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Abstract

Alkaline volcanic activities occurred in the Mt Cameroon at the ocean-continent boundary of the Cameroon Line. It is characterized by a
volcanic association of alkali basalts and hawaiites extruded during the late Miocene to Recent times. The major and trace element geo-
chemistry of the Mt Cameroon are consistent with the fractional crystallization of olivine + clinopyroxene * plagioclase (+ amphibole).
Petrographical and mineralogical study reveals the presence of xenocryts (olivine, clinopyroxene and spinel) in Mt Cameroon basalts.
Their composition are similar to xenoliths and rocks crystals and they come from cumulates formed in the upper lithospheric mantle. Mt
Cameroon magmas were generated near the boundary of garnet and spinel mantle stability domains (60—75 km depth), at the base of the
lithospheric mantle that the compositions of the Mt Cameroon magmas are consistent with derivation from a infralithospheric mantle that
was metasomatised by carbonatite melts. Basaltic volcanism in the Mt Cameroon occurred probably as a result of minor plume activity

coupled with lithospheric extension.
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1. Introduction

Commonly, it is considered that all the basalts emitted on the
Earth’ surface, originated from the mantle after partial melting.
Indeed, geochemical studies of basalts could provide essential
knowledge of the mantle composition. Thus, their isotopic signa-
ture is often considered to identify the source and their trace ele-
ment characteristics are used to constraint source composition as
well as partial melting and fractional crystallization processes.
Moreover, these data carried out an important chemical contrast
between rocks emitted in oceanic domain and those emplaced in
the continental domain. Despite the existence of alkaline rocks
(OIB), the most common oceanic basalts are tholeiites which are
silica-saturated and relatively poor in incompatible elements. In
contrast, the intraplate continental basalts (alkali basalts and neph-
elinites) are mostly alkaline rocks which are silica-undersaturated
and enriched in incompatible elements. These characteristics raise
the problems of their mode of formation and the chemical compo-
sition of their sources. Moreover, during their ascent, they are
susceptible to be contaminated by the lithospheric mantle and the
continental crust.

The Cameroon Hot Line (CHL) is a unique within-plate volcanic
province which straddles a continental margin. It consists of a
chain of Cenozoic to Recent, generally alkaline volcanoes stretch-
ing from the Atlantic island of Pagalu to the interior of the African
continental and oceanic area. Among the numerous hypotheses
that have been proposed to explain the structure and the formation
of the Cameroon Hot Line (for a comprehensive review and a

discussion, see Déruelle et al. 1991), the most widely accepted
structural explanation is that the CHL would be a succession of
mega-tension gashes resulting from reworking during Aptian—
Albian times of the N70°E shear zones at the beginning of the
opening of the Central Atlantic Ocean (Moreau et al. 1987).The
reworking of shear zones could be linked to the occurrence of hot
lines in the asthenospheric mantle (Bonatti et al. 1976).

If the dynamics and functioning of the CHL volcanic system is
easily understood, the questions asked about the chemistry of the
lavas, the nature of magma sources in the ocean-continent litho-
sphere (Bioko, Mt Cameroon, Etinde) remains still very much
debated. In fact, there are many controversies about the origin of
basalts located at the ocean-continent limit of the CHL. As can be
seen, although basalts at the ocean-continent boundary, alkaline
and chemically similar to many oceanic basalt (OIB) , there re-
mains considerable debate as to whether the source of the alkaline
basalts is the subcontinental lithospheric mantle (SCLM), astheno-
spheric mantle, or deep mantle bound to the hot spot . In addition,
whether variations in the chemical and isotopic compositions of
primitive alkaline volcanic mafic rocks present at the ocean-
continent boundary are the result of mixing the various final terms
or the result of crustal contamination remains a difficulty to solve.
Mt Cameroon is the only currently active volcano of the Came-
roon Line, located at the transition area between ocean and conti-
nent. It has emitted essentially basaltic lavas (Déruelle et al.
1987), and, is associated to a small volcano (Mt Etinde) located on
its SW flank, composed mainly of nephelinites (Nkoumbou et al.
1995). From a study of wehrlite and clinopyroxenite xenoliths,
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Ngounouno et al. (2005) provided evidence that portions of the
lithospheric mantle beneath the Mt Cameroon are isotopically
enriched. The Mt Cameroon volcano provides, therefore, an op-
portunity to study petrogeneis of alkali basalts in a continental and
oceanic area. This work presents the petrological and geochemical
data of the volcanic rocks from the Mt Cameroon in order to dis-
cuss their genesis and to constraint the mineralogy and composi-
tion of their mantle source. These data are used to develop new
constraints on the origin of the Cameroon Line.

2. Geological setting and mt cameroon volcan-
ic landforms

Mt Cameroon (Fig.1) is a Plio-quaternary volcanic massif, without
any central crater, composed of lava flows and of more than 140
pyroclastic cones erected upon a horst of Paleozoic basement. Mt

Cameroon is an active volcano. It contains distinct volcanic land-
forms that reflect different styles of activity. Scoria cones with
associated lava flows dominate the landscape; they are associated
with basalt and hawaiite actvity. The present Mt Cameroon sur-
face exposes 140 pyroclastic cones including parasitic cones, main
craters and vents from which pyroclastics and lavas were ejected.
They are as much as 100 m high, typically steep, and open on one
side where lava flows were extruded. On a regional scale the out-
crops of the Mt Cameroon define a subcircular-shaped region, and
from the distribution of the emission points a predominantly
N40°E—N50°E volcanic trend can be recognized. The cones gen-
erally consist of irregular shaped vesicular bombs, scoria, and
lapilli, with less common spatter and agglutinated spatter; spindle
bombs are rare.
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Fig. 1: Map of Mt Cameroon Showing Sample Locations; Alitudes and Rainfalls. Inset: Map Showing the Location, of the Cameroon Line in West Africa
(From Déruelle Et Al. 1991). The Main Cenozoic Volcanic Centers Are Shown in Black.

The rock associated with the scoria cones vary from 4 to 10 m
thick and are generally composed of aa lavas, some pahoehoe near
their vents. Some flows that are entirely composed of pahoehoe
are only 1 to 4 m thick. Six massive lavas erupted in 1909, 1922,
1959 1982, 1999 and 2000 are selected and located as follow:

The 1909 lava flow was sampled on the north flank of Mt Came-
roon at an altitude of 2300m. The 1922 lava flow is located on the
west flank of the volcano at sea level near Bibundi town. The
1959 lava flow was sampled on the northeast flank of the volcano
at an altitude of 485m near Ekona. The 1982 samples were col-
lected at mid-slope (2400m), on the southwest flank of the massif.
Basaltic lavas from the 1999 eruption were sampled at an altitude
of 2700m near the 1982 crater.

Well-defined lineaments have been reported on the geological
map. The morphology of Mt Cameroon is directly related to the
regional tectonic. Its structure is typically that of a horst covered
with volcanic products. Recent eruptions have been produced
preferentially on the SW, WSW, W and NE flanks which are
N40°E—N50°E trending affecting its entire basement, and with
normal faults N120—N2130°E (Déruelle et al. 1987). These main
directions, which are also formerly recognized in the basin of
Mamfe (Moreau et al. 1987), correspond to crust discontinuities
inherited from the Pan-African orogeny and reactivated during
Cenozoic to Recent times.

3. Sampling and analytical methods

The main mineral phases of the Mt Cameroon basaltic rocks have
been analyzed by CAMEBAX electron microprobe at Université
Pierre et Marie Curie, Paris.

— clinopyroxene (iron recalculated after Droop (1987) and classi-
fication after Morimoto (1989); 15 kV, 40 nA, 20 s by element
except Ti: 30 s); — amphibole (iron recalculated after Leake et al.
1997; 15 kV, 40 nA, 15 s by element except Ca and Ti: 20 s, Fe
and Mn: 25 s, and F and ClI: 30 s); — Ti-magnetite and ilmenite
(iron recalculated after Stormer (1983); 20 kV, 40 nA, 40 s by
element except Al and Cr: 30 s). The program of correction is
from “PAP” (Pouchou and Pichoir 1991).

Whole-rock chemical analyses of basaltic rocks from Mt Came-
roon were carried out at CRPG laboratory, Nancy (France). Major
elements were analyzed by ICP-AES and trace elements by ICP-
MS. The samples were previously selected in order to limit super-
ficial contamination, then crushed. Details of other analytical pro-
cesses were presented elsewhere (Carignan et al. 2001). Samples
for Sr and Nd isotopic analyses were dissolved in mixed HF-
HNO3 (10:1) acid mixture; chemical separation was carried out by
cation exchange chromatography; blanks were<1 ng. Sr and Nd
isotopic ratios were measured on a VG Sector 54 multicollector
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thermal ionisation mass spectrometer (“Université Libre de Brux-
elles”). Replicate analyses of the MERCK Nd standard gave an
average !Nd=1*Nd value of 0.5127428 (normalized to
143Nd="*Nd¥a 0.7219), and measurements of NBS 987 Sr yielded
an average &Sr=8Sr wvalue of 0.710247 (normalized to
865r=885r1,0.1194). Epsilon Nd values were calculated assuming
147Sm=1%Ndvs 0.1967 and !43Nd='*Nd¥. 0.512638 for CHUR
(see Ashwal et al. 2002 for a detailed description of the proce-
dure). CIPW normative compositions were calculated on a water-
free basis with Fe203/FeO = 0.2 for basalt and 0.3 for hawaiite
according to Middlemost (1989).

4. Nomenclature and petrography

The Mt Cameroon rocks are named according to their differentia-
tion index (Thornton and Tuttle, 1960). Alkali basalts 10 < D.I. <
35: (s.l); 35 < D.I. < 50: hawaiites. Mg rich basalts are corre-
sponding to those with the MgO contents higher than 12 wt % and
Mg# > 50, Mg# = 100*[Mg/(Mg+Fe?")].

Mg-rich basalt (10.8 < D.I. < 19.7) are usually massive with vari-
able aMts of vesicles. Vesicles are more abundant in the scoria-
ceous samples, and they have a microlitic porphyric texture with
abundant (30—40 % vol.), olivine phenocrysts (0.7-3 mm) and Ca-
rich pyroxene (15-25 % vol., 1-2 mm) and spinel, magnetite, and
anhedral strain-twinned Ca-rich pyroxene xenocrysts. The matrix
is composed of olivine and Ca-rich pyroxene (< 0.3 mm), plagio-
clase (bytownite—Ilabradorite) microlites, amphibole (brown
hornblende) and glass.

Basalts (20 < D.l.< 35) have a porphyric microlitic texture; some
rare samples are less porphyric. Olivine (8-10% vol) and Ca-rich
pyroxene (3-4%) phenocrysts are present in various proportions.
The matrix contains fine plagioclase microlites, oriented or not,
numerous Fe-Ti oxides and small grains of Ca-rich pyroxene. All

phenocrysts seem to be fresh and, particularly, there is no idding-
site in the olivine cracks. Plagioclase crystals are euhedral to sub-
hedral, and usually contain glassy inclusion-rich zones

Hawaiites (35.4 < D.I. < 46.2) contain abundant plagioclase phe-
nocrysts (20-15 vol %), subordinate olivine phenocrysts and
strongly zoned Ca-rich pyroxene phenocrysts with pink core and
brownish rim in a fine-grained groundmass rich in plagioclase,
granular pyroxene, and equant opaque oxides (10—30 pm).

5. Mineralogy

5.1. Olivine

Mg-rich olivine phenocryts (Table 1) occurs in olivine basalts,
very rich olivine basalts, and hawaiites. In basalts, the crystals are
generally homogeneous, but can sometimes have Mg-rich cores
(the most magnesian ones occurring in the very rich olivine bas-
alts. The phenocrysts are usually unzoned Fosgs-s1) and less magne-
sian rims (Fozs). In hawaiites, the crystals are also generally ho-
mogeneous, but can sometimes have Mg-rich cores (the most
magnesian ones occurring in the hawaiite C8C). The phenocrysts
are usually unzoned Fo7s-73) and less magnesian rims (Foez). Fig. 2
shows that, with the exception of some magnesian cores of xeno-
crysts from hawaiite C1W, the compositions of olivine plot on a
well-defined trend of increasing Fe and Mn contents on the Mg—
Fe—Mn diagram. Their CaO content is low (< 0.5 wt. %), and
suggests low-pressure crystallization (Simkin and Smith, 1970).
Furthermore, the relatively homogeneous distribution of Ca from
cores to rims of phenocrysts may indicate the dominance of a
cooling trend with little change in pressure which is rather low
(Stormer, 1973).

Table 1: Representative Chemical Analyses of Olivine from Mt Cameroon Rocks.

basalt hawaiite
Rock type Sample Description C10R C5B  C8B  C9P 00-5 00-3 00-4 99-02 C8C C8D Clw C10D 00-1

ph.c ph.c phc ph.c  ph.c ph.c ph.c phc ph.c _ph.r ph.c ph.c phc phc ph.c X. C ph.c _ ph.c ph.
SiO2 (% wt.) 39.59 39.48 3957 39.35 39.56 14.30 39.82 39.73 39.87 39.37 3820 39.11 3935 40.06 39.28 39.40 40.67 3751 37.17 34.99
FeO 13.80 13.85 1465 14.28 ’ ’ 16.74 1516 14.02 1572 2262 16.03 16.74 1519 19.71 2033 11.18 2403 3320 35.08
MnO 015 028 0.20 026 0.0 027 021 011 025 040 025 022 019 0.36 0.35 010 047 103 1.05
MgO 4510 4535 4536 44.81 45.62 4246 4337 4546 4415 3835 4370 4294 4358 4025 39.94 4748 36.80 29.13 29.05
Ca0O 032 033 031 040 034 030 036 033 032 029 030 031 02 033 0.42 012 041 037 0.38
NiO 022 022 013 019 0.20 021 020 0.22 013 004 024 014 0.00 0.13 0.12 0.41  0.06 0.05 0.01
Total 99.17 99.50 100.22 99.28 100.22 99.80 99.03 100.01 99.94 99.90 99.63 99.70 99.28 100.06 100.56 99.96 99.28 100.95 100.56
Si (a.p.f.u) 0.999 0.994 0992 0.995 0.990 1.009 1.012 0997 0.993 0.997 00991 1001 1.017 1.011 1012 1.006 0993 1.017 0.964
Fe 0.291 0.292 0.307 0.302 0.299 0.357 0.323 0.287 0317 0487 0.322 0.356 0.322 0424 0437 0231 0517 0759 0.735
Mn 0.003 0.006 0.004 0.006 0.004 0.006 0.005 0.002 0.005 0.009 0.005 0.005 0.004 0.008 0008 0.002 0011 0.024 0.025
Mg 1696 1.702 1.695 1.689 1.703 1616 1.647 1695 1.659 1.492 1651 1628 1.649 1545 1530 1.750 1.452 1.188 1.193
Ca 0.009 0.009 0.008 0.011 0.009 0.008 0.010 0.009 0.009 0.008 0.008 0.008 0.07 0.009 0012 0.003 0.012 0.011 0.011
Ni 0.004 0.005 0.003 0.004 0.004 0.004 0.004 0.004 0.003 0.001 0.005 0.003 0.000 0.003 0003 0.008 0001 0.001 0.000
Fo(%) 852 851 845 846 849 819 836 855 840 754 837 821 87 785 77.8 883 737 610 61.9
Fa 148 149 155 154 151 181 164 145 160 246 163 179 164 21.6 22.2 117 263 39.0 38.1
Mg# 8535 8537 8466 84.83 85.05 81.89 8360 8552 8398 7538 8368 8205 83.64 7845 77.79 8833 7373 6100 61.87

ph=phenocryst,c=core,b=rim,x=xenocryst
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Fig. 2: Distribution of the Olivine Compositions in the Mg-Fe-Mn Diagram for the Volcanic Rocks of Mt Cameroon.

Olivine phenocrysts in the host lavas crystallized most probably
during and after eruption to the surface because of expansion of
the olivine stability field at shallower pressure. This is consistent
with calculated olivine/whole-rock temperatures of 1200°C (-
40/+20) (Puturika, 1997). Equilibrium between olivine and whole-
rock was assumed if calculated equilibrium olivine compositions
(with Kp°Via (Mg-Fe) = 0.30 + 0.003, Roeder and Emslie (1970)
matched measured olivine phenocryst cores.

5.2. Ca-rich pyroxene

Ca-rich pyroxene is present in basalts and hawaiites (Table 2). Its
composition ranges from Woss Enss FSs to Woss Enss Fsi2 and
belongs to the diopside field (Morimoto et al. 1988) of the pyrox-
ene quadrilateral. The phenocrysts are rich in aluminium (3.4 <
Al,0,< 7.5 %) and titanium (1.7 < TiO,< 3.5 %), the highest Al
and Ti contents being found in rims (Fig. 3). Calculated AIV/AI'Y
ratios have a larger range in cores (0.18—0.72) than in rims
(0.13—0.46). Ti/Al ratios range from 0.11 to 0.29 in cores and
from 0.17 to 0.37 in rims. All these data indicate that the cores
have equilibrated as relatively low pressures (Wass, 1979). The
systematically low Na when compared with the high aMt of Al
and Ti and noticeable Fe®* estimated contents, indicate that Ca-Ti-
Tschermak’s and Ca-Tschermak’s molecules are the other major
components.
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Fig. 3: Compositional Variations of Clinopyroxene Phenocrysts, Xeno-
crysts and Microlites from the Mt Cameroon Volcanic Rocks. Data of
Xenolith of Mt Cameroon are from Ngounouno Et Al (2001).

The microlites of Ca-rich pyroxene (Woas Enss Fsio) contain less
AIV! than the phenocrysts, showing to their low-pressure crystalli-
zation. Assuming a temperature of 1000°C, equilibrium pressures
could be estimated at 0.3 + 0.04 GPa (after Nimis, 1998). Clinopy-
roxene compositions of the lavas are quite similar to those of the
xenoliths from the mantle. Clinopyroxene phenocryst rims and
microlites have high Al203 contents (4.5-6.1 wt. %).

Table 2: Representative Chemical Analyses of Clinopyroxene from Mt Cameroon Rocks

Rock type basalt hawaiite

Sample C10R C5B C8B C9P  00-5 00-3 00-4 Cciow  CsC Cc8D ciw C10D 00-1 C10F 00-6
Description  ph.c  ph.b ph.c phc xc X.C ph.c ph.c x.c ph.c x.c ph.c m X.C ph.c ph.c ph.b phc ph. b ph.c ph.b xc ph.b ph.c ph.b  ph.c
?A:)OZ (W 52.28 52.31 4753 49.18 49.94 4707 49.84 4564 50.02 47.03 50.78 47.16 49.37 4847 48.18 48.84 47.98 47.30 46.33 48.11 4547 51.84 5049 49.94 44.08 46.97
Tio2 0.77 0.77 1.96 2.05 1.37 231 1.50 2.93 1.24 2.66 0.95 251 1.89 1.70 221 2.55 2.52 2.00 3.51 227 3.46 0.82 1.78 2.00 3.84 2.35
Al203 281 251 6.22 4.09 3.89 6.18 3.81 7.69 4.22 6.23 371 6.37 453 5.52 5.29 5.19 5.41 6.16 6.47 5.14 7.45 2.24 2.85 447 8.13 6.89
Cr203 030 041 046 001 032 043 000 004 063 003 092 002 000 063 0.00 001 0.00 0.00 0.00 000 000 073 0.00 001 0.00  0.04
FeO* 4.82 451 7.13 6.89 6.02 7.55 8.35 8.50 5.45 7.59 5.08 7.59 7.14 6.29 7.88 7.04 7.25 8.30 9.37 7.27 8.06 5.72 7.68 6.86 9.10 8.15
MnO 0.02 004 012 0.18 0.13 0.11 0.09 0.15 0.08 0.08 0.10 012 014 0.05 0.07 0.18 0.20 0.14 0.40 0.13 0.14 0.07 0.28 0.21 0.15 0.15
MgO 15.88 1596 13.14 13.87 14.60 13.01 14.17 1276 1483 12.89 1537 1279 14.05 13.82 13.28 13.34 1292 14.06 11.68 1341 1209 15.78 14.08 13.69 11.48 12.60
CaO 23.06 2260 2253 2258 2274 2266 2115 21.07 2251 2234 2229 2240 2237 2258 2276 2232 2226 21.98 21.85 2259 2278 2245 2184 2243 2252 22.62
Na20 0.36 0.39 0.38 0.40 0.33 0.35 058 0.64 0.33 044 033 0.43 0.38 0.39 0.39 0.45 0.47 0.33 0.50 0.42 0.44 0.32 0.51 0.48 0.49 0.35
Total 100.3 99.49 99.47 99.25 99.34 99.67 99.49 99.42 99.31 99.29 9953 99.39 99.87 99.45 100.06 99.92 99.01 100.27 100.11 99.34 99.89 99.97 99.51 100.09 99.79 100.12
Si (a.p.f.u) 1909 1925 1773 1837 1.854 1757 1.855 1706 1.854 1761 1.875 1764 1.831 1.802 1.790 1.816 1.802 1.748 1.739 1.797 1699 1.922 1.884 1.850 1.656 1.733
Ti 0.021 0.021 0.055 0.058 0.038 0.065 0.042 0.082 0035 0075 0.026 0071 0053 0.048 0062 0.071 0071 0056 0.099 0.064 0.097 0023 0.050 0056 0.109 0.066
AllvV 0.091 0.075 0.227 0.163 0.146 0.243 0.145 0.294 0.146 0239 0.126 0.236 0.169 0.198 0.210 0.184 0.198 0.253 0.261 0.203 0.300 0.078 0.117 0.150 0.344 0.268
AlVI 0.030 0.033 0.047 0.017 0.025 0.028 0.022 0.045 0038 0.036 0.036 0.045 0.029 0.044 0022 0.043 0042 0016 0025 0.024 0028 0020 0.009 0047 0.016 0.037
Cr 0.009 0.012 0.014 0.000 0.009 0.013 0.000 0.001 0.019 0.001 0.027 0.001 0.000 0.019 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.029 0.000 0.000 0.000 0.001
Fe3+ 0.036 0.015 0.084 0.060 0.059 0.098 0.079 0.130 0.044 0.084 0.034 0.080 0.062 0.069 0.093 0.031 0.048 0.149 0.079 0.082 0.109 0.014 0.045 0.029 0.147 0.123
Fe2+ 0.111 0.124 0.138 0.155 0.128 0.138 0.181 0.136 0.125 0.154 0.123 0.158 0.159 0.126 0.152 0.188 0.179 0.107 0.220 0.145 0.143 0.132 0.195 0.184 0.139 0.132
Mn 0.001 0.001 0.004 0.006 0.004 0.004 0.003 0.005 0.003 0.003 0.003 0.004 0.004 0.002 0.002 0.006 0.006 0.004 0.013 0.004 0.004 0.002 0.009 0.007 0.005 0.005
Mg 0.865 0.875 0.731 0.772 0.808 0.724 0.786 0.711 0.820 0.720 0.846 0.713 0.777 0.766 0.736 0.739 0.723 0.774 0.654 0.747 0.674 0.872 0.783 0.756 0.643 0.703
Ca 0.902 0.891 0.900 0.903 0.905 0.906 0.843 0.814 0.894 0.896 0.882 0.898 0.889 0.899 0906 0.889 089 0.870 0.879 0.904 00912 0892 0.873 0890  0.906 0.907
Na 0.026 0.028 0.027 0.029 0024 0025 0.042 0.046 0024 0.032 0.024 0031 0.027 0.028 0028 0.032 0034 0024 0036 0.030 0032 0023 0.037 0035 0.036 0.025
Wo (%) 46.19 45.72 46.11 46.28 46.24 4641 4353 4318 4564 4590 45.05 4592 4530 46.16 46.44 4537 4588 44.02 44.88 46.40 46.93 4535 4496 4563 46.9 45.85
En 47.78 4755 46.07 4511 46.83 46.00 46.35 48.89 47.39 4523 48.08 4491 4583 46.75 4521 4354 4353 50.90 41.66 4553 44.84 47.67 4415 4372 4527 4511
Fs 6.01 6.72 7.81 8.60 6.92 7.58 1011 7.92 6.96 8.851 6.85 9.16 8.86 7.09 8.34 11.08 1057 4.97 13.45 8.06 8.21 6.96 10.88 10.64 7.831 9.03
Mg # 88.58 87.61 84.10 8328 86.32 84.03 81.28 8394 86.76 8237 87.30 8190 83.01 8584 82.88 79.71 80.13 87.86 74.82 83.74 8249 86.85 80.06 80.43 82.23 84.15

ph= phenocryst, c= core, b= rim, x= xenocryst,

m= microlite , a. p. f. u= Atome Per Formula Unit.



5.3. Amphibole

Compositions of Ca-amphibole microphenocrysts (< 0.5 mm) vary

between Mg#: 49 in some olivine basalts, very rich olivine basalts
and hawaiites (1999-2) (Table 3). Ca-amphibole is relatively rich
in Ti (0.22 Ti atoms/23 oxygen), classifying the mineral as kaer-
sutite hornblende (Fig. 4) (after Leake et al. 1997). The presence
of Ca-amphibole microphenocrysts in some very rich olivine bas-
alts indicates that the Mt Cameroon magma had a relatively high
PH20o, a feature that is also a characteristic of the Cameroon Hot
Line basaltic magmas (Ngounouno et al. 2005). The melt from
which these basalts formed was probably enriched in volatiles
during crystallization of early basalts.

€ mph, basalt
O mph, hawaiite

100
*
O
Kaersutite
50
E’ Ferro-Kaersutite *
[
*
0 N
5.5 57 5189 6.1 63 65 67 €9 71 7.3 75 7.7
Si(a.p.f.u)

Fig. 4: Compositional Variations of Amphibole Microphenocrysts from
the Mt Cameroon Volcanic Rocks in Mg# vs. Si Diagram (After Leake Et
Al. 1998).

Table 3: Representative Chemical Analyses of Microphenocryst of Amphibole from Mt Cameroon Rocks

Rock type basalt hawaiite

Sample C10R C10J 99-02 99-3 00-1
Description mph. ¢ mph. ¢ mph. ¢ mph. ¢ mph. ¢ mph. ¢ mph. ¢
SiO2 (wt. %) 48.90 45.89 48.90 48.37 49.57 45.34 50.93
TiO2 3.34 1.98 3.89 2.98 2.83 4.60 0.60
Al203 16.07 13.81 17.01 15.86 16.54 11.70 6.28
FeO* 11.31 14.23 9.86 8.43 8.64 7.82 10.96
MnO 0.21 0.23 0.22 0.18 0.14 0.23 0.33
MgO 431 7.58 2.27 6.04 4,78 6.98 15.55
CaO 10.57 6.35 11.32 13.01 10.80 16.18 11.79
Na20 241 2.95 3.42 2.87 N5 1.56 1.08
K20 2.02 2.78 2.20 1.92 2.90 1.48 0.22
Total 99.13 95.80 99.10 99.64 99.95 95.89 97.74
Si (a.p.f.u) 7.356 6.853 7.595 7.355 7.522 7.393 7.243
Ti 0.377 0.222 0.455 0.340 0.323 0.564 0.064
Al IV 0.644 1.147 0.405 0.645 0.478 0.607 0.757
Al VI 2.206 1.284 2.709 2.197 2481 1.641 0.296
Fe3+ 0.000 0.002 0.000 0.000 0.000 0.000 0.402
Fe2+ 4.237 1.775 5.730 4.758 4.922 5.682 0.901
Mn 0.027 0.029 0.029 0.023 0.018 0.032 0.040
Mg 0.967 1.688 0.527 1.368 1.081 1.697 3.297
Ca 1.704 1.016 1.884 2.119 1.755 2.827 1.796
Na 0.702 0.854 1.031 0.845 1.105 0.493 0.298
K 0.365 0.530 0.397 0.344 0.518 0.280 0.040
mg# 18.6 49.0 8.4 22.3 18.0 23.0 79.0

mph= microphenocryst, c= core.

5.4. Plagioclase

Plagioclase compositions are highly calcic (Ang—Angg), from
basalts to hawaiites (Table 4). They are rich in SrO (up to 0.67 wt.

%). Iron is present in significant aMts (Fe20s: up to 1.5 %). Plagi-
oclase phenocryts are normally zoned in basalts with bytownite

(An73-71) cores and oligoclase (Anig) rims. Labradorite (An7s-

Anss) microlites occurs in the groundmass. Basalt CLOW contains
plagioclase compositions which range from An,, to An,, with

ternary composition (An,,_,sAb,;,0r,4,), and plagioclase micro-
lites (Ang). Hawaiites contain plagioclase phenocrysts (= 40 %

vol.) whose composition range from Ans: to Ane1 and microlites
(0.5 x 0.1 mm) from Ans7to Ans7,

Table 4: Representative Chemical Analyses of Plagioclase from Mt Cameroon Rocks

Rock tvoe basalt

C5B 99-3 00-5 00-3 00-4 Cl1oW 00-6 Cc8D
Descrintion m nh.c ph.r m nh. ¢ ph.r nh.c nh.c m nh.c nh.r m m nh. ¢ m
SiO2 (wt.%) 50.87 52.85 5218 51.83 5153 55.60 4830 51.17 5286 50.69 50.87 48.84 51.11 54,71 51.56
Al203 30.54 29.12 29.62 29.76 29.75 27.80 3252 30.21 29.01 30.25 30.41 30.98 31.12 28.26 30.46
FeO 0.87 0.67 0.76 0.80 0.74 0.70 0.63 0.72 0.80 0.80 0.81 1.18 1.04 0.69 0.89
Cao 13.50 12.17 1273 13.06 13.12 9.84 1597 1338 1236 14.84 14.01 1438 3.17 10.84 13.46
Na20 3.52 4.18 3.88 3.73 3.58 5.18 2.14 351 4.02 3.12 3.44 3.34 0.19 4.67 3.49
K20 0.25 0.30 0.24 0.30 0.29 0.62 0.01 0.23 0.35 0.16 0.22 0.25 13.94 0.41 0.36
SrO 0.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.48 0.37 0.12 0.00 0.27
BaO 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.11 0.25 0.00 0.00 0.17
Total 100.33 99.29 99.41 99.48 99.01 99.74 9957 99.22 9940 100.14 100.35 99.59 100.69 99.58 100.66
Si (a.n.f.u) 2.32 242 2.39 2.37 2.37 2.53 2.22 2.35 242 2.30 2.34 2.28 2.39 2.49 2.34
Al 1.64 157 1.60 1.61 1.61 1.45 1.76 1.64 1.56 1.67 1.62 1.67 1.72 151 1.63
Fe3+ 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.05 0.04 0.00 0.02
Fe2+ 0.00 0.03 0.03 0.00 0.03 0.03 0.02 0.03 0.03 0.00 0.02 0.00 0.00 0.03 0.02
Ca 0.66 0.60 0.62 0.64 0.70 0.48 0.79 0.66 0.61 0.72 0.68 0.70 0.16 0.53 0.66
Na 0.31 0.37 0.35 0.33 0.32 0.45 0.19 0.31 0.36 0.28 0.30 0.30 0.02 0.41 0.31
K 0.02 0.02 0.01 0.02 0.02 0.04 0.00 0.01 0.02 0.01 0.01 0.03 0.82 0.02 0.02
Sr 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.01

Copyright © 2018 Fadimatou Ngounouno Yamgouot et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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An (%) 66.90 60.50 6350 64.70 66.70 50.60 80.40 67.70 62.70 71.70 68.00 69.20 15.80 55.90 66.50
Ab 32.00 37.70 3510 3350 3160 4580 1960 31.00 3530 28.00 30.60 30.30 2.00 41,70 3150
Or 1.10 1.80 1.40 1.80 1.70 3.60 0.00 1.30 2.00 0.30 1.40 0,50 82.20 2.40 3.00
ph = phenocryst, ¢ = core, r = rim, m = microlite.

Rock tvne hawaiite

Sample Ciw 99-2 00-1 C10F Cc8C

Descrintion nhc nh h m nh.c nph.h nphe¢ m nh. ¢ nh_h m nh.c nh. b m
SiO2 (% wt.) 48.23 49.55 52,70 5450 5342 48.81 53.98 48.87 52.94 52.55 47.40 49.22 53.56
Al203 33.39 32.72 29.90 28.19 28.82 31.64 28.00 33.09 29.86 29.61 33.52 32.59 29.00
FeO 0.62 0.86 0.82 071 072 066 0.69 0.64 0.83 1.18 0.39 0.73 0.92
CaOo 15.63 14.60 1284 1118 11.77 1529 11.00 15.01 12.67 12.17 16.28 15.31 12.03
Na20 1.99 2.50 4.04 489 442 261 499 2.50 4.27 4.38 1.98 2.52 4.22
K20 0.07 0.17 0.23 040 033 012 044 0.10 0.30 0.48 0.12 0.13 0.36
SrO 0.37 0.48 0.29 0.00 0.00 0.00 0.00 0.30 0.28 0.33 0.25 0.42 0.28
BaO 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.31 0.00 0.08
Total 100. 100.88 100.82 99.87 99.48 99.13 99.10 100.51 101.15 100.87 100.25 100.92 100.45
Si (a.n.f.u) 2.20 2.25 2.38 247 244 225 246 2.23 2.38 2.38 2.18 2.24 243
Al 1.80 1.75 159 151 155 172 151 1.78 1.58 1.58 1.81 LTS 155
Fe3+ 0.00 0.00 0.02 001 0.00 0.00 0.03 0.00 0.03 0.00 0.02 0.01 0.00
Fe2+ 0.02 0.03 0.02 0.02 0.03 0.02 0.00 0.02 0.00 0.00 0.00 0.02 0.04
Ca 0.77 0.71 0.62 054 058 076 054 0.73 0.61 0.59 0.80 0.75 0.58
Na 0.18 0.22 0.36 043 039 023 044 0.22 0.37 0.39 0.18 0.22 0.37

K 0.00 0.01 0.01 0.02 0.02 0.01 0.03 0.01 0.02 0.03 0.01 0.01 0.02
Sr 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
Ba 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
An (%) 80.20 76.50 62.80 5450 58.30 75.50 53.50 76.30 61.00 58.80 81.30 76.00 71.70
Ab 19.00 23.50 36.20 43.20 39.70 24.50 44.00 23.70 38.00 39.20 18.60 24.00 28.30
Or 0.90 0.00 1.00 230 190 0.00 260 0.00 1.00 2.00 0.00 0.00 0.00

ph = phenocryst, ¢ = core, r = rim, m = microlite.

5.5. Fe-Ti oxides

A Fe—Ti oxide occurs throughout the Mt Cameroon volcanic rocks
and representative analyses are presented in (Table 5). In basalts,
titanomagnetite (46 < Usp % < 57) occurs as subhedral crystals
(0.5 to 1.0 mm) enclosed in olivine or Ti-diopside phenocrysts. In
basalt, ilmenite lamellae are associated with titanomagnetite phe-
nocrysts. Equilibrium temperatures and oxygen fugacities of coex-
isting magnetite and ilmenite were calculated following Spencer
and Lindsley (1981) and Stormer (1973) with uncertainties of
40-80°C for temperatures and 0.5-1.0 x 101° atm for fO2. They
are around 1300°C (+ 20 °C) and 10 (+ 0.5 x 10'%%) atmos-

pheres. In other basalts, magnetite phenocrysts are rich in Ti (17.6
% TiO,), Mg (up to 8 % MgO), Al (9.3 < Al,O,< 14.6 %) and Cr
(5.1 < Cr,04< 15.0 %). Such Ti-Al-Cr-rich magnetites have al-
ready been observed in alkali basalts from Mururoa where their
origin has been interpreted as a result of an exchange process be-
tween Cr-spinel and host-magmas (Maury et al. 1992).

Table 5: Representative Chemical Analyses of Fe-Ti Oxides from Mt Cameroon Rocks

basalt hawaiite
Rock type Sample Description Cl10F C5B C8B CoP Cilw Cs8C 00-1

ph.c ph.c m ph.c m ph.c_ ph.c ph.c _ph.c  ph.c ph.c m ph. c
TiO, (wt. %) 17.01 17.60 1631 531 1573 26.02 50.17 2586 5112 17.05 16.39 17.63 23.11
AlLO; 518 146 539 649 1460 206 038 193 029 503 533 571 266
Cr,0; 0.02 1425 0.07 028 835 0.98  0.06 091 011 005 009 011 0.00
FeO* 69.18 57.70 69.20 6855 67.91 63.21 43.88 62.09 4123 6948 6836 67.89 66.71
MnO 054 064 052 039 035 045  0.50 057 063 050 045 068 1.01
MgO 633 473 645 552 870 3.63  5.03 318 529 623 638 492 435
ZnO 015 0.04 001 015 0.09 0.00 0.00 000 000 070 000 000 0.00
Total 9841 9735 9795 9711 10531 96.35 100.02 9454 98.67 99.04 97.00 96.94 97.84
Ti (a.p.f.u) 0213 0.146 0.204 0.197 0.061 0.326 0.628 0.324 0640 0213 0205 0.221 0.289
Al 0.102 0.164 0.106 0.127 0.286 0.040 0.008 0.038 0.006 0.099 0.105 0.112 0.052
Cr 0.000 0.188 0.001 0.004 0.103 0.013 0.001 0.012 0.001 0.001 0.001 0.001 0.000
Fe® 0435 0.309 0447 0427 0.558 0.199 0.108 0.186 0.074 0.441 0436 0.386 0.298
Fe?" 0529 0.496 0518 0.529 0.389 0.683 0.497 0.680 0501 0528 0517 0561 0.633
Mn 0.007 0.009 0.007 0.006 0.005 0.006 0.007 0.008 0.009 0.007 0.006 0.010 0.014
Mg 0.157 0.117 0.160 0.137 0.216 0.090 0.125 0.079 0131 0.155 0.158 0.122 0.108
Zn 0.002 0.001 0.000 0.002 0.001 0.000 0.000 0.000 0.000 0.009 0.000 0.000 0.000
X'Usp (%) 479 616 461 487 206 78.4 - 79.6 - 473 470 545 657
X'llm - - - - - - 91.2 - 93.9 - - - -

ph= phenocryst; c= core;b= rime; x= xenocryst, m= microlite ; a.p.f.u= Atome Per Formula Unit.

5.6. Xenocrysts

The mantle assemblage is composed of forsteritic olivine, chrome-
spinel and chrome-diopside. This assemblage had not been found
complete in many single types of lava; however, the constituent
minerals occur in various basalts and hawaiites. In other lava
flows (C8C, C9U), the assemblage is well represented by xeno-
liths (Ngounouno et al. 2005). Corroded forsteritic olivine (Fo88)
with an abundance of pale-brown picotite inclusions may be the
distinctive characteristic of the mantle assemblage. The resorbed

forteritic olivine is associated with xenocrysts of chrome-spinel
and chrome-diopside.

Olivine xenocryst occurs in hawaiite C1W; they are easily distin-
guished from phenocrysts by their rounded shape and their nu-
merous cracks. They have higher Mg# (Fog,) and Ni contents and

lower Mn and Ca contents than phenocrysts (Table 1). Similar
high Ni-Mg olivine xenocrysts were reported from alkali basalts
from the Kapsiki Plateau (Ngounouno et al. 2000) and the Upper
Benue valley (Ngounouno et al. 2003). The Ni-Mg rich olivine
described here could thus be considered as a cognate near liquidus
phase of basaltic liquids more primitive than their present-day host
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hawaiite. Their crystallization temperature (1400 + 70 °C, esti- @ xenocrystand inclusion of spinel from Mount Cameroon
mate as for phenocrysts, see above) and pressure (0.7 GPa, esti- @ xenocrystofspinel from Kapsiki plateau
mate after Presnall et al. 1978) correspond to those occurring at 80 chromite picochromite
the discontinuity between the lower crust and the upper mantle (= 70
30 km) “\ spinel of mantle xenolith from CH
Cr-spinel has been observed in Mg rich basalts (C10R) and basalts 60 - ¢ s of R
(00-5), where it occurs as scarce small xenocysts (0.3 to 0.5 mm) 50+ ) | e
scattered in the groundmass and as inclusions (< 0.2 mm) in oli- 3 R

. e .. . = 40+
vine phenocrysts. Its composition is intermediate between those of J ;o

chromite and magnesio-chromite (Fig. 5, Table 6). Inclusions in 30+ ;! ®

olivine range in cr# (Cr# = [Cr/(Cr + Al)] from 15 to 44 and in 20+ i i
Mg# = [Mg/(Mg + Fe?")] from 17 to 27; the Ti-content varies 1ol ®/
between 8.2 and 20.7 wt % TiO,. In contrast the composition of
the xenocrysts ranges from Cr# 61-68 and Mg# 48—54 and Ti- 0 0 5 :10 160 = 100
contents are ~ 2.5 wt % TiO,. The relatively high Cr# in inclu- 0 =
sions is related to the low Al contents (3.8—9.7 wt % Al,O3). In Fi. 5 C tional Variati ‘s Mgl?( s and Inclusion f
fact, inclusions have lower contents of Cr (0.98-9.7 wt % Cr,0O;) thleg. - >+ ~OMPOSILioNal Variations of Spinet Aenocrysts and fncluston from
than xenocrysts (38.0-43.5 wt. % Cr,05).

Table 6: Representative Chemical Analyses of Xenocryst and Inclusion of Spinel from Mt Cameroon Rocks
Lava type basalt
Sample C10R 00-5
Description ph.c ph.c ph. c ph. c ph.c ph.c ph.c ph.c incl incl incl
TiO;, (Wt.%) 2.55 2.53 2.69 2.40 257 2.60 242 2.32 8.24 11.00 20.67
Al,O; 14.60 14.46 13.26 13.97 14.38 14.35 16.66 16.45 9.74 8.42 3.75
Cr,03 4153 42.04 4177 43.47 41.45 41.28 37.57 38.02 28.40 9.69 0.98
FeO 28.87 28.72 31.02 24.49 30.67 30.85 33.16 33.29 47.50 59.40 64.21
MnO 0.28 0.23 0.19 0.21 0.22 0.25 0.29 0.30 0.50 0.36 0.75
MgO 12.14 12.04 11.33 11.70 11.83 11.82 10.65 10.15 5.49 6.63 4.75
NiO 0.17 0.13 0.12 0.18 0.12 0.15 0.22 0.18 0.00 0.10 0.04
Total 100.14 100.15 100.38 96.42 101.24  101.29  100.97 100.71 99.87 95.60 95.15
Ti (a.p.f.u) 0.482 0.479 0.513 0.456 0.487 0.493 0.455 0.431 1.682 2.314 4.540
Al 4.328 4.292 3.965 4.157 4271 4.261 4911 4.877 3.114 2.776 1.291
Cr 8.259 8.372 8.378 8.677 8.260 8.223 7.626 7.562 6.092 2.143 0.226
Fe®* 2.447 2.377 2.630 2.255 2.495 2.529 2.553 2.682 3431 6.453 5.403
Fe?* 3.836 3.883 4.163 3.971 3.970 3.971 4.382 4532 7.346 7.442 0.277
Mn 0.060 0.049 0.041 0.045 0.046 0.053 0.061 0.064 0.115 0.085 0.186
Mg 4.553 4521 4.285 4.404 4.446 4.440 3.967 3.807 2221 2.765 2.068
Ni 0.034 0.016 0.002 0.037 0.024 0.030 0.04426 0.0364 0.000 0.000 0.009
cr* 65.6 66.1 67.9 67.6 65.9 65.9 60.5 60.8 66.2 43.6 14.9
mg* 54.3 53.8 50.7 52.6 52.8 52.8 47.5 45.7 23.2 27.1 16.8

ph= phenocryst; c= core; incl= inclusion.

Mt Cameroon volcanic rock in Cr# vs Mg# diagram. Data of
xenolith are from Lee et al. (1994); Ngounouno et al. (2001);
Temdjim et al. (2005).

Rounded and fracturated Cr-diopside xenocrysts are present in
some basalts. They have a fairly restricted composition range (see
Fig. 3), with low Al high Mg# (0.85-0.92) and Cr contents (up to
0.92 wt. %), high AIV/AI'Y (expressed mainly as the Ca-
Tschermak molecule), and moderate Na2O contents (0.20 to 0.69
wt. %) expressed as the jadeite molecule.

6. Whole-rock geochemistry

6.1. Major and trace elements variation

Major and trace elements compositions of representative samples
of the Mt Cameroon lavas series are presented in Table 7. All the
rocks are nepheline-normative (1.9 % to 17.1 %) alkaline basaltic

rocks. SiO2 contents range from 43 wt % to 47 wt % which indi-
cated a low degree of crystallization of the Mt Cameroon volcanic
series. Mg-rich basalts have primitive characteristics (MgO:
12.9—15.0 wt %, Cr: 360-205 ppm, Cr: 650-1300 ppm) and all
the other lavas are slightly evolved. Their primitive nature is con-
firmed by the relatively low D.I. (10.8—24.0).

Throughout the entire series, TiO2 concentrations vary from less
than 1.5 wt % to almost 4 wt %. The low TiO2 abundances are in
rocks dominated by plagioclase, olivine, and Ca-rich pyroxene,
while those with high abundances are enriched in kaersutite, Ti-
rich spinel, Ti-magnetite and ilmenite. The hawaiites have high
potassium abundances (1.6-1.8 wt %).

Ni and Cr contents are significantly high in Mg-rich basalts (sam-
ple C10J contains Ni up to 279 ppm and Cr up to 1304 ppm), at-
testing to the primitive nature of this lava. The CaO/Al2Os ratio is
low (0.6-1.8) and decreases with decreasing MgO.

Table 7: Major and Trace Elements for Mt Cameroon Rocks

Lava type basalte
00-5 00-6  99-03

Sample C10J C5M C9U CBA (C5B1922 C8B1868 C8H C8P C8Q Cl1C C5P (C9T2 Cl10D C8D C5S C5H C5U CI10R 2000 C5N C9P 2000 1999 C8F
SiO2(% wt) 45.00 4524 4320 45.00 42.96 44.87 4438 4491 4456 4492 4336 4441 4590 4319 43.08 4337 46.16 4579 44.69 46.20 47.11 4555 4544 4488
TiO2 2.27 2.49 2.83 269 3.04 2.74 277 284 290 288 2.95 3.85 3.46 3.49 341 325 289 273 3.09 236 3.05 3.09 3.06 2.87
Al03 8.43 11.53 9.87 12.24 12.00 12.68 13.09 1271 12.68 1321 1343 1340 1422 1472 1543 1436 1520 1501 1496 1406 1480 1547 1565 1547
Fe203 11.07 12.78 1379 12.74 13.48 12.82 1322 1286 12.92 13.09 1317 1343 1277 1346 1339 1324 1222 1204 1253 1208 11.65 1241 1258 11.90
MnO 0.18 0.17 0.17 018 0.20 0.18 0.18 018 019 0.19 0.18 0.17 0.17 0.20 020 020 019 019 019 018 0.15 0.19 0.19 0.19
MgO 14.46 13.95 1292 10.79 10.71 10.04 9.91 939 935 9.30 8.89 7.55 7.19 6.85 6.34 748 7.04 7.17 7.04  6.99 6.81 6.72 6.49 6.29
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Ca0 1457 1060 14.07 1279 11.72 12.60 13.04 1319 1296 1161 1249 1193 1075 1207 11.80 1135 1112 1146 11.07 11.19 1055 10.89 10.56 10.85
Na;0 126 220 135 248 321 2.65 243 272 228 291 227 312 262 373 289 391 386 328 381 410 307 400 406 386
K0 059 079 037 085 134 0.89 0.88 1.02 107 106 080 133 109 163 100 158 126 130 146 132 130 159 159 176
P20s 032 042 041 046 074 0.47 042 049 048 052 053 067 055 081 071 081 054 045 055 049 052 062 061 070
LO.l 187  -0.34 071 -056 -0.34 -0.48 036 -051 000 000 092 003 105 -040 140 003 -050 -026 -047 -013 071 -055 -0.19 073
Total 10002 99.83 99.69 99.66 99.06 99.46 99.96 99.80 99.39 99.69 9899 99.89 99.77 99.75 99.65 99.58 99.98 99.16 9892 98.84 99.72 99.98 100.04 99.50
Be (ppm) tr 097 092 092 172 0.96 095 095 072 119 120 154 128 207 150 157 177 163 178 262 147 181 229 195
Rb 143 179 66 192 320 215 20.8 224 244 253 196 332 248 399 247 418 358 306 354 462 330 359 37 46.8
Sr 473 583 561 686 926 720 737 671 715 752 833 861 710 1167 1064 1143 1062 860 981 1174 776 998 1019 1055
Cs 027 024 007 021 034 0.19 029 025 037 033 025 035 014 054 035 041 036 037 041 064 021 046 066 063
Ba 205 275 236 258 392 259 276 290 310 331 336 440 361 545 449 492 450 372 433 604 383 453 475 556
\% 235 241 304 281 249 287 316 281 325 291 292 295 274 332 299 261 283 266 293 245 298 286 260 263
cr 1304 952 642 572 491 566 453 388 518 406 307 270 286 173 941 160 206 262 218 153 272 181 141 189
Co 57 60 61 51 46 52 53 44 50 49 46 44 42 43 37 37 41 43 44 39 37 4 39 37
Ni 279 367 268 216 181 205 204 130 158 185 132 120 122 90 60 92 102 98 92 9 93 79 82 77
Cu 55 82 94 97 57 104 153 88 117 101 98 9% 124 120 60 58 9% 75 82 88 37 74 81 81
Zn 88 100 102 94 97 101 106 93 102 110 97 126 109 126 111 106 110 122 125 108 116 123 130 118
Ga 140 178 171 189 195 20.7 200 176 200 210 196 230 234 245 224 230 245 217 236 233 247 238 2390 230
Ge 162 113 127 122 112 1.18 126 110 121 121 124 119 106 120 116 106 122 134 143 117 117 128 098 124
As 0.00 049 040 069 099 0.76 0.64 074 072 076 085 091 081 137 09 114 114 108 117 174 052 118 103 134
cd tr 016 tr 0.01 0.03 0.12 tr tr tr 883 009 012 tr 0.08 013 tr 014 tr tr 014 tr tr 050 tr
In 008 011 015 006 006 0.06 0.05 006 006 010 006 016 012 008 007 006 006 011 010 007 015 010 010 013
sn 137 151 152 152 163 1.59 148 147 139 192 167 216 214 256 188 184 200 201 208 210 214 209 224 205
Sh tr 0.07 002 003 tr 0.01 tr 001 000 018 001 005 tr 026 007 tr 0.09 tr tr 019 005 tr 013 015
Y 183 201 209 221 261 24.0 225 208 240 258 239 270 488 317 286 296 311 259 292 324 302 303 314 285
zr 183 202 208 223 313 241 227 226 241 266 254 300 302 357 295 372 360 307 324 449 314 343 357 354
Nb 300 426 423 493 805 54.1 534 544 615 644 645 687 597 1022 782 1000 884 742 826 1162 585 869 879  100.2
Mo 139 088 110 169 234 1.83 165 187 157 229 168 208 157 356 195 271 259 356 401 399 196 409 371 310
Hf 445 451 507 496 7.00 5.32 533 498 576 571 579 688 713 793 679 847 805 6.66 727 983 748 741 745 7.72
Ta 288 306 298 360 557 3.79 375 389 440 443 466 483 431 743 575 682 638 544 601 847 438 627 627 710
w tr 024 028 059 078 0.61 051 067 066 08 069 055 046 132 096 063 094 100 119 127 057 122 125 110
Pb 195 244 170 204 286 2.16 196 205 330 217 273 348 227 369 311 398 405 365 38 58 578 38 419  4.08
Bi tr tr tr tr tr tr tr tr tr 0.06 tr 0.02 tr 0.07 tr tr tr 0.06 tr tr 0.00 tr 0.02 0.00
Th 326 339 336 357 647 3.90 394 411 464 471 533 557 422 916 637 876 801 670 772 1193 716 7.89 898 833
u 0.88 092 063 106 162 1.10 100 120 124 136 146 140 088 251 165 216 213 185 197 336 132 204 202 215
La 327 333 368 392 69.7 0.4 436 430 501 513 532 559 610 860 649 882 740 614 696 965 504 721 759 789
Ce 70 70 76 85 137 94 92 94 103 108 113 116 105 160 133 168 146 123 139 183 106 143 153 156
Pr 8.7 85 92 104 153 10.6 105 108 129 123 128 137 167 194 155 181 165 144 161 205 130 167 177 164
Nd 351 326 364 422 615 438 436 427 488 481 526 544 751 684 633 743 664 533 607 732 516 618 690 667
Sm 6.8 68 73 76 106 7.9 80 7.8 85 92 88 108 145 132 105 124 116 96 110 131 102 109 115 117
Eu 210 240 246 261 3.03 2.63 245 242 250 266 280 322 439 376 336 337 366 297 328 406 312 343 337 334
Gd 551 611 616 7.01 801 7.28 6.92 671 732 759 783 873 1274 938 940 899 938 755 870 964 829 895 938 810
Th 076 079 084 089 1.07 0.95 0.89 085 098 105 100 116 184 124 119 124 120 131 119 130 122 120 128 117
Dy 397 428 448 483 554 459 456 407 491 572 483 615 910 678 599 646 637 546 639 713 646 640 625 643
Ho 066 088 08 089 102 0.94 091 088 092 09 096 110 165 125 117 107 127 09 106 136 123 109 115 113
Er 166 182 194 220 234 2.32 201 1.85 241 227 238 240 378 278 299 269 292 246 271 301 279 276 278 254
Tm 023 021 024 028 032 0.27 028 023 030 032 031 027 049 035 037 038 040 034 037 037 040 039 038 036
Yb 137 154 152 162 189 1.70 175 151 165 190 174 178 280 256 212 215 246 209 237 28 232 242 216 240
Lu 019 023 021 025 025 0.24 026 024 024 028 028 024 040 035 030 025 036 030 033 039 024 034 034 034

Lava type basalt

Sample C5H C5U CI10R 00-5(2000) C5N C9P  00-6 (2000) 99-03(1999) C8F C8K Cl1iD C10Q C10W(1982)

SiO; (%owt.) 43.37 46.16 45.79 44.69 46.20 47.11 4555 45.44 4488 46.66 4423 4476 44.33

TiO, 325 289 273 3.09 236 3.05 3.09 3.06 287 293 344 2,94 3.44

Al,O3 1436 1520 15.01 14.96 14.06 14.80 15.47 15.65 1547 1525 1558 15.85 15.64

Fe,03 13.24 1222 12.04 12.53 12.08 11.65 1241 12.58 1190 1198 1339 12.04 13.47

MnO 020 019 019 0.29 0.18 0.15 0.19 0.19 019 020 0.19 0.20 0.19

MgO 748 7.04 717 7.04 6.99 681 6.72 6.49 6.29 6.28 5098 5.93 5.90

CaO 11.35 11.12 11.46 11.07 11.19 10.55 10.89 10.56 10.85 10.87 1155 10.94 1150

Na,O 391 386 328 381 410 3.07 4.00 4.06 386 395 3.83 3.77 3.90

K,0O 158 126 1.30 1.46 132 130 159 1.59 176 145 137 157 1.37

P,0Os 081 054 045 055 049 052 062 0.61 0.70 0.60 0.66 0.69 0.65

LOI 0.03 -050 -0.26 -0.47 -0.13 0.71  -0.55 -0.19 073 -0.36 -0.61 0.90 -0.70

Total 99.58 99.98 99.16 98.92 98.84 99.72 99.98 100.04 99.50 99.81 99.61 99.59 99.69

Be (ppm) 157 177 163 1.78 262 147 181 2.29 195 133 1.68 1.84 1.39

Rb 418 358 306 354 46.2 330 359 37 46.8 313 353 35.6 33.0

Sr 1143 1062 860 981 1174 776 998 1019 1055 820 1029 977 1004

Cs 041 036 037 041 064 021 046 0.66 0.63 0.70 0.65 0.36 0.30

Ba 492 450 372 433 604 383 453 475 556 381 450 480 441

\Y% 261 283 266 293 245 298 286 260 263 238 329 250 312

Cr 160 206 262 218 153 272 181 141 189 203 73 126 83

Co 37 41 43 44 39 37 41 39 37 33 41 33 39

Ni 92 102 98 92 94 93 79 82 7 62 63 55 60

Cu 58 96 75 82 88 37 74 81 81 52 107 70 105

Zn 106 110 122 125 108 116 123 130 118 107 115 113 128

Ga 23.0 245 217 23.6 233 247 238 23.90 23.0 215 250 22.0 24.7

Ge 106 122 134 143 117 117 1.28 0.98 124 116 112 0.92 1.09

As 114 114 1.08 1.17 174 052 1.18 1.03 134 091 1.16 1.23 157

Cd tr 014 tr tr 0.14 tr tr 0.50 tr 0.01 484 tr tr

In 006 006 011 0.10 007 015 0.10 0.10 0.13 0.07 0.08 0.13 0.06

Sn 184 200 201 2.08 210 214 209 2.24 205 187 226 2.30 2.01

Sh tr 0.09 tr tr 0.19 005 tr 0.13 015 0.03 0.11 0.16 0.01

Y 296 311 259 29.2 324 302 303 314 285 27.0 312 27.8 304

zr 372 360 307 324 449 314 343 357 354 292 336 333 326

Nb 100.0 884 742 826 116.2 585 86.9 87.9 100.2 733 825 93.2 78.9

Mo 271 259 356 4.01 399 196 4.09 3.71 310 242 291 2.84 2.81

Hf 847 805 6.66 7.27 983 748 741 7.45 772 639 729 7.30 7.74
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Ta 6.82 6.38 544 6.01 847 438 6.27 6.27 710 513 565 6.79 6.02

W 0.63 094 1.00 1.19 127 057 122 1.25 110 085 1.06 0.99 1.08

Pb 398 405 3.65 3.86 586 578 3.86 4.19 408 263 3.04 3.97 3.42

Bi tr tr 0.06 tr tr 0.00 tr 0.02 0.00 tr 0.04 0.05 tr

Th 8.76 801 6.70 7.72 1193 7.16 7.89 8.98 833 554 6.59 7.65 7.00

U 216 213 185 1.97 336 132 204 2.02 215 143 170 2.00 1.85

La 882 740 614 69.6 965 504 721 75.9 789 57.2 69.8 71.8 68.5

Ce 168 146 123 139 183 106 143 153 156 119 143 140 142

Pr 181 165 144 16.1 205 13.0 16.7 17.7 164 131 16.0 15.8 15.8

Nd 743 66.4 533 60.7 732 516 61.8 69.0 66.7 527 624 58.5 62.1

Sm 124 116 96 11.0 131 102 109 115 11.7 102 120 10.5 11.3

Eu 337 366 297 3.28 406 312 343 3.37 334 296 342 3.24 3.69

Gd 899 938 755 8.70 9.64 829 895 9.38 8.10 817 881 7.92 9.38

Th 124 120 131 1.19 130 122 1.20 1.28 117 107 122 1.04 1.28

Dy 6.46 6.37 546 6.39 713 646 6.40 6.25 643 585 6.92 5.77 6.62

Ho 1.07 127 0.96 1.06 136 123 1.09 1.15 113 104 117 1.08 1.28

Er 269 292 246 271 301 279 276 2.78 254 239 274 2.40 291

Tm 038 040 034 0.37 037 040 0.39 0.38 036 033 041 0.33 0.40

Yb 215 246  2.09 2.37 282 232 242 2.16 240 209 229 2.35 251

Lu 025 036 0.30 0.33 039 024 034 0.34 034 028 0.36 0.33 0.37
Rock type Hawaiite
Sample C9R CIW(1959) CBE (C8C(1959) C10F(1909) C10B 9903(1999) 9901(1999) C9T C9Q Ci1B(1954) 001(2000) C9S COW1 C9Y C9w2
SiO2 (Yo wt.) 46.45 45.62 48.16 45.41 46.39 46.29 47.13 47.3 47.36 47.96 47.45 48.01 47.74 49.01 49.34 49.79
TiO2 3.08 314 235 313 3.13 3.62 297 3 344 277 295 2.94 355 2.69 275 271
Al203 15.60 16.10 16.42 16.09 16.78 15,57 17.23 17.4 16.39 17.29 17.61 17.64 17.00 17.26 17.18 17.33
Fe203* 11.89 11.69 10.16 11.67 11.45 12.83 11.02 11.08 12.20 10.49 1041 10.33 11.70 10.47 10.66 10.62
MnO 0.18 0.19 0.17 0.20 0.19 0.18 0.2 0.2 0.19 019 0.20 0.20 0.15 0.15 0.14 0.15
MgO 6.00 5.63 5.79 5.47 5.04 5.02 4.66 4.6 441 426 4.23 4.21 414 4.04 381 3385
Ca0 10.36 10.33 9.62 10.22 9.81 10.26 9.43 9.48 9.69 889 888 8.71 9.77 877 8.85 894
Na20 394 464 430 4.56 4.83 3.64 495 4,99 408 436 5.35 5.23 3.73 3.98 414 417
K20 166 1.77 179 175 1.82 160 202 2.05 159 193 2.06 2.16 155 1.76 1.77 1.80
P20s 0.68 0.81 0.63 0.80 0.85 0.66 0.76 0.74 0.64 0.78 0.88 0.86 0.59 0.58 0.58 0.58
L.O.1 -0.26  -0.30 0.16 -0.30 -0.53 0.00 -0.32 -0.38 -0.10 0.72 -0.26 -0.28 -0.16 0.94 -0.23  -0.22
Total 99.58 99.62 99.55 99.00 99.76 99.67 100.05 100.46 99.89 99.64 99.76 100.01 99.76 99.65 98.99 99.72
Be (ppm) 155 1.70 222 187 2.09 142 217 1.83 168 181 195 2.54 1.71 176 1.74 193
Rb 415 423 51.1 437 455 327 50 48 355 494 481 48.5 371 535 50.2 57.6
Sr 991 1085 1007 1170 1095 976 1195 1137 890 1148 1155 1181 980 837 832 861
Cs 041 041 0.79 0.40 0.37 0.34 097 0.74 043 043 0.52 0.60 0.28 0.33 0.34 0.62
Ba 503 501 555 531 527 431 606 569 485 596 569 591 465 463 462 511
\Y% 262 257 200 258 240 307 231 206 279 214 204 198 274 231 227 234
Cr 165 92 188 82 65 38 42 45 13 36 33 22 28 42 42 39
Co 34 32 31 33 29 34 32 29 29 25 22 24 28 25 24 25
Ni 7 54 81 53 38 25 35 27 16 29 18 15 34 25 24 26
Cu 66 64 58 67 54 33 59 52 21 43 32 30 23 28 26 27
Zn 111 117 103 111 120 124 137 128 122 116 109 125 118 119 103 118
Ga 230 244 236 25.0 25.5 246  25.18 23.29 244 247 241 24.9 36.2 26.2 26.1 26.6
Ge 1.06 1.20 129 112 1.19 111 1.03 0.86 110 112 111 1.29 1.03 110 1.05 115
As 115 154 181 1.36 1.10 1.09 1.36 1.26 112 105 146 1.40 1.15 1.70 0.84 0.77
Cd tr 0.15 0.17 0.03 tr tr 0.29 0.33 tr tr 0.18 tr 0.05 tr tr tr
In 0.15 0.06 0.05 0.08 0.17 0.14 0.0 0.12 0.14 0.06 0.05 0.09 0.17 0.18 0.07 0.05
Sn 219 181 202 217 1.62 221 219 2.04 237 199 172 2.32 237 2.46 239 246
Sb 0.16 tr 0.09 0.09 0.14 0.04 0.19 0.14 0.07 0.09 tr tr 0.08 0.19 0.06 0.06
Y 30.3 323 326 338 341 325 349 33.7 352 352 347 8515 315 340 329 332
zr 362 369 409 385 397 367 366 329 355 383 407 431 362 355 357 374
Nb 941 9438 109.0 101.7 98.8 824 112.2 106.5 780 1153 107.7 121.5 769 721 69.3 724
Mo 3.08 354 421 355 3.90 294 461 4.16 263 270 398 5.33 224 2380 227 214
Hf 8.07 7.64 922 818 8.23 8.23 7.50 6.61 8.73 843 7.74 8.70 8.36 8.07 8.17 8.74
Ta 7.02 6.77 797 7.37 7.09 6.06 7.55 7.64 6.05 838 751 8.08 588 5.12 495 528
W 1.08 1.26 158 141 1.28 082 144 1.61 0.76 129 143 1.58 0.83 0.70 1.02 0.87
Pb 413 3.76 480 4.43 1.80 493 488 4.86 9.43 485 355 4.58 501 6.85 6.19 6.54
Bi 001 tr tr tr 0.01 tr 0.04 0.01 tr tr tr tr 0.01 0.01 tr tr
Th 8.53 7.82 10.79 8.54 7.83 749 1191 11.10 763 9.94 891 10.09 752 877 8.85 9.62
U 227 215 270 235 2.19 189 2.64 2.46 201 243 250 275 1.85 2.18 1.97 2.20
La 76.6 783 91.1 819 80.3 66.3 93.3 90.5 654 937 852 915 63.3 65.2 654  68.0
Ce 154 155 167 168 169 138 183 178 132 190 169 182 134 140 135 138
Pr 18.1 17.8 188 195 19.0 158 20.8 20.4 156 221 188 21.2 16.1 16.0 1583 15.4
Nd 66.0 711 68.8 75.3 73.1 67.6 80.1 79.0 60.1 79.2 741 T77.7 61.1 65.6 63.2 64.6
Sm 121 117 116 125 12.6 125 137 13.6 13.0 124 127 131 11.3 11.3 11.6 12.1
Eu 3.69 3.48 3.29 3.96 3.81 338 384 3.83 382 376 384 4.02 3.65 3.30 3.16 3.39
Gd 9.96 9.69 892 11.18 10.74 9.10 10.79 10.57 9.53 1126 9.73 10.43 9.67 9.52 8.55 8.96
Th 129 1.28 121 134 1.45 128 1.38 1.40 136 145 134 141 1.26 1.28 1.26 1.33
Dy 6.81 6.64 6.11 6.90 7.01 6.74  6.50 7.01 8.09 698 7.05 7.48 6.87 6.51 6.34  7.08
Ho 131 1.26 123 1.38 1.34 118 1.32 1.30 146 142 130 1.28 1.35 131 1.19 1.28
Er 291 312 301 335 3.09 3.08 3.06 3.10 340 361 310 332 3.25 342 314 3.05
™ 0.38 0.38 042 041 0.46 043 041 0.45 046 045 042 045 0.39 0.47 0.41 0.45
Yb 241 244 2.63 245 2.45 257 252 2.46 315 244 260 283 2.42 2.64 2.63 2.81
Lu 032 0.35 0.38 0.38 0.38 0.35 0.36 0.37 045 038 038 041 0.39 039 038 0.36

The K/Ba ratios (14—34) are low and show larger variations as the
K/Rb (355—495) ratios. Strontium varies from 1195 ppm in the
hawaiites to less than 600 ppm in several Mg-rich basalt samples,
with a majority of the values in the ranges 800 to 1000 ppm. Ba
contents, low in basalts (259—392 ppm) are slightly higher in ha-

waiites (441—606 ppm). Th/Ba, Th/Rb and Th/U ratios in Mg-rich
basalts are almost constant (0.014—0.020, 0.18—0.51 and
3.55-3.72 respectively). These ratios are rather similar and coin-
cide with values reported for Pagalu in the oceanic section of the
Cameroon Line (Lee et al. 1994), with typical HIMU oceanic
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island basalts (e.g., Tubuaii in the Pacific Ocean, Chauvel et al.
1992) and with average values reported for HIMU basalts: Th/Ba
=0.013-0.020, Th/Rb = 0.20-0.29, Th/U = 2.65-3.61 (Weaver et
al. 1991; Sun and McDonough, 1989).

The REE distributions of the basalts and hawaiites are quite simi-
lar with high (La/Yb)N ratios (15—28) and (La/Sm)p ratios vary-

ing between 3.8 and 4.3. The patterns for the alkali lavas are in
(Fig. 6) relatively steep and roughly parallel, showing relative
LREE enrichment. The slightly positive Eu anomaly in hawaiites

confirms an accumulation of plagioclase (1.00 < Eu/Eu” < 1.62).
Samples C9U and C8C displays pattern with similar steep slope to
those shown by other samples, but with two-times low contents
(shifted of half towards the bottom). This particularity can be ex-
plained by the primitive character of the C9U or by the incorpora-
tion of mantle material. Petrographic observations have shown
that sample C9U includes numerous xenocrysts (olivine + Ca-rich
pyroxene). Therefore, we suggest that the incorporation of these
xenocrysts is responsible for the shift in pattern to low contents.
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Fig. 6: Primitive Mantle-Normalized Multi-Element Diagrams for Rocks
of Mt Cameroon.

Representative plots of the incompatible trace element concentra-
tions for the Mt Cameroon lavas normalized to primitive mantle
(McDonough and Sun, 1995) are presented in Fig. 7. All groups
are characterized by a progressive enrichment from Lu to Ta and a
relative depletion in the most incompatible elements (Cs to U).
These characteristics are similar to observations reported by
Chauvel et al. (1992) in the case of HIMU-type alkali basalts,
where enrichment is maximum for Nb-Ta and the most incompat-
ible trace elements (Cs, Rb, Ba, Th, U and Nb) are less enriched.
Differentiated samples (hawaiites) are characterized by the pres-
ence of pronounced positive Zr and negative K and Pb anomalies.

A number of samples possess either small negative or small posi-
tive anomalies for Zr and Ti reflecting the fractionation (negative
anomalies) or accumulation (positive anomalies) of minute aMts
of Ti-rich phases. Ti and Zr negative anomaly can be explained
also by amphibole-bearing mantle source (Spath et al. 2001).

- Mount Cameroon
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Fig. 7: Primitive Mantle-Normaliezed REE Digrams for Rocks of Mt
Cameroon.

6.2. Sr, Nd and Pb isotopic ratios

Preliminary isotope determinations of Sr—Nd for alkali basalts
and hawaiites fall in the ranges 0.70330—0.70335 and 0.5128—
0.5130, respectively, plotting close to the reported values for the
Cameroon Line alkali basalts (Halliday et al. 1988, 1990;
Ngounouno et al. 2000, 2003) and for volcanoes from a number of
oceanic islands, such as the St. Helena (Chaffey et al. 1989). In
contrast, Nd isotopes determinations for the Mt Cameroon basalts
show lower “3Nd/***Nd ratios than those of the basalts from other
volcanoes of the Cameroon Line (Pagalu, Sao Tome, Principe,
Manengouba) (Fig. 8).

Pb isotopes have higher unvarying values with 1565 <

207pp/204pp <15.66 overlapping the Pb isotopic data for the
Cameroon Line. However, the Mt Cameroon basalts have highest
206pp/204ph and 297Pb/2%Pb ratios (20.2—20.5 and 40.2—40.5) than
those from other volcanic centers of the Cameroon Line (1920
and 39-39.5 respectively) which suggest likely an implication of
continental lithospheric mantle. The Mt Cameroon basalts with
206pp/204py ratios > 20.2 lie close to the northern hemisphere
reference line (NHRL) as defined by Hart (1984) which represents
asthenospheric-derived MORB and OIB melts.
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7. Discussion

7.1. Interpretation of mineral data

Some important conclusions about the parental magma composi-
tion can be drawn from the presented data.

The forsterite content of olivine is related to the MgO/FeO ratio of
the parental magma; using a coefficient of 0.30 for the partition of
MgO/FeO between olivine and melt (Roeder and Emslie, 1970),
the most primitive analysed olivine (Foss) (similar to olivine in
wherlite and clinopyroxenite xenoliths from the same volcano:
Ngounouno et al. 2006) is in equilibrium with a melt with
MgO/FeO = 2.5. The composition of olivine primocrysts may,
however, have been modified by equilibration with postcumulus
overgrowth (Barnes, 1986; Cawthorn et al. 1992) as suggested by
the more primitive compositions of olivine xenocrysts Fogs in
hawaiite CIW. An estimation of the initial forsterite content can
be made given the residual porosity in the Mg-rich basalts. If a
maximum porosity of 35 % in olivine phenocryst is assumed, an
initial composition of Fo is suggested (Barnes, 1986), equivalent
to an MgO/FeO ratio of 2.5 in the liquid. This is in the range of
primitive OIB (Wilson, 1989) and consistent with derivation from
an enriched mantle source without significant differentiation. On
this basis, the parental primary magma must have an MgO content
of 13 wt. % to be able to crystallize an olivine of Foe: composi-
tion. The composition of this estimated parental melt is appropri-
ate to be in equilibrium with a lherzolite residue at about 1.6-1.7
GPa at a temperature of about 1400°C based on the experimental
data of Falloon and Green (1988).

Ca-rich pyroxene from Mt Cameroon lavas is characterized by
high Ca and low Fe?*, which correlate with both high AI'Y and Ti
compounds. This is consistent with (1) the alkaline nature of the
magmas (low SiO2), (2) the near-liquidus crystallization of Ca-
rich pyroxene, (3) the relatively high MgO (> 5 wt %) of magmas
and H20, and fO2 (ca. NNO buffer).

Abundant Ca-rich amphibole microphenocrysts in Mg-rich basalts
indicate that the Mt Cameroon magma had a relatively high P20,
a feature that is also a characteristic of the Cameroon Line basaltic
magmas (Déruelle et al. 1987; Nono et al. 1994; Ezangono et al.
1995; Ngounouno et al. 2005). The melt from which these basalts
formed was probably enriched in volatiles during their crystalliza-
tion. Based on the considerations above, the parental magma could

at the present stage be described as water-rich picritic basalt. This
conclusion is based on experimental studies (Green, 1972) that
have shown that in hydrous basaltic melts, amphibole can only
exist as near-liquidus phases at pressures between 0.2 and 2 GPa
when Pr2o is greater than 0.5 Pr.

The dominance of highly calcic plagioclase phenocrysts is strong-
ly indicative of low-pressure igneous environments (Green and
Ringwood, 1968; Yoder, 1969) (upper maximum of 0.5 GPa).
Their crystallization in hawaiites indicates relatively high water
content in the magma; in particular the order of appearance of Ca-
rich pyroxene—plagioclase implies that the system became pro-
gressively water-saturated (Nesbitt and Hamilton, 1970).

7.2. Origin of xenocrysts and xenoliths hosted in basaltic
lavas

Some basalts of the Mt Cameroon contain xenocryts of Cr-spinel
and Cr-diopside. Hawaiite C1W contains Foss olivine xenocrysts.
The Cr-diopside xenocrysts of the Mt Cameroon basalts are simi-
lar in composition to those found in other alkali basalts
(Ngounouno et al. 2000, 2003). Their restricted compositional
range and the fact that their chemical composition is distinct from
that of their host magma has led to the interpretation that these Ca-
rich pyroxenes are xenocrysts fragments derived from lithospheric
peridotites. The Cr-diopside xenocrysts of Mt Cameroon are often
fractured. They display sieved areas and have rounded shapes that
could result from reaction with a hot magma after assimilation.
Pressure and temperature estimates for crystallization of Cr-
diopside based upon phase relations in alkaline magmas (Bultitude
and Green, 1971), the pMelts code (Ghiorso et al. 2002) and
cpx—liquid thermobarometry (Putirka et al. 1996) are 1.7-2.3 GPa
and 1200—1250°C respectively, corresponding to a depth of 35—40
km, that is to say within the spinel Iherzolite field, just below the
regional crust-mantle boundary (28-30 + 6 km or 0.8-0.9+0.2
GPa ; Poudjom Djomani et al. 1995).

As previously mentioned, ultramafic xenoliths are present in Mt
Cameroon pyroclastic deposits. Studies on these xenoliths have
shown that the upper mantle which underlies the Precambrian Mt
Cameroon shield is heterogeneous and is composed of a variety of
rock types, including wehrlite and clinopyroxenite (Ngounouno et
al. 2006). Textural and mineralogical criteria from these studies
have led to the conclusion that these rock types are crystalline
cumulate resulting from crystallization of a basaltic magma
(Ngounouno et al. 2006). This basaltic magma generated in the
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mantle may have incorporated accidental fragments of the spinel-
zone mantle during their rising through the subcontinental litho-
sphere. These rising magmas may have accumulated in reservoirs
at the crust-mantle boundary (28—30 km). Here magmas may
have undergone olivine, Ca-rich pyroxene, Fe-Ti oxides fractiona-
tion. Thus, the spinel-bearing xenoliths and xenocrysts, now pre-
served in Mt Cameroon flows as, may represent both the incorpo-
rated products of spinel-zone mantle fragmentation and the intra-
telluric products of spinel-fractionation.

7.3. Nature of the source

Some basalts from Mt Cameroon display stronger enrichments in
Nb relative to LREE and LILE thus leading to low (LREE,
LILE)/Nb ratios (La/Nb = 0.78—0.87, Ba/Nb = 5.25—6.50). The
distinction between the different OIB end-members is better de-
picted in a Ba/Nb— (Rb/Nb, K/Nb) diagram, as these ratios are
lower in HIMU than in EM sources and EMI is enriched in Ba
with respect to EMII. The Ce/Pb and Nb/U ratios of the basalts
from Mt Cameroon display similar ratios to those from Pagalu,
Sao Tome and Principe islands (Ce/Pb = 35—40 and Nb/U = 45—
50). They have higher Ce/Pb ratios (37—48) than those obtained
for MORB+OIB (= 25+5; Hofmann et al. 1986). The Nb/U ratios
(43—50) of the Mt Cameroon basalts approach the OIB+MORB
value (= 47+10), and are significantly higher than the values ob-
tained for the continental crust (Ce/Pb = 4 and Nb/U = 10). The
Mt Cameroon basalts have Nb/La ratios (1.15—1.28) which place
them near the HIMU values (Yokahoma et al. 2007).

The Mt Cameroon basalts have isotopic composition signatures
which fall in the range of those described for the HIMU mantle
(high 2%Ph/204pb);, ratio (20.0—20.5), intermediate value of

LNG/A4Nd);i ratio (0.5128), and low (*'Sr/*°Sr)i ratio (0.7031)).
Many authors interpret these HIMU compositions as symptomatic
of recycling of the subducted oceanic crust in the mantle (Weaver,
1991; Chauvel et al. 1992; Hofmann, 1997).

7.4. Residual phases during partial melting

The abundances of some diagnostics trace and major elements in
basaltic liquids can be used to precise the mineralogical composi-
tion of their mantle source. Mg rich basalt from Mt Cameroon are
depleted in P on normalized multi-element plots (Fig.7), possibly
reflecting a small aMt of apatite in the source (Halliday et al.
1995). Zircon and sphene should be absent in the residue of the
basalt suite as suggested by the incompatible behavior of elements
such as Zr, light REE, and P (Fig. 6).

As previously stated, the depletion in K and Rb on the mantle
normalized trace element patterns of basalts requires the presence
of a potassic mineral in the residue of their mantle source, as noted
by Ngounouno et al. (2005) for monchiquites from Tchircotché in
the Upper Benue valley, northern Cameroon. Phlogopite has a
mineral/melt partition coefficient for Rb and K higher than 1 in
basaltic system (Foley et al. 1996). In the presence of fluorine,
phlogopite is stable up to high pressures (6-7 GPa; Foley, 1986;
Sudo and Tatsumi, 1990) where it decomposes to form numerous
phases including potassic amphibole. The negative K and Rb
anomalies in the normalized multi-element patterns of basalts
suggest that the residual phase was phlogopite rather than amphi-
bole. On the other hand, the absence of a marked negative anoma-
ly in Ti could be the consequence of the presence of phlogopite in

the source and the presence of a Ti-bearing phase such as kaersut-
ite which has not remained in the residue.

As an alternative hypothesis, it has been suggested (i.e. Chauvel et
al. 1992) that K negative anomaly is a characteristic of the source
of the alkali basalts with HIMU Pb isotope signatures, such as the
alkali basalts of the Cameroon Line (Halliday et al. 1990). Such
relative K depletion could be related to the alteration and/or the
deshydratation of the oceanic crust (in great depth > 110 km) dur-
ing an earlier subduction. In conclusion, the mantle source of the
Mt Cameroon rocks probably contains amphibole, which is com-
patible with petrographic observations from lithospheric mantle
xenolith studies from elsewhere in the Cameroon Line (Lee et al.
1996).

7.5. Mantle metasomatism

Petrographic data indicate that the studied ultramafic xenoliths
(wehrlites and clinopyroxenites) from Mt Cameroon have
equigranular and mosaic texture (Ngounouno et al. 2006). This
suggests that “small-volume melt metasomatism” was ancient and
followed by complete re-equilibration in the spinel-peridotite faci-
es. This hypothesis is also supported by the petrological and geo-
chgemical data of Lee et al. (1996), which evidenced that the spi-
nel-mantle xenoliths from the continental Cameroon Line may
represent fragments of subcontinental lithosphere formed at about
the same time as the last major crust-forming event, (the Pan-
African) and were subsequently enriched by small melt fractions
percolating through the upper mantle.

The 87Sr/88Sr ratios of ultramafic xenoliths from the Mt Cameroon

Line are = 0.70334 whilst 143Nd/24Nd are = 0.51272 (Ngounouno
et al. 2006), indicating that the underlying (Table 8) lithospheric
mantle is heterogeneous and enriched. The overlap in Sr and Nd
isotope values between the Mt Cameroon alkali basaltic magmas
and their strongly metasomatised (amphibole veined) wehrlite and
clinopyroxenite xenoliths overlap with their host basalts. Thus, it
seems unlikely that the local infra-lithosphere has been a major
component in the origin of the basalts and they are more probably
formed from partial melting of deeper infra-lithospheric man-
tle.Metasomatized peridotites are considered to be representative
of enriched subcontinental lithosphere. Melts forming K-rich am-
phibole are now considered to be a common metasomatic agent of
the upper mantle, forming a network of thin dykes lacing mantle
peridotite beneath zones of recent volcanism (e.g., Witt-Eickschen
et al. 1998; Lee et al. 1996; Déruelle et al. 2001 ; Ngounouno et al.
2005). The common occurrence and the high modal proportions of
amphibole in xenoliths from the upper mantle beneath the Mt
Cameroon suggest that the lithospheric mantle has been metaso-
matized. We regard this as further evidence of a K-rich precursor
metasomatic fluid in the infra-lithospheric mantle beneath the Mt
Cameroon. The model of Green et al. (1994) predicts a region at a
depth of 70-95 km in which metasomatism by reaction between
“incipient melts” and garnet-spinel Iherzolite will produce titanif-
erous pargasite in direct proportion to the aMt of introduced melt.
The metasomatized lithosphere beneath the Mt Cameroon is en-
riched in clinopyroxene as illustrated by the formation of wehrlites
and clinopyroxenites (olivine + clinopyroxene + chromite). The
pyroxenites probably represent melts crystallized at mantle depth
when the St. Helena mantle plume was active in this region.

Table 8: Nd, Sr and Pb Isotopic Data from Mt Cameroon Rocks

Rock 87186 Rb Sr Nd
type  SamPle TSTESToom)  pm)  2°© (ppm)
C10) 070333 143 473 - 35.1
COU 070342 126 382 000002 24.9
C8B 070338 156 477 000001 286
b CIOR 070342 1221 304 - 24.7
CIOF 070331 3500 1065 - 736
C8N 070335 329 1004 - 69.1
cec 070332 336 1071 - 74.7
ClOW 070332 329 995 - 62.8

Sm end 143Nd/144Nd ZOGPbIZOAPb 207Pb/204pb ZOSPb/ZO4Pb
(Ppm)

6.8 - = = = =

44 199 0.51274 20.267 15.66 40.15
5.08 201 0.51274 20.264 15.65 40.14

4.7 199  0.51274 20.27 15.66 40.15
12.9 324 0.51280 20.394 15.65 40.12
11.8 269  0.51278 20.281 15.64 40.03
12.8 297  0.51279 20.313 15.64 40.04
11.2 285 0.51278 20.342 15.64 40.10
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7.6. Geodynamic implications

The above melting model for the Mt Cameroon rocks as well as
their HSFE, LREE, LILE ratios and Sr-Nd isotopic signature al-
low the identification of a HIMU-like component in the generation
of the basaltic series. If the participation of the above mentioned
mantle source component in the petrogenesis of the Mt Cameroon
lavas is accepted, the magmatism in this region could develop in
two steps. In a first stage, an asthenospheric diapir with trace ele-
ment and isotopic ratios similar to the HIMU-, OIB-reservoir
would trigger magma generation in the overlying subcontinental
lithosphere by melting of pervasive enriched streaks or blobs with
amphibole, giving rise to primitive liquids. The presence of resid-
ual amphibole requires melting close to the asthenosphere -
lithosphere boundary or within the lithospheric mantle. In subse-
quent steps the mantle diapir head would start to melt, the litho-
sphere becoming stripped of this enriched component, and pro-
duced basaltic liquids with Sr-Nd isotopic ratios closer to the OIB
component. These data cannot be interpreted in terms of a mantle
plume, because the diameter of the Mt Cameroon (< 100 km) and
the narrow zone of lithospheric thinning (< 100 km) preclude
mantle upwelling from any great depth. It is therefore likely that
this is simply a localized diapiric instability within the upper as-
thenospheric and the HIMU-like Sr-Nd isotopic characteristics are
inherited from a zone at the base of the continental lithosphere.
The ascent of an asthenospheric diapir and the triggering of mag-
ma generation also involve some additional geodynamic implica-
tions. The melting of the head of the diapir can be produced if it
decompresses likely in Mt Cameroon, indicate a slight crustal
thinning (28-30 km) and the sedimentary evolution reflects an
extensional regime

8. Conclusions

Voluminous mafic magmatism occurred in the Mt Cameroon at
the ocean-continent boundary of the Cameroon Line. This resulted
in the formation of a restricted variety of lava types (basalts and
hawaiites) that were extruded during late Miocene to Present time.
Intermediate and evolved compositions are absent. The Mt Came-
roon also contains wehrlite and clinopyroxenite xenoliths. The
primitive parental magma results from primary magmas of HIMU-
like character, generated by small degrees of partial melting of an
infra-lithospheric metasomatized. This mantle source has geo-
chemical characteristics comparable to the source which generated
alkaline basaltic magmas all along the Cameroon Line. The geo-
chemical diversity of mantle xenoliths observed in alkaline vol-
canic rocks from the Mt Cameroon suggests that metasomatic
enrichment processes during the Mesozoic produced substantial
chemical heterogeneity in the lithospheric mantle beneath Mt
Cameroon. These inferred processes led to an enrichment of in-
compatible elements by percolating hydrous fluids, which resulted
in the formation of hydrous mineral phases in the lithospheric
mantle.
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