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Late Tertiary and Quaternary alkaline volcanism in the western
Noun Plain (Cameroon Volcanic Line): New K-Ar ages, petrology
and isotope data
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Abstract. The Neogene and recent volcanism located on the western side of the Noun River was emitted
during several events i.e. effusive activity at 10.43 Ma, 4.60 to 4.15 Ma, explosive activity at 2.04 to 1.70 Ma
and in recent times (0.40 Ma) as indicated by whole-rock K-Ar ages. The mineralogical composition of
basalts is relatively homogeneous: olivine, clinopyroxene, plagioclase, Fe-Ti oxides and chromite. These
alkaline sodic lavas contain variable proportions of normative nepheline (0 to 15 wt.%) or hypersthene (0.5 to
0.8 wt.%). The volcanic series, slightly differentiated (D.I. ranging between 18.6 and 39.2), evolve from
picrites to alkali basalts and hawaiites. According to their geochemical behaviour, major elements show an
enrichment in SiO, (41.2-46.4 wt.%), ALO; (11.4-17.1 wt.%) Na,O (2.4-3.9 wt.%), K,0 (1.0-1.9 wt.%) and
an impoverishment in MgO (13.8-4.6 wt.%) and CaO (11.9-7.6 wt.%). Some diagrams indicate a good
correlation of the contents of some minor elements (U, Nb, Ta, La, Zr, Hf) with that of Th. REE patterns of
the rocks are characterized by a positive anomaly in Eu (2.75 < Eu/Eu*<3.09), and present parallel profiles.
Magmatic differentiation is controlled by the fractional crystallization of a primitive basaltic magma. The Sr
and Nd isotopic data of two alkali basalts and one picrite evidence for the recent lavas of the Noun Plain their
nearly similar ¥’St/**Sr (0.703157-0.703494) and '“*Nd/"*Nd (0.512875-0.512926) ratios. These results
confirm that the studied lavas derive from a mantle source very close to the prevalent mantle type (PREMA)
in which the HIMU pole plays a major role, as for others volcanic series of the Cameroon Volcanic Line
(CVL).
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IInep Yanmxu, Iuep Youoxo, Kak-Mapu bapaunued, Epse Beson. KbcHoTepuuepHusar u

KBaTepHepeH aJIKaJeH BYJKAHM3BM B 3amajHaTa 4yacT Ha papHuHata Hyn (KamepyHnckara
BYJIKAHCKA JINHHA): IeTPOJIOrus, n30Tonu 1 HoBU K-Ar 1anHu 3a Bp3pacrra
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Pe3tome. BynkanmsmbpT Ha 3amagHus Opar Ha p. HyH ce mposBsBa HekonkokpatHo mpe3 Heorema mo
HacTosIEeTO Bpeme: edy3uBHHTE mHposiBM ca narupanu ¢ K/Ar meron ma 10,43 Ma, 4,60 u 4,15 Ma.
ExcrmosuBHUTE mposiBu ca gatupanu ot 2,04 no 1,70 Ma, xakto u moutd cbBpemennu (0,40 Ma).
MuHepaJoXKUIT ChCTaB Ha 0a3alTHTE € OTHOCHUTEIHO XOMOTEHEH — M3rPaJeHH Cca OT OJIUBHH, KIIMHO-
ITMPOKCEH, Marknokias, Fe-Ti okcuau u xpomurt. JlaBure ca ankajaHy, NPEIUMHO HATPHEBH, ChIbPXKAT BapH-
pamu koinuectBa HopmatuseH HedenuH (0—15 Tern.%) wmm xunepcren (0,5-0,8 tern.%). Crnabonudepen-
nupanara cepus (D.1. mexny 18,6 u 39,2) eBomronpa OT MUKPUTU U alIKAIHU 0a3anTt 10 xaBauTd. Cropen
TCOXMMHYHOTO CH TOBEACHUE TJIABHUTE €JIEMEHTU couaT oboraTsBaHe cbC SiO, (41,2-46,4 tern.%), Al,O;
(11,4-17,1 tern.%), Na,O (2,4-3,9 tern.%), K,0O (1,0-1,9 Tern.%) u obenusane ¢ MgO (13,8—4,6 Tern.%)
n CaO (11,9-7,6 Tern.%). Ha npunoxxeHnTe ouarpaMu ce OTKpOsBa J0Ope HM3pa3eHa KOpemarys MexIy
ChIbpKaHusATa Ha Hkou enementu-cieau (U, Nb, Ta, La, Zr, Hf) ¢ Th. Kpusute Ha pasnpezaencuue Ha REE
coyaT MOJIOXKHUTEeNHa eBporueBa aHomanus (2,75< Eu/Eu*<3,09) u mapanensau npodwmn. MarmatndHarta
mudepeHmanys € JOMUHEpaHa OT ()pakIMOHHATA KPHCTAIN3AIMS Ha eJHAa IPUMUTHBHA Oa3WdHa Marma. Sr
n Nd u3oronu Ha 2 ankanHu 0a3aira U Ha €UH IHUKPHUT OT CbBPEMEHHMTE JIaBU Ha paBHMHATa Ha HyH couaT
63Ky oTHOmEHHs © Sr/%Sr (0,703157-0,703494) u “*Nd/'*Nd (0,512875-0,512926). Tesu pesynararu
MOTBBPKIABAT, Y€ W3CICABAHUTE JIaBU MPOU3NIN3AT OT MaHTHEH H3TouHHK oT Tuil PREMA, B kouto HIMU
UTpae INIaBHA POJIS B ChITIACHE C APYTUTE BYJIKAHCKHU cepuy Ha KamepyHckaTa JTHHUSL.

Introduction

The Cameroon volcanic line stretches both in 140 and N30-40. Note that, in the great
the oceanic domain and continental litho- systems of fracturing of the Cameroon
spheres (Fitton 1987; Déruelle et al. 1991; Volcanic Line determined by Moreau et al.
Déruelle et al. 2007) in the extensional tectonic  (1987) and of West-Cameroon (Morin 1989),
setting of the Central Africa (Fig. 1). The Noun the directions of the faults are expressed along:
Plain, drained by the Noun River, constitutes a e the N40-50 direction;

natural boundary between the Bamileke Plateau e the N100-120 direction;

on the southwest and the Bamoun Plateau on e the N150-160 direction.
the northeast. The volcanism of this study area
is characterized by two great eruptive types: These values are little bit different from 3

fissural effusive volcanism and then explosive  alignments determined by the 14 volcanic
volcanism. The last explosive phase (strom-  cones (Fig. 2) along the average major
bolian volcanism) has built cones of pyroclastic  directions N35, N135 and N160. These cone
projections and contributed to the enlargement  alignments are the consequences of intense
of explosion craters. In this paper, we propose  tectonics along the Cameroon Volcanic Line.
a petrological and geochemical study and  But it is not excluded that other faults were
dating of the lavas on the western side of the  reactivated by tectonics related to the recent
Noun River. volcanism in the Noun Plain.

The volcanic activity has produced
Volcano-tectonic evolution and K-Ar deposits laying in discordance on the pan-
dating african granitoids. These are flood basalts,
pyroclastic projections, pyroclastic flows and

The studied area covers a surface of 520 km?> X b .
based surge (Fig. 3). Various volcanic products

on the western side of the Noun River, at X ) ; R
altitudes ranging between 1088 m and 1591 m. witness for different eruptive styles (review in

Our measurement of several hundred faults Bardintzeff & McBirney 2090)' Thus, on the
(Fig. 2) evidences two major directions: N130—  Western side of Noun, different types of
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Fig. 1. The Noun Plain (rectangle) in the Cameroon Volcanic Line. Volcanoes are drawn in black

eruptive style constitute two successive
volcanic episodes. These are: 1) an ancient
effusive volcanism at the origin of pahoehoe
and aa flows, which covers about 30 % of the
surface of the plain; 2) an explosive volcanism
essentially subrecent to recent. This has emitted
pyroclastic projections that built 9 holomag-
matic cones, 3 holohydromagmatic volcanoes,
one hydroholomagmatic volcano and one
hydromagmatic volcano (Wandji et al. 1994;
Wandji 1998).

Three new K-Ar datings (Table 1) have
been performed on whole-rocks at the
Laboratoire de Géochronologie, Université de
Bretagne Occidentale, Brest, France, following
a similar basic analytical procedure as detailed
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in Bellon & Rangin (1991). Constants values of
Steiger & Jager (1977) have been used for age
calculations.  Uncertainties  have  been
calculated using equations of Mahood & Drake
(1982) and are given at 1 o. These results
complete the previous ages published by
Wotchoko et al. (2005), all data being
presented in Table 1 and samples addressed as
follows: (Y11) Bamendjing, Yupé volcano;
(D120) Galim, Mbéhu¢ volcano; (BO1) Boya,
Boya volcano; (T10) Baleng, Tchanda Bororo
volcano; (BK3) Kamkop; (BK5) Mifi river. All
together, these results show at least that several
events may be accounted for the Neogene to
Quaternary i.e. effusive activity at 10.43 Ma,
4.60 to 4.15 Ma, and explosive activity at 2.04
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Fig. 2. Volcanotectonic map of the western side of Noun

to 1.70 Ma and in recent times (0.40 Ma), that
built monogenetic volcanoes, today well
conserved as exemplified by the Tchanda
Bororo volcano.

More generally, lavas of the Bamileke
and Bamoun plateaus show a great range of
ages. Three important periods of volcanism are
evidenced: (1) 51.8-38 Ma (Tchoua 1974;
Moundi 2004; Moundi et al. 2007; Wandji et
al. 2008); (2) 15-10 Ma (Youmen 1994;
Wotchoko et al. 2005); (3) 74 Ma (Nana
1988; Wotchoko et al. 2005). The ages of 10.43
Ma and 4.59 Ma (Itiga et al. 2004; Wotchoko
2005) as well as a new age of 4.15 Ma obtained
in the Noun Plain, correspond to period 2 and
period 3. These ages concern the volcanism
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located at the boundary between the Bamileke
plateau and the west side of Noun. Moreover,
we have evidenced a more recent volcanism in
the centre of the Noun Plain.

Petrography and mineralogy
The lavas

Three petrographic types of mafic lavas are
identified according to geochemical data:
picrites, alkali basalts and hawaiites (Table 2).
Picrites (Y11, BS2) have a porphyritic
microlitic dominant texture and sometimes
present a fluidality. Their homogeneous
mineralogical composition includes: olivine,
clinopyroxene, plagioclase and Fe-Ti oxides as
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Fig. 3. Geological map of the western side of Noun

phenocrysts (nearly 20 vol.%) as well as
microcrysts (75 vol.%). Nepheline microcrysts
exist in the microcrystalline phase with less
than 4 vol.% of glass.

Alkali  basalts (T10, BKS5) have a
porphyritic microlitic to subdoleritic texture,
and homogeneous mineralogical composition
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of olivine, clinopyroxene, plagioclase, Fe-Ti
oxides and rare apatite. Olivine, clinopyroxene
and plagioclase phenocrysts account for 20 to
50 vol.% of the rock. The groundmass, that is
made up of same minerals that the phenocrysts,
constitutes a significant fraction and represents
on average 65 vol.% of the rock. The glass



Table 1. K-Ar ages of basalts from the western side of Noun

Age (Ma)
10.43+0.28

Kzo
(Wt.%)
1.20
1.18
1.41
1.58
1.73
1.69

PAr g
cm’)

(107

WAL
(%)
47.6

°Ar Exp
(10°%cm’)

Weight
(8)

style
fissural

types

Petrographic [ Volcanic
alkali basalt

Location

Rock
BK5
Y11

4.06

1.82
1.82
0.78
1.28
1.44
1.03

1.20
3.01

Baleng (around Mifi river)

4.59+0.12

1.75
1.89
1.04
9.48
0.22

picrite fissural 49.5

Bamendjing (Yupé volcano)

Baleng (Kamkop)

4.15+0.11

453

1.01
1.01

fissural

alkali basalt

BK3

2.04+0.20

21.5

explosive

alkali basalt

D120 Galim (Mbéhug)

BO1
T10

1.70+0.19
0.40+ 0.10

1.00 18.3

explosive

alkali basalt

Boya

6.80

1.01

explosive

Baleng (Tchanda Bororo volcano) alkali basalt
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fractions vary from 3 vol.% in BKS to 53
vol.% in T10.

Hawaiites (MNS8, DI1) display a
porphyritic microlitic texture, and show a
rather homogeneous mineralogical composition
of olivine, clinopyroxene, plagioclase, Fe-Ti
oxides, and sometimes calcite and apatite. The
groundmass represents nearly 60 vol.% of the
modal volume of the rock and contains more
clinopyroxene (nearly 20 vol.%) than other
mineral species. The clear brown coloured
glass is well represented (5-10 vol.%). These
lavas contain many vacuoles which are
generally filled by zeolites.

Mineralogy

Olivine of the series has a composition of
chrysolite and hyalosiderite varying from Fogg
in phenocrysts of picrites to Fog; in the
microphenocrysts of hawaiites (Table 3). In all
the petrographic types, there is a normal
zoning, with a core more magnesian than the
rim. In picrites, the forsterite content of
phenocrysts varies from Fogs 74 (core) to Fogy
g2 (rim). The microphenocrysts have forsterite
content from Fogg to Fos. In alkali basalts, this
value decreases from Fog, s to Fog;. Phenocrysts
have a varying content from Fogs in the core to
Fo;; in the rim. The microphenocrysts also
show a decrease from Fo in the core to Fog; in
the rim with an intermediate part which could
be more magnesian (Fogs). In the hawaiites,
there is a reduction in the rate of forsterite: it
varies from Fos in phenocryst to Fog; in the
microcryst. Phenocrysts display only few
varying contents: i.e. Fo;sg in the core and
Fo7s5 in the rim. NiO contents vary between 0
and 1.7 wt.% in all lavas. In the picrites, these
values rise up to 1.7 wt.% in phenocrysts and
up to 0.6 wt.% in the microphenocrysts. In
alkali basalts, NiO contents in phenocrysts
decrease from core (0.43 wt.%) to rim (0.27
wt.%). In the microphenocrysts, NiO contents
are only between 0.21 wt.% and 0.09 wt.%. In
the same way, we note in the hawaiites a
decrease from core (0.16 wt.%) to rim (0.11
wt.%) of phenocrysts.
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Table 3. Chemical analyses of olivine in wt.%, c - core, m - middle,

one and the same grain

r - rim. Analyses in brackets belong to

Rock Picrite Alkali basalt
Sample Y11 Y11 Y11 Y11 Y11 BS2 T10 T10 T10 T10 T10 BKS5 BK5 BKS5S
Ayr:fsl lc 2 4r 6r 7 10 | l4c 15m 22r 26 27c 33 34 38
SiO, 38.07 40.10 39.71 3946 38.69 37.24| 39.72 39.41 3991 39.50 40.57 39.63 38.93 39.38
TiO, 0.00 0.03 0.06 0.01 0.08 0.04| 0.00 0.04 0.06 001 0.05 0.00 0.00 0.00
FeO 1994 13.60 1582 16.15 17.68 22.13| 14.70 1526 1822 17.03 1540 1590 16.28 15.71
MnO 0.22 0.31 0.08 0.46 0.48 0.51| 0.10 041 025 025 025 0.02 045 0.32
MgO 4123  46.44 4538 4343 4293 38.30| 44.95 44.57 3991 4230 44.10 43.78 43.54 43.42
NiO 0.58 0.43 043 1.59 0.00 0.00| 043 035 0.18 020 0.16 025 0.09 0.21
CaO 0.15 0.19 032 032 0.44 028 028 024 038 038 038 030 021 0.32
Total 100.19 101.10 101.80 101.42 100.30 98.50 [100.18 100.28 98.91 99.67 100.91 99.88 99.50 99.36
Formulae based on 4 oxygens
Si 0.98 0.99 098 0.99 0.98 098 1.00 099 1.04 1.01 1.01 1.00 0.99 1.00
Ti 0.00 0.00 0.00  0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe* 0.43 0.28 033 034 0.37 049| 031 032 040 036 032 034 035 0.33
Mn 0.00 0.01 0.00 0.01 0.01 0.01{ 0.00 0.01 001 0.01 001 000 0.01 0.01
Mg 1.58 1.71 1.67 1.62 1.62 1.51| 1.68 1.67 155 161 1.64 1.65 1.65 1.65
Ni 0.01 0.01 0.01 0.03 0.00 0.00| 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00
Ca 0.00 0.00 0.01  0.01 0.01 0.01{ 0.01 0.01 001 0.01 001 001 0.01 0.01
Fo (%) 78.65 85.89 83.63 82.73 81.23 75.51| 84.49 83.88 79.60 81.57 83.61 83.07 82.66 83.13
Rock Alkali basalt Hawaiite
Sample BK3 BK3 BK3 BK3 BK3 BK3 BK3 BK3 BK3| MN8 MN8 PIB PIB PIB
Ayrsl?;- (39¢ 40r) (41r  42¢) (43¢ 44r)  (45¢  46m  47r) 50 52 57  (58¢  59r)
SiO, 3721 3737 3735 36.55 3681 36.80 37.58 37.59 37.14| 37.24 37.09 37.12 38.02 37.88
TiO, 0.05 0.00 0.11  0.06 0.02 0.07 0.08 0.04 0.06f 0.19 0.17 0.08 0.04 0.00
FeO 27.68 29.12 2853 2930 2932 2947 2528 2648 28.16| 28.58 27.39 27.49 22.01 22.18
MnO 0.81 0.64 0.64 0.71 0.62 071 050 054 047 032 061 090 0.24 0.27
MgO 3393 3433 3232 3295 3352 33.19 35.69 35.18 34.45| 3473 34.32 33.65 38.78 38.35
NiO 0.07 0.04 0.01  0.01 0.12 0.08 0.10 0.11 000 0.03 021 003 0.16 0.11
CaO 0.36 0.37 041 043 0.33 038 031 031 041 045 041 038 0.12 0.28
Total 100.11 101.87  99.37 100.01 100.74 100.70 99.54 100.25 100.69 |101.54 100.20 99.65 99.37 99.07
Formulae based on 4 oxygens
Si 1.00 0.98 1.01  0.99 0.98 099 1.00 1.00 099 098 0.99 1.00 0.99 1.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00f 0.00 0.00 0.00 0.00 0.00
Fe** 0.62 0.64 0.65 0.66 0.66 066 056 059 0.63| 0.63 061 0.62 048 0.49
Mn 0.02 0.01 0.01  0.02 0.01 0.02 0.01 0.01 001 0.01 001 0.02 0.01 0.01
Mg 1.35 1.35 1.31  1.32 1.33 .32 141 139 136| 136 137 135 151 1.50
Ni 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 0.00{ 0.00 0.00 0.00 0.00 0.00
Ca 0.01 0.01 0.01  0.01 0.01 0.01 0.01 0.01 001 0.01 001 001 0.00 0.01
Fo (%) 68.60 67.75 6687 66.71 67.08 66.74 71.56 70.30 68.56| 68.41 69.07 68.57 75.85 75.50

Most clinopyroxenes (Table 4) are zoned;
their compositions vary slightly in the different
rocks that is to say between diopside and augite
(Fig. 4). In the picrites (Fig. 4a), the clino-
pyroxene compositions display a rather large
composition range. Some of them are
characterized by SiO, impoverishment (42 to
47 wt.%), but TiO, (up to 4.4 wt.%), A,O; (up
to 10 wt%) and CaO (up to 23 wt.%)
enrichments. Moreover, these enrichments are

witnessed by the green colour of the core of the
crystals. Their compositions (Wos;_s92Enze-
3sFs13.11) are close to those (Wosi9 503En;zeg-
325FS164-125) of some ankaramites of the
eastern side of Noun (Wandji et al. 2000). The
Mg" values are lower (0.78) than in other
diopsides and augites (0.85). In the alkali
basalts (Fig. 4b), the clinopyroxenes have
typical diopsidic compositions (WosEnsoFsi3).
These clinopyroxenes resemble those of alkali
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Fig. 4. Wo-En-Fs clinopyroxene diagrams of the

lavas from the western side of Noun: (a) picrites; (b)
alkali basalts; (c) hawaiites
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basalts (WosoEnz, Fsi4) of the eastern side of
Noun (Wandji 1995). In the hawaiites (Fig. 4c),
the clinopyroxene phenocrysts (Woy9 44Enzy
33Fs1p03) are Ti-, Ca- and Fe- richer than the
microcrysts (Wogg 46En3oFsi4_12).

Plagioclases (Table 5) are present in all
lavas. However, this mineral phase exists
mainly in the hawaiites where it confers to the
rock an intergranular or glomeroporphyric
texture. Plagioclases have compositions from
labradorite to andesine (Angy_34). In the picrites,

77

the anorthite contents vary from Angg to Angg.
The phenocryst cores are more basic than those
of alkali basalts. Most phenocrysts of hawaiites
show a normal zoning, but sometimes a slight
oscillatory zoning too. We observed a decrease
of anorthite content from the core (Angy) to the
rim (Ang). This diminution reflects the
equilibrium with a residual liquid during the
growing stage when the lava is cooling.
Diminution in anorthite content is accompanied
by a light enrichment in orthoclase component
from labradorite (AngOr;) to potassic andesine
(AnysOrjp). As a comparison, these values are
higher than those of alkali basalts (Ansg 4g) of
the eastern side of Noun (Wandji 1995). In the
hawaiites, the anorthite contents mostly
decrease from Ang, to Ansg. These wvalues,
moderately low, are linked to the slight degree
of differentiation of these lavas. The BaO
contents vary from one lava to another: 0.12 to
0.6 wt.% in the picrites, 0 to 0.33 wt.% in
alkali basalts and 0 to 0.24 wt.% in hawaiites.
The Sr contents are also very low and the
highest contents are found in the picrites (0.90
wt.% SrO). It is significant to note that the
contents of Fe*" are rather important as they
vary between 0.2 and 1.3 wt.% and are thus
more easily incorporated in the structure of
plagioclase while Mg>" exists only in traces.
A1 occupies the tetrahedral sites, but its
amount is insufficient to fill them completely.
The incorporation of Fe*" will complete the
deficit of A" (Si + Al'Y < 4) in the tetrahedral
site. The Fe*" in the crystalline pattern of
feldspars would be in relation to the speed of
lava cooling (Bottinga et al. 1966; Brown &
Carmichael 1971). However, in some alkali
basalts and hawaiites, the representative points
of plagioclases are plotted on the Si + Al'Y =4
line representing the saturation of the
tetrahedral site. The plagioclase — liquid
geothermometer of Kudo and Weill (1970)
gives temperatures 1077 to 1178°C for the
picrites, 1120 to 1189°C for the alkali basalts
and 1168 to 1202°C for the hawaiites for a
water pressure of 1 kbar.

Fe-Ti oxides (Table 6) are present during
the crystallization either as inclusions in
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Table 6. Chemical analyses of Fe-Ti oxides in wt.%

Rock Picrite Alkali basalt Hawaiite

Sample Y11 Y11 BS2 BS2 T10 TI0| MN8 MN8 MNB P1B P1B
SiO, 1.14 0.14 0.10 0.06 0.07 0.20 0.78 0.07 0.05 0.15 0.50
TiO, 18.49 1.09 26.71 27.17| 2098 21.70| 24.55 2473 2577 2193 2495
AlLOs 7.11 26.75 2.60 3.71 433 3.93 1.46 1.50 1.52 0.81 2.85
Cr,05 3.40 28.31 0.49 0.64 1.72 0.35 0.00 0.21 0.10 0.33 0.21
FeOt 60.85 2697 6098 61.37| 63.94 6546| 63.87 6575 6569 67.85 63.60
MnO 0.55 0.23 0.74 0.81 0.87 0.63 1.01 0.57 0.69 1.15 0.64
MgO 3.87 11.64 3.49 3.65 2.52 1.85 3.08 2.19 2.40 1.91 227
CaO 0.31 0.00 0.18 0.09 0.14 0.27 0.03 0.00 0.11 0.17 0.22
NiO 0.41 0.83 0.00 0.06 0.00 0.09 0.00 0.27 0.14 0.06 0.00
Total 96.13 9596 9529 97.56| 94.57 9448 | 9478 9529 9647 9436 95.24
Formulae based on 32 oxygens and 24 cations

Si 0.33 0.03 0.03 0.02 0.02 0.06 0.23 0.02 0.01 0.05 0.15
Ti 3.98 0.21 5.98 591 4.71 491 5.55 5.61 577 5.03 5.62
Al 2.40 791 0.91 1.27 1.52 1.39 0.52 0.53 0.53 0.29 1.01
Cr 0.77 5.61 0.12 0.15 0.40 0.08 0.00 0.05 0.02 0.08 0.05
Fet 14.56 5.66 15.17 1485| 1596 1646 16.05 1659 1635 1732 1593
Mn 0.13 0.05 0.19 0.20 0.22 0.16 0.26 0.15 0.17 0.30 0.16
Mg 1.65 435 1.55 1.57 1.12 0.83 1.38 0.98 1.06 0.87 1.01
Ca 0.10 0.00 0.06 0.03 0.05 0.09 0.01 0.00 0.03 0.05 0.07
Ni 0.09 0.17 0.00 0.01 0.00 0.02 0.00 0.07 0.03 0.02 0.00
Fe** 4.23 1.99 2.96 2.73 4.61 4.59 3.92 4.15 3.88 5.47 3.40
Fe?* 10.33 3.67 1221 12.1] 11.34  11.87| 12.13 1244 1248 11.84 1253
FeO* 43.18 17.48 49.08 50.07| 4545 47.19| 4828 4929 50.12 4640 50.01
Fe,O5* 19.64 10.55  13.22  12.56| 20.55 2030| 17.33 1829 17.30 23.83 15.10
Total* 98.09 97.01 96.62 98.82| 96.63 96.50| 96.52 97.12 9820 96.72  96.75
Mg/Mg+Fe** 0.14 0.54 0.11 0.12 0.09 0.07 0.10 0.07 0.08 0.07 0.07
Cr/Cr+Al 0.24 0.41 0.11 0.10 0.21 0.06 0.00 0.09 0.04 0.21 0.05
F2 9.95 086 12.16 12.04 1.1 11.82 1213 1241 1247 11.80 12.50
F3 3.96 1.90 2.59 2.34 4.17 4.27 3.40 3.86 3.53 4.88 3.08
MG 0.45 0.40 1.09 0.94 0.36 0.14 1.12 0.72 0.80 0.72 0.51
Chr 0.05 0.35 0.01 0.01 0.03 0.01 0.00 0.00 0.00 0.00 0.00
Mg-Fe 0.06 0.05 0.14 0.12 0.04 0.02 0.14 0.09 0.10 0.09 0.06
Mag 0.25 0.06 0.03 0.03 0.22 0.25 0.13 0.15 0.12 0.22 0.16
Sp 0.15 0.49 0.06 0.08 0.10 0.09 0.03 0.03 0.03 0.02 0.06
Ul 0.50 0.03 0.75 0.74 0.59 0.61 0.69 0.70 0.72 0.63 0.70
Ja 0.02 0.01 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.04 0.02
T 1.02 0.98 1.00 1.00 1.00 0.99 1.03 0.99 0.99 1.00 1.01
Chromite 0.05 0.36 0.01 0.01 0.03 0.01 0.00 0.00 0.00 0.00 0.00
Mg-ferrite 0.06 0.05 0.14 0.12 0.05 0.02 0.14 0.09 0.10 0.09 0.06
Magnétite 0.24 0.06 0.03 0.03 0.22 0.25 0.13 0.15 0.12 0.22 0.16
Spinelle 0.15 0.50 0.06 0.08 0.10 0.09 0.03 0.03 0.03 0.02 0.06
Ulvospinelle 0.49 0.03 0.75 0.74 0.59 0.62 0.67 0.71 0.73 0.63 0.70
Jacobsite 0.02 0.01 0.02 0.02 0.03 0.02 0.03 0.02 0.02 0.04 0.02

clinopyroxene and olivine phenocrysts, or as
microphenocrysts or microcrystals in the
groundmass. They are titanomagnetite con-
taining 49 to 75 % of ulvospinel (Fig. 5).
Moreover, an aluminous (26.8 wt.% Al,Os) and
chromian (28.3 wt.% Cr,0;) spinel is described
in the picrites (Table 6). This could witness of

two phases of crystallization for the oxides:

- the first phase corresponds to the Al-Cr
spinel;

- the second phase corresponds to
titanomagnetite, first as inclusions and later as
microphenocrysts.
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Fig. 5. FeO-Fe,0;-TiO, diagram for the lava from
the western side of Noun

Geochemistry

Lavas from the western side of the Noun River
show only a slight differentiation as their
differentiation indexes (DI) (Thornton & Tuttle
1960) vary from 18.6 to 39.2 (Table 7). Rocks
are picrites, alkali basalts and hawaiites (Fig.
6a). They globally define an alkaline trend

mainly sodic, but sometimes potassic, with
Na,O/K,0 ratio between 1.8 and 3.2. They
contain 0 to 15 wt.% of normative nepheline or
0.5 to 0.8 wt.% of normative hypersthene. The
Mg# ratio normally decreases from the picrites
(0.78) to the hawaiites (0.5). These lavas are
ultrabasic (SiO, < 45 wt.%) or basic (45 wt.%
< Si0, < 50 wt.%). Total Na,O + K,O contents
witness of a continuous evolution of the
picrites to the hawaiites, the representative
points of which plot in the field of alkaline
series (according to Macdonald & Katsura
1964) (Fig. 6b).

The major elements variations versus DI
present 3 tendencies (Fig. 7):
1) Some element contents
picrites to hawaiites:

. Si0O, contents (41 to 46 wt.%) present
a continuous increase from picrites to
hawaiites;

Al,O5 contents regularly increase from
picrites (11.5 wt.%) to hawaiites (17.1 wt.%);
Na,O and K,O increase gradually in
the series. The highest contents are in hawaiites
(up to 3.7 wt.% Na,O and up to 1.9 wt.% K,0).
2) Some element contents decrease from

increase from

—~ 48
X Picrite Basalt Hawaiite
2
N
() (o]
» 461 ° 2
o o | @
o
o
o
44- o
00
42 o O
o
40 T T r DI
15 20 25 30 35 40 45

Fig. 6a. The lavas nomenclature from the western side of Noun (Thornton &Tuttle 1960)
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Fig. 6b. Plot of lavas from the western side of Noun in the total alkalis vs. silica (TAS) diagram of Le Bas et
al. (1986). Alkali and subalkali fields according to Miyashiro (1978)

picrites to hawaiites: the CaO and MgO
contents decrease in the series. In the picrites,
these contents vary from 11.2 to 11.9 wt.%
CaO and 11.5 to 13.8 wt.% MgO; in alkali
basalts, from 8 to 12 wt.% CaO and 5.5 to 11.5
wt.% MgO; in the hawaiites, they evolve from
7.6 t0 9.8 wt.% CaO and 5.2 to 6.7 wt.% MgO.
This global evolution can be explained by the
incorporation of the CaO during the
fractionation of clinopyroxenes and MgO in the
olivines, from picrites to the hawaiites. P,Os
contents show a slight decrease from the
picrites to the hawaiites, in relation with the
apatite fractionation.

3) Some element contents remain constant like
MnO (average of 0.2 wt.%) or show a great
dispersion like Fe,O;. This is related to the
crystallization of some minerals such as Fe-Ti
oxides which are present in variable
proportions in the lavas.

Incompatible elements variations during
differentiation process are related to their
hygromagmatophile affinity. The diagrams in
Fig. 8 indicate a positive correlation of some
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trace element contents (U, Nb, Yb, Hf, Ta, La,
Zr, Y) with Th. U contents show some
variations in picrites (0.9-2.1 ppm), alkali
basalts (0.8-1.8 ppm) and hawaiites (1-1.6
ppm). Ba contents are relatively constant in the
picrites (646 to 683 ppm). We note an increase
(up to 1242 ppm) in the hawaiite NG1. Rb
contents increase during differentiation, from
24 ppm in the picrites to 70 ppm in the
hawaiites.

Variations of the compatible elements
versus DI (Fig. 9) show negative correlations
all along the magmatic differentiation. Sr
contents decrease during the magmatic
differentiation, from 1370 ppm in picrites to
700 ppm in alkali basalts and hawaiites. This
decrease is related to the plagioclase
fractionation. Ni and Cr contents in picrites are
260-360 ppm and 582—710 ppm respectively.
These contents are relatively close to the
typical values of the primary basaltic liquids
resulting from the partial melting (0 < PM < 30
%) of the peridotitic mantle: 250 to 500 ppm
for Ni (Allegre & Minster 1978; Villemant et
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Fig. 7. Major elements amounts (wt.%) of lavas vs. DI. Symbols as on Fig. 6b
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al. 1981) and higher than 600 ppm for Cr with the important fractionation of olivine and
(Bougault 1980; Green 1980; Villemant et al.  clinopyroxenes. Co contents decrease from the
1981; Clague & Frey 1982). The decreases of  picrites (71 ppm) to the hawaiites (33 ppm),
Ni and Cr contents all along the series (up to 9  simultaneously with Cr during differentiation.
ppm Ni and 5 ppm Cr in hawaiites) are related  The variations in Co and Cr are correlated to
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Fig. 9. Trace elements compatible amounts (ppm) of lavas vs. DI. Symbols as on Fig. 6b

the crystallization of clinopyroxenes. Ni and
Co mainly indicate the fractionation of olivines
(Wilson 1989) and clinopyroxenes (Joron et al.
1980; Kidkhonen 1989). Vanadium presents a
linear correlation and decreases moderately
from picrites to hawaiites. This behaviour is in
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relation with its incorporation in the Fe-Ti
oxides.

The spectra of RRE, normalized to
chondrites (McDonough & Sun 1995) (Fig.
10), show LREE enrichment versus HREE in
picrites, alkali basalts and hawaiites. These
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spectra are more or less identical that witness
of the comagmatic origin of all the lavas.

The ratio Eu/Eu* (Taylor & Mc Lennan
1985) varies from 2.7 to 3.1 in picrites, 2.3 to
3.3 in alkali basalts and 2.5 to 4.5 in hawaiites.
These positive values characterize an
accumulation of plagioclases during the
magmatic processes (Macdonald et al. 1995).
For the lava of western side of Noun, the
values of the La/YDb ratio are high and typical
of the alkaline basic lavas. These ratios, which
decrease from the picrites (31 on average) to
the hawaiites (22 on average) can be related to
the presence of garnets in the mantel source
(Rollinson 1993). Spectra of the trace elements
(Fig. 11) normalized to the primitive mantle
(Sun and McDonough 1989) are very similar to
those of the 1999 lavas of the Mount Cameroon
(Déruelle et al. 2000; Tsafack 2009), of the
hawaiites of the Tombel graben and of the OIB
(Fitton & Dunlop 1985).

Two processes could be successively
invoked: a very weak partial melting for the
formation of the picrites following by a starting
fractional crystallization at the origin of basalts
and hawaiites The picrites of the western Noun
Plain could derive from a primary magma at a
weak rate of partial melting of about 5 %, near
to that calculated by Sun & Hanson (1975) and
coming from a mantel source near the OIB.

Discussion and concluding remarks

The location of the different volcanic edifices
in the western Noun Plain, one of the links of
the CVL, has been controlled by extensional
tectonic regime, recorded in two main
directions: N35 and NI135. Volcanism was
active during several events, mainly effusive at
10.43 Ma, 4.60 to 4.15 Ma, and mainly
explosive at 2.04 to 1.70 Ma and in more recent
times (0.40 Ma), as indicated by whole-rock K-
Ar ages.

Incompatible elements ratios (Table 8) in
the lavas of the western side of Noun are
compared to those of some other volcanic areas
along the CVL (recent lavas of the Mount
Cameroon, Déruelle et al. 2000; recent basalts

&9

Table 9. Rb-Sr and Sm-Nd isotope data of lavas from the Noun Plain (analyses: D. Demaiffe, Laboratoire de Géochimie Isotopique,
Université Libre de Bruxelles, Belgium)

INd/MNd 26

Nd
ppm

875p/868r 26 S
ppm

Sr
ppm

m

Rb
50.2
43.7

Rock

Sample

11E-06

0.512926
0.512887
0.512875

53.0

9.88
9.70
8.75

0.000008
0.000010
0.000005

1028 0.703157

1188 0.703218

picrite
alkali basalt
alkali basalt

Y11

7E-06

50.3
4

K5
T10

9E-06

7.3

896 0.703494

45.5
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Fig. 12. Nb/Y vs. Zr/Y isotopic diagram (adapted from Kuepouo et al. 2006 and Weaver, 1991, modified and
completed). New analyses: picrite (triangle), alkali basalt (square) and hawaiite (circle). (OIB) oceanic island
basalts; (OPB) oceanic plateau basalts; (PM) primitive mantle; (DEP) deep depleted mantle; (REC) recycled
component; mantle poles HIMU (high 2381/2%P ratio), EM1 and EM2 (enriched)

of the Mount Manengouba, Kagou et al. 2001;
recent lavas of the Tombel graben, Nkouathio
et al. 2002) and to those of some other alkaline
intraplate series (French Polynesia, Th/La
0.12; Th/Ta = 0.85; Ta/La = 0.12; Th/Hf =
0.66, Maury et al. 1992). This study shows the
similitude of these ratios, indicating the
existence of a homogeneous magmatic source
and their derivation from partial melting
(Villemant & Treuil 1983; Gisbert 1989).
Compared to other alkaline series, the lavas in
the western side of Noun are similar to those of
the islands of Sainte Helene and Tristan da
Cunha (Zr/Nb: 4.2-4.5; Ba/La: 8.7-13.2,
La/Ta: 9.6— 12.2, Th/U: 3.8-4.5, and Ba/Ta:
85.5-159.4 respectively). The primary liquids
have the characteristics of the OIB. Indeed Sato
et al. (1990) argue that monogenic and
polygenic volcanoes do not present the same
source along the Cameroon volcanic line.
These authors confirm that the monogenic
volcanoes derive from the OIB (Fig. 12) (while
the polygenic volcanoes show the same
characteristics of the MORB). These results are
in conformity with the patterns of the trace
elements and those of the rare earths which
present similarities with the OIB for MREE and
HREE.

90
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Three isotopic analyses were performed
by D. Demaiffe (Table 9). Sr isotopic ratios are

corrected for mass fractionation with
normalization to Sr/**Sr = 0.1194. Nd
isotopic data are corrected for mass
fractionation by normalization to ratio

MONd/'"Nd = 0.7219. The isotopic analyses
carried out on two alkali basalts and one picrite
have yielded Sr isotopic ratios ranging between
0.703157 and 0.703494, and for Nd between
0.512875 and 0.512926. These Sr ratios are
close to those of the recent lavas of the Mount
Cameroon (¥St/*°Sr = 0.703198-0.703344)
(Wandji et al. 2009). Although these values are
little lower than those lavas of the Bamoun
plateau  (*'Sr/**Sr 0.703343-0.704472)
(Moundi et al. 2007), than those of the Tombel
graben  (¥Sr/*’Sr 0.703420-0.703640)
(Nkouathio et al. 2008), than the mafic lavas
from mounts Bambouto (*’Sr/*Sr = 0.703248—
0.704250) (Nkouathio et al. 2008), while the
felsic lavas from the Mbépit massif present
rather high ratios (*’St/**Sr = 0.7047-0.7050)
(Wandji et al. 2008), all these values are rather
similar to those obtained for the whole CVL
(Halliday et al. 1988; Lee et al. 1994) and the
results indicate that the recent basaltic lavas of
the Noun Plain display characteristics of a
mantle source.
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Fig. 13. "*Nd/"Nd vs. ¥'St/*Sr isotope correlation diagram (adapted from Rollinson 1993, modified and
completed). New analyses: picrite Y11 (triangle), alkali basalts T10 and BKS5 (square). Fields of the other
lavas from CVL (Mount Cameroon and Mount Manengouba, adapted from Halliday et al. 1990); fields of
Fangataufa (Bardintzeff et al. 1994), of alkali lavas of Hoggar (Ait-Hamou et al. 2000), of Ethiopia (Pik et al.
1999), of Kerguelen (Bardintzeff et al. 1994; Gautier et al. 1990), MORB and mantle compositions DM
(depleted), EMI and EMII (enriched), HIMU, PREMA and BSE defined by Zindler & Hart (1986)

The chemical characteristics (major, trace
and rare earths elements) of the lavas allow us
to precise the chemical nature and magmatic
affinities of the series. The rocks belong to an
undersaturated alkaline domain, weakly differ-
entiated. The primary magma of the picrite
type resulted from the partial melting at a low
rate (5 %) of mantle source similar to those of
the OIB. The isotopic *'Sr/**Sr and '*Nd/"*'Nd
ratios show that the recent basaltic lavas of the
Noun Plain derive from a mantle source very
close to the prevalent mantle type (PREMA) in
which HIMU (high **U/***Pb ratio) plays the
major role.

87S1/*6Sr and '*Nd/"**Nd isotopic ratios of
the alkali basalts and hawaiites show some
similarities with those of the alkali districts of
the Hoggar (Ait-Hamou et al. 2000), of
Ethiopia (Pik et al. 1999) and of the relative
fields in Fangataufa (Bardintzeff et al. 1994)
(Fig.13).
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