost ef al. (2001). When oge
using the Al saturation index A/CNK (= molar
AL O3/(CaO0+Na,0+K,0), granites and granodiorites are .
peraluminous; quartz monzonites plot in the metaluminous Peralkaline
field and all of them conform to I-type (Fig. 7) granitoids =
[31]. Using the classification of Frost er al. [32] to ‘ ‘ ‘
discriminate between ferroan granitoids and magnesian 0.6 0.8 1.0 1.1 12 A/CNK

granitoids, nearly all the granitoids of the Banefo-Mvoutsaha
area are ferroan (Fig. 8a) and of ferriferous field (Fig. 8b).
These granitoids are similar to the other granites in the
central domain of PANEFB in Cameroon [9, 20, 21, 22, 25].

Fig. (7). Alumina index diagram (Molar ALO;/ (CaO +
Na,0+K,0) vs Al,O;/ (Na,O + K,0)) for Banefo-Mvoutsaha
granites. Symbols as in Fig. (4). Boundary between I-type and S-
type according to Chappell and White [31].
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6.2. Trace Elements

Trace element concentrations of the Banefo-Mvoutsaha
rocks are listed in Table 1. Selected elements are plotted

against SiO, content in Fig. (9). Ba, Nb, Ni, Co, Sr, Zr, Zn
and Y concentrations decrease whereas Rb concentrations
increase with increasing SiO, content. Ba/Sr ratios range
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between 1.50-4.0 and Ba/Rb between 1.5 and 10; K/Rb
ratios are between 115 and 805. These values are similar to
those observed in continental calc alkaline igneous suites
[33, 34]. Chondrite normalised rare earth element (REE)
patterns of the Banefo-Mvoutsaha suite (Fig. 10) resemble
each other, in general with a strong LREE (light rare earth
element) enrichment with Lan/Yby ratios of 6.48 — 62.32 and
Gdn/Yby ratios of 1 - 6. 62. Negative Eu* anomalies are
pronounced in all the rocks (Eu/Eu* = 0.29-0.85). The multi-
element spectra (Fig. 10) of all these rocks show a distinctive
depletion in Ba, Nb, Sr, P and Ti relative to other trace
elements (characteristic of calc-alkaline granites of crustal
origin, [35]) and are enriched in LILE (large ion lithophile
elements) and display negative anomalies in Sr, Ba and Ti.
Distinctively higher contents of Th are observed in the rock.

The Open Geology Journal, 2010, Volume 4 23

These rocks display less pronounced negative anomalies in
Sr and Ti, and lower Y and Yb values resulting in more
“fractionated” trace element distribution patterns,
characteristic of calc-alkaline arc granitoids.

These granitoids are geochemically similar to those from
the Eastern Nigeria [36], and Borborema Province, NE
Brazil [37]: all the rocks are metaluminous to weakly
peraluminous (Fig. 11), high-K calc-alkaline and shoshonitic
type (Fig. 12), and they are enriched in most incompatible
elements (especially for K, Rb, Ba). Nevertheless, the Fe
+Mg +Ti vs Mg/(Mg + Fe) diagram (Fig. 13) points to a
single difference. This figure shows a ferriferous character
for the Banefo-Mvoutsaha and the Eastern Nigeria
granitoids, while granitoids of the Borborema Province, NE
Brazil are magnesian type.

Granite Granite
1000,0 10000,0
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100,0
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Fig. (10). Chondrite-normalized REE (the normalising values are from Evensen ef al. [52]) and multi-element (Normalization values after

Thompson et al. [35]) patterns for the Mvoutsaha-Bafoussam granites.
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7. DISCUSSION
7.1. Source Rock Characteristics

The investigated Banefo-Mvoutsaha plutonic rocks
exhibit  petrographical and chemical compositions
characteristic of shoshonite to high-K calc-alkaline I-type
granitoids [31, 38] derived from partial melting of igneous
protoliths. From the several studies carried out to constrain
the generation of high-K magmas in convergent tectonic
settings, two main processes are commonly recognised [39]:
(1) in continental arc settings, where mantle melts can be
enriched by slab-derived fluids and further may become
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contaminated with crustal material during ascent [40]; (ii) in
syn- to post-collisional settings, crustal source rocks may
melt as a consequence of decompression following
delamination of the lithospheric root or slab break off (e.g.
[41, 42]). The behavior of Banefo-Mvoutsaha granitoids on
Harker diagrams does not indicate a whole continuous
compositional variation from one group to another, but little
internal compositional variation and overlap between some
groups. This suggests that the compositional variability of
these granitoids does not seems to be generated only by
fractionation processes, but probably reflects the primary
compositions of anatectic melts generated at various crustal
levels.
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Fig. (12). SiO, vs K,O diagram for the comparison betewen
Banefo-Mvoutsaha, eastern Nigeria and NE Brazil granitoids. Units
of axis are wt%; Symbols as in Fig. (11).
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Fig. (13). Diagrams for the comparison betewen Banefo-Mvoutsaha, eastern Nigeria and NE Brazil granitoids. SiO, vs FeOt /(FeOt + MgO),
axis units are wt% (a) and Fe+Mg+Ti vs Mg /Mg+Fe axis units are millications (b). Symbols as in Fig. (11).
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The nature of the igneous source can be constrained
using the geochemical signatures of the plutonic rocks. The
REE and multi-elements patterns (Fig. 10) suggest genetic
processes involving amphibole and possibly garnet. The high
LREE contents in granites, granodiorites and quartz-
monzonites could be related either to the LREE enrichment
of their source materials, or to a low degree of partial
melting of the crustal protoliths resulting in garnet and
amphibole as residual phases. However, their concentration
in HREE (heavy rare earth element); more or less 10 times
the chondrite values, does not support the assumption of a
source containing garnet. Moreover, the spider diagrams
(Fig. 10) show no negative anomaly in Y, suggesting that
garnet was not involved in the residual phase. Enrichment of
LREE, together with depletion in HREE during fractional
crystallisation, is compatible with fractionation of
amphibole, which tends to concentrate the HREE. The spider
diagrams characteristically display negative anomalies for
Ba, Nb and Ta. These anomalies result either from the low
content of these elements in the source, or their retention in
the residue during partial melting.

The geochemistry and mineralogy of the granitic rocks
reflect not only the nature of the protoliths from which they
were derived, but also the dynamic conditions under which
magmas were formed, evolved and eventually solidified
[43]. Compositional differences of melts produced by partial
melting of different source rocks, such as amphibolites,
tonalitic gneisses, metapelites and metagreywackes, under
variable melting conditions can be visualized in terms of
molar CaO/(MgO + FeOtotal) vs molar AlL,O;/(MgO +
FeOtotal) ([39]; Fig. 14). In this diagram, most of the
samples of the granite plot in the field of partial melts from
metagreywackes while those of granodiorites and quartz-
monzonite plot in the field of partial melting from
metabasaltic to metatonalitic sources. Similar sources are
found to the granitoids from eastern Nigeria and NE Brazil
of (Fig. 15). These source rocks are predominantly found in
the lower part of the continental crust and we suggest that
the source for the granodiorites and quartz-monzonite was
metamorphosed lower crustal mafic igneous rocks. The
abundance of hydrated minerals (amphibole and biotite) in
the plutonic rocks suggests that the melting of the protolith
took place under hydrous conditions. The high-K calc-
alkaline to shoshonitic and metaluminous nature of the
Banefo-Mvoutsaha plutonic rocks require a metaluminous
and relatively K-rich source [41, 44]. The differences
observed in granites can be explained by variations in the
degree of mineral fractionations, differences in melting
conditions and/or minor variation in source compositions.
The low Rb/Sr ratios and LREE enrichment of the rocks are
probably inherited from the source. Thus, the magmatism of
the Banefo-Mvoutsaha plutonic rocks may have involved
remelting of a composite basic amphibolitic protolith in the
deep crust. The low Ni and Cr contents of the rocks are
consistent with such a model. The large scale melting of the
source rocks could have been favored by high heat flow
during Pan-African orogenesis or under plating of mantle-
derived magmas into the crust.
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7.2. Tectonic Settings

In the central domain of the Pan-African fold belt in
Cameroon, the common distinctive features of the various
granitoids from different sampling areas are their depletion
in Sr and Ti, and enrichment in most incompatible elements
(K, Rb, Ba) compared to highly charged elements, resulting
in “fractionated” trends. Overall, trace and REE features
point to general -characteristics usually attributed to
magmatic arc calc-alkaline granitoids; the enrichment in
LILE and depletion in HFSE (high field strength elements)
such as Ta, Nb and Zr is consistent with the role of crustal
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source component in the genesis of these granitoids [45].
Major element geochemistry of Banefo-Mvoutsaha
granitoids also points to the high-K shoshonitic and calc-
alkaline affinity of the investigated samples, implying a
subduction- to collision-related geotectonic setting. These
data are consistent with results of previous studies on the
central domain plutons. So far, even though almost all major
magmatic massifs in this central domain [11, 23, 25] exhibit
geochemical features evoking subduction-related
magmatism, no other geological evidence for a subduction
environment has yet been established. The investigated
samples, as other central domain granitoids, differ from
common granitoids from magmatic arc [e.g. 45, 46] by their
distinctive depletion in Sr and Y-undepleted pattern. These
characteristics, and mainly their high-K calc-alkaline to
shoshonitic affinity, are commonly reported in granitoids
from late-collision to post-collision continental settings [42,
47]. High-K calc-alkaline granitoids in continental
collisional setting evolve to shoshonitic compositions during
the late stage (post-collision) of the orogeny where crustal
delamination operated [42]. Structural analyses [29] indicate
that the Banefo-Mvoutsaha plutonic rocks were emplaced
along transpressional N70°E early sinistral shear zone (D,)
resulting in a system of “décrochement-nappe”. This shear
zone belongs to the main branch of the Central Cameroon
Shear Zone which is a major lineament of the Pan-African
Orogen in central Africa. The Banefo-Mvoutsaha plutonic
rocks share many similarities with some other synkinematic
granitoids associated with this Pan-African Orogen in
Cameroon [11, 12, 20, 23, 25] and in Brazil [48].

8. CONCLUSIONS

1. The Banefo-Mvoutsaha Massif comprises
Neoproterozoic magmatic rocks and migmatites
gneisses. The main rock units in the massif are
granites. All the granitoids have undergone the same
deformation observed in the migmatitic gneisses of
the basement and both share the same structural
patterns. Field relations, petrography and structural
observations, point the fact that, these granites are
syntectonic intrusive.

2. Plutonic rocks from the Banefo-Mvoutsaha area are
peraluminous to metaluminous and conform to I-type
granitoids. They are high-K, calc-alkaline to
shoshonitic syntectonic intrusions emplaced during
the Neoproterozoic event in Cameroon, in close
spatial association with the Central Cameroon Shear
Zone. They also display less pronounced negative
anomalies in Sr and Ti, and lower Rb, Y and Yb
values characteristic of high-K calc-alkaline series.

3. The data in this paper indicate that these three granitic
rocks assemblage did not result from the simple
differentiation of a common parental magma. The
data also suggest that the Banefo-Mvoutsaha plutonic
rocks were derived from different crustal protoliths.
Major and trace element composition of the granites,
granodiorites and quartz-monzonite of the Banefo-
Mvoutsaha Massif are consistent with the magmatism
which may have involved remelting of (1) a
composite metagreywackes protolith in the upper
crust and (2) amphibolitised high-K calc-alkaline
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basaltic andesites in the central domain of the
PANEFB.

4. Our data also suggest that the geochemical
differences between the different groups of granitoids
in the study area are not necessarily related to
changes in the tectonic framework but are more
probably due to variations in the mechanisms of
magma production in the crust. Besides the source
material, water contents and melting temperatures, for
example, are known to be critical variables as
evidenced by the investigations from Clemens et al.
[49] and Johannes et al. [50]. Examples of plutonism
in which depletion in water of the crustal source have
imposed changes in the melting conditions during
subsequent events of production of granitic magmas
have been documented by Whalen ef al. [51] and
Pimentel ef al., [46]. In most of the cases, it is likely
that the input of heat required to promote large-scale
melting of the crust was most probably provided by
the introduction of mafic magmas into the crust
Roberts and Clemens [41].

5. The plutonic rocks of Banefo-Mvoutsaha area are
very similar to other Neoproterozoic high-K calc-
alkaline syntectonic plutons from western and central
east Cameroon in modal, major and trace element
characteristics. ~ Roughly  similar  syntectonic
plutonism in relation with lithospheric-scale shear
zone is also observed in the Borborema province of
NE Brazil, especially close to the Pernambuco shear
zone.
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