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Resolving mantle and magmatic processes in basalts from the Cameroon
volcanic line using the Re–Os isotope system
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a Laboratoire Magmas et Volcans, Université Blaise Pascal, CNRS-IRD, BP 10448, 63000 Clermont Ferrand, France
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c Department of Earth Sciences, Durham University, Science Labs, Durham DH1 3LE, United Kingdom
d Argon Isotope Facility, NERC/SUERC, East Kilbride G75 1QF, United Kingdom
e Department of Earth Sciences, University of Oxford, South Parks Road, Oxford OX1 3AN, United Kingdom

This study presents major-, trace element and Re–Os isotope and elemental data for young alkaline basalts (b10 Ma) from oceanic (Annobon, S. Tomé, Principe), 
continental (Manengouba) and continent–oceanic bound-ary (COB, Mt. Cameroon) sectors of the Cameroon volcanic line (CVL). The CVL is a chain of Tertiary to 
recent, transitional to strongly alkaline intraplate volcanoes extending from the south Atlantic island of Annobon to the continental interior of West Africa (Biu 
Plateau). The basalts from the oceanic sector display a range of initial 187Os/188Os ratios between 0.128 and 0.190 and those from the COB and continental sector 
range between 0.142 and 0.560. The samples with high 206Pb/204Pb (e.g. ratios N20) possess 187Os/188Os isotope compositions between 0.14 and 0.18 (e.g., 
basalts from Mt Cameroon and Sao Tomé) which reflect the chemical characteristics that are more likely to be primary features of CVL, and are close to the value 
of 0.153 attributed to the HIMU end-member (Tubuai–Mangaia). However, most of the lavas from the continental sector show highly radiogenic initial 
187Os/188Os ratios (0.36 to 0.56) that are outside the range previously observed for ocean island basalts, with shifts to radiogenic Os isotope com-positions 
accompanied by less radiogenic 206Pb/204Pb and increasing SiO2 contents. The increase in 187Os/188Os is also associated with the decrease of Os, Ni, MgO and 
phenocryst abundances. These data can be explained by fractional crystallisation and assimilation of continental crust by the ascending magma. The systematic 
shift to unradiogenic lead isotope compositions from the COB into the oceanic sector is positively correlated with variations in 187Os/188Os isotope composition 
(from 0.140 to 0.128). At first sight this covariation might be attributed to the mixing of HIMU material with the ambient upper mantle (DMM). However, there 
is a clear covariation of the Os isotope and elemental composition, best explained with contamination of the oceanic basalts by the physical entrainment of 
xenoliths and xenocrysts of mantle origin. Overall, these results indicate that Os in CVL basalts is highly susceptible to contamination from both oceanic and 
continental lithospheres, under these circumstances covariations with other isotopes and elements must be interpreted with caution.

1. Introduction

A fundamental objective of mantle geochemistry is to understand

the scale and nature of the chemical heterogeneity of the mantle that

is sampled by basaltic volcanism. Isotopic variations in oceanic basalts

are generally ascribed to mixing and/or ageing relationships between

different, variably ‘depleted’ and ‘enriched’, components in the Earth's

mantle (Hart, 1988; Hofmann, 1997; White, 1985; Zindler and Hart,

1986). Of these, DMM (‘depleted’ mid-ocean ridge basalt (MORB)

mantle) is generally considered to represent the Earth's upper mantle

depleted in incompatible elements during the formation of the

continental crust. Whereas, the various enriched components (HIMU,

high 238U/204Pb mantle; EM1, ‘enriched’ mantle 1; and EM2, ‘enriched’

mantle 2) are thought to reflect recycling processes or intra-mantle

differentiation. For example, the chemical characteristics of the HIMU

source (radiogenic Pb and unradiogenic Sr) are generally attributed to

ancient basaltic oceanic crust stored in the mantle for considerable

periods of time (i.e. 1 Gyr or more; Chase, 1981; Chauvel et al., 1992;

Hofmann and White, 1982).

The Re–Os isotope system is sensitive to the processes of mantle

melting, and the generation and recycling of oceanic crust. This is be-

cause Os behaves as a strongly compatible element during melting

and is preferentially retained in the mantle, whereas Re is moderately
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incompatible and enters the melt (e.g. Allègre and Luck, 1980; Hauri

and Hart, 1993; Shirey and Walker, 1998). Consequently, oceanic (and

continental) crust acquires very high Re/Os ratios, and develops radio-

genic Os isotope compositions over relatively short periods of time

(Dale et al., 2007; Gannoun et al., 2004, 2007; Hauri and Hart, 1993;

Shirey and Walker, 1998). Pioneering studies of the Re–Os systematics

in ocean island basalts (OIB) provided strong support for the role of oce-

anic crust in the HIMUmantle, and have demonstrated the utility of this

system as a tracer of mantle sources (Class et al., 2009; Hauri and Hart,

1993; Marcantonio et al., 1995; Reisberg et al., 1993; Schiano et al.,

2001; Skovgaard et al., 2001).

However, the Re–Os isotope system is also highly susceptible to a

number of magmatic processes that may act to obscure the primary

mantle signal. For example, it has been shown that some magmatic

phases (e.g. olivine, clinopyroxene, …) possess extremely high Re/Os

(parent/daughter) ratios (Burton et al., 2002; Gannoun et al., 2004).

Consequently, within sample Os isotope heterogeneity in the

constituant phases can develop in very short periods of time (several

100 kyr or less). This may well explain why aphyric basalts (i.e. those

without phenocryst) tend to yield reproducible Os isotope data and dis-

play good correlations between Os and Sr–Nd–Pb, whereas phyric ba-

salts (i.e. those with phenocrysts) are generally less well correlated

with other isotope systems (e.g. Schiano et al., 2001). Assimilation of

oceanic or continental crust, with a radiogenic Os isotope composition,

with concomitant fractional crystallisation (producing magmas with

decreasing Os concentrations) seems likely to also have an effect on

magma compositions. Such process has been documented in several

studies (e.g. Alves et al., 2002; Gleißner et al., 2012; Hart et al., 1997;

Lassiter and Luhr, 2001). Finally, recent studies have shown that mantle

minerals, not only sulphide but also silicates, generally possess Os con-

centrations some ~102 greater thanmagmatic phases (e.g. Burton et al.,

1999, 2000; Gannoun et al., 2004) although some doubts remain if Os in

silicate was indeed located in the lattice. Many OIB contain xenoliths

and xenocrysts of mantle origin, and their assimilation, or physical

entrainment within samples, could have a significant affect on the Os

isotope chemistry of the basalt host.

The Cameroon Line is an alkaline volcanic province that straddles

both oceanic and continental lithospheres. Combined Pb, Sr, Nd and Hf

isotope studies have shown that in the vicinity of the continent–ocean

boundary the lavas have many isotopic characteristics typical of a

HIMU source, although the Pb is not as radiogenic as the classic oceanic

HIMU localities. This study presents new Os isotope data for a suite of

basalts and xenoliths from the Cameroon Line, for which major and

trace elements and Pb and Nd isotope data have already been obtained.

These results show that Cameroon volcanic line lavas possess Os isotope

compositionswith the typical HIMU signature. However, lavas from the

continental sector show clear evidence of assimilation of material with

radiogenic Os during fractional crystallisation, whereas, samples from

the oceanic sector show Os isotope and elemental trends that strongly

suggest that contamination by lithospheric mantle material has

occurred.

2. Geological background and sample selection

The CVL is an alkaline volcanic province extending some 1600 km

from the African continental interior into the Gulf of Guinea (Fig. 1).

The petrology, geochemistry and geochronology of the Cameroon Line

basalts have been extensively documented elsewhere (Aka et al.,

2004; Fitton, 1987; Fitton and Dunlop, 1985; Halliday et al., 1988;

1990; Lee et al., 1994; Rankenburg et al., 2005; Yokoyama et al.,

2007), and as such only the salient features are discussed here.Magmat-

ic activity in the Cameroon Line extends over at least the past 65Myr to

the present but shows no systematic migration with time as might be

expected for plume track migration (typified by the Hawaiian hot

spot). Most of the volcanic centres along the entire length of the chain

have recently been active. There are at least 17 plutonic complexes in

the continental sector, ranging in age from65Ma to 30Ma.Geochemical

data indicate that these complexes are primarily ofmantle origin but are

contaminated by crustal components (Jacquemin et al., 1982; Parsons

et al., 1986; Rankenburg et al., 2005). In addition there are 12major vol-

canic centres extending into the oceanic sector ranging in age from

35 Ma to the present. The CVL can be divided into three zones: the oce-

anic sector (Annobon, Principe and São Tomé), the continent/ocean

boundary (COB: Bioko and Mt. Cameroon) and the continental sector

(Manengouba, Bamboutou, Oku, Ngaoundéré Plateau and Biu Plateau).

The only currently active volcano isMt. Cameroon (COB)which erupted

last in 2000 (Suh et al., 2003). The volcanic centres in the CVL erupt

mostly alkaline basalts, along with minor tholeiitic basalts and evolved

rocks (phonolites and trachytes; Fitton and Dunlop, 1985).

Major and trace element patterns of the mafic rocks (≥4.0 wt.%

MgO) are similar in both continental and oceanic sectors, suggesting

that the lavas have not been significantly modified during ascent

through the lithosphere. When compared with other representative

mantle end-members the CVL basalts are close to those of a HIMU-

type (Fig. 2), characterised by their enrichment in incompatible trace

elements. As HIMU basalts, the CVL lavas share the same negative

anomalies of K, and Pb which are complementary to the corresponding

positive anomalies in average continental crust. Similarly, they show a

decrease in the normalised abundances of the most incompatible

elements (Rb, Ba), which indicates a depleted ‘heritage’ for HIMU OIB
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Fig. 1.Map of themain geological features of the area of the Cameroon Line and theGulf of

Guinea showing the distribution of the main Cenozoic volcanic centres (in red), the

definition of the continent/ocean boundary region and the eruption ages of the major

volcanic centres (adapted from Fitton and Dunlop, 1985). Ages are compiled from Fitton

and Dunlop (1985), Halliday et al. (1990), and Lee et al. (1994). The thick blue lines

trending east-northeast mark the Central African Shear Zone (CASZ). The stippled white

box offshore is the inferred location of the Cameroon Fracture Zone (Sibuet and Mascle,

1978). The location of the Congo Craton is shown by the green line, however the exact

location for the boundary to the northeast and west is not well known and possible

locations of the boundary are shownwith dashed green lines (after Schlüter, 2006; Reusch

et al., 2010). The basement between the Congo Craton and the Benue Trough is comprised

of the Oubanguides mobile belt.
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(Hofmann, 1997), and the enrichment of Nb in CVL basalts is balanced

by a depletion of this element in the continental crust.

Combined isotopic studies reveal temporal and spatial patterns in

the mafic rocks of the CVL. At the continent–ocean boundary (COB)

young (b10 Ma) lavas possess relatively radiogenic Pb

(206Pb/204Pb ~ 20.5) and unradiogenic Nd (εNd ~ +3) compositions,

but with distance away from the COB have less radiogenic Pb

(206Pb/204Pb ~ 19.0) and more radiogenic Nd (εNd ~ +6). Lavas from

Mount Cameroon and the ocean islands show systematic shifts to

more radiogenic Pb and Sr and less radiogenic Nd with decreasing age

(Halliday et al., 1990; Lee et al., 1994). The earliest lavas from Principe

(31 Ma) and Sao Tomé (13 Ma) have very similar Pb, Sr and Nd isotope

compositions to those of Annobon (b5 Ma) (Lee et al., 1994). These ob-

servations are consistent with a common source for all islands with the

later lavas being affected by interaction with other mantle components.

Although the Cameroon Line does not possess Pb as radiogenic as that of

the classic HIMU localities, such as Tubuai or Mangaia (e.g. Chauvel

et al., 1992; Woodhead, 1996), it does possess major, trace-element

and isotope compositions that are indistinguishable from those of

other HIMU OIB (Halliday et al., 1988, 1990; Lee et al., 1994) However,

the nature of the Cameroon Line HIMU remains a subject of debate.

Some have argued that this HIMU signature reflects recent enrichment

of the oceanic uppermantle that occurred at the time of formation of the

local oceanic lithosphere and has been preserved in the uppermost

mantle for 125 Myr (e.g. Halliday et al., 1990). Furthermore, on the

basis of the low 207Pb/204Pb (for a given 206Pb/204Pb), the CVL has

been interpreted in terms of remelting of an enriched fossil plume

head located beneath the COB (Halliday et al., 1990). Others have ar-

gued that the common source for all islands in CVL fromwhich melting

is initiated could be ambient upper mantle with unradiogenic Pb

entrained within a plume head during ascent. The progression to radio-

genic Pb reflects the increasing importance of an active plume stem

composed of relatively uncontaminated HIMUmantle (Lee et al., 1994).

In this study, 21 mafic volcanic samples have been analysed, that

range in composition from alkali basalt, to basanite and picro-basalt

(Barfod, 1999). Sample localities are given in Table 1. Thirteen samples

are from islands in the oceanic sector including Annobon, Sao Tomé and

Principe. Six samples from Mt. Cameroon (COB) and two samples from

Manengouba (continental sector) were also analysed. Olivine and

clinopyroxene are the major phenocrysts in this sample suite, with

minor plagioclase. In order to better understand distribution and

behaviour of Re–Os isotopes amongst magmatic phases, and the poten-

tial impact of xenocrysts on the lava chemistry, Os isotopes have also

been measured in olivines and clinopyroxene separated from two of

the oceanic lavas.

In addition, in order to characterise the Os signature of the sub-

lithospheric mantle beneath the CVL, six basalt-hosted ultramafic xeno-

liths (Lee et al., 1996) have also been analysed in this study. All of these

were collected from the major continental volcanic centres of the CVL

(Table 1). The petrology and geochemistry of the ultramafic xenoliths

have been extensively described elsewhere (Barfod, 1999; Lee et al.,

1996; Rehkämper et al., 1997). All the xenoliths are thought to be de-

pleted residues after the extraction of basaltic melts from an upper

mantle similar to the present day Atlantic MORB mantle source (Lee

et al., 1996), but some preserve evidence of interaction with enriched

partial melts before entrainment. Five of the six xenoliths are spinel

lherzolite which are fertile with 10 to 15% clinopyroxene. The only

harzburgite analysed N12, with only ~5% clinopyroxene is markedly

enriched in LREE [(La/Yb)N = 4.1] attesting to the metasomatic enrich-

ment processes that are thought to have affected the Cameroon Line

mantle lithosphere during the Mesozoic (Lee et al., 1996).

3. Analytical techniques

Basalt samples were crushed in agate mortar and between 0.5 and

1 g of powdered rock were used for Re–Os isotope analysis. The basalt

samples were spiked with a mixed 185Re and 190Os spike. The dissolu-

tion was achieved using HF–HBr in a Savillex Teflon bomb heated at

150 °C for at least 2 days. This step was followed by oxidation of Os to

OsO4 in a nitric acid solution containing chromium trioxide to ensure

spike/sample osmium isotopic homogenisation, Os was then extracted

in liquid bromine and purified by micro-distillation (Birck et al.,

1997). The remaining aqueous solution containing Re was reduced

with ethanol and Re was extracted and purified by liquid/liquid extrac-

tion with iso-amylic alcohol and 2 N HNO3. Rhenium and osmiumwere

analysed as negative ions, using the ion counting electron multiplier on

a Thermo-Electron TRITON® thermal ionisation mass spectrometer at

the Open University. Whole-rock total procedural blanks for Os during
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the course of this study varied between 0.021 and 0.044 pg with an av-

erage of Os concentration of 0.033 ± 0.010 (n = 7). The 187Os/188Os

ratio of the weighted mean is 0.24 ± 0.04. For Re they were between

1.5 and 3.8 pg (n = 7) with a mean value of 2.24 pg. Blank corrections

applied to Re and Os concentrations amounted to 0.3–3% and 0.1–3.2%

respectively.

Optically pure and inclusion-rich olivine and one clinopyroxene

fraction were separated from samples A3 to A7 (Annobon) and were

powdered in an agate mortar. The weight of the mineral separates

ranged from 15 to 145 mg. The Re–Os chemistry closely follows that

used for the whole-rock. Both Re and Os were analysed on Thermo-

Electron TRITON® at Blaise Pascal University. The average Os blank

was 0.022 pg with 187Os/188Os of 0.38 ± 0.05 (n = 4) while the mean

value for the Re blank was 1.2 pg (n = 4). Blank corrections applied to

Re and Os concentrations for the mineral separates were 1.2–6.7% and

0.1–0.6%, respectively.

It has been shown that low temperature acid digestion (LTAD) may

not recover all the Re andOs present in the samples (Meisel et al., 2003),

particularly when PGE rich alloy phases are present. Thus, to ensure full

recovery of both Re and Os from the studied samples, Carius tube (CT)

digestion was used for duplicate measurements of ten basalt samples

representative of the entire range analysed for both Os isotope compo-

sition and Os abundance obtained by LTAD. CT digestion method was

also used for the xenolith samples. Approximately 1 g of each whole

rock powder was digested and equilibrated with a mixed 185Re–190Os

spike, using inverse aqua regia (2.5 ml of 12 M HCl and 5 ml 16 M

HNO3) in a borosilicate CT and placed in an oven at 250 °C for at least

72 h. Osmium was extracted using carbon tetra-chloride (CCl4), back-

extracted using HBr and then microdistilled (Cohen and Waters,

1996). The aqua regia was dried, re-dissolved in 2 M HNO3, and Re

was recovered in iso-amylol and extracted in ultrapure water (Birck

et al., 1997). The CT digestion gave, average total procedural blanks of

0.16 pg Os, 3.66 pg Re, and 187Os/188Os of 0.39 ± 0.05 (n = 4).

Repeat analyses of 100 pg and 10 pg aliquots of a Johnson Mathey

(JM) Os standard gave a mean value of 0.17388 ± 26 (n = 26) and

0.1741±3 (n=15), respectively, and thesewere run over the duration

of the study. These values are in good agreement with published

Faraday cup N-TIMS values (Birck et al., 1997; Nowell et al., 2008).

Duplicate measurements for the ten basalt samples digested using

CT are reported in Table 1. The CT digestion method recovers slightly

higher Re and Os concentrations, within±5%, except the three samples

possessing the lowest Os abundances measured in this study (i.e. sam-

ples ST227, C238 and C239 having Os concentrations between 4 and

7.5 ppt). However, both techniques yield similar 187Os/188Os ratios,

within ±2%, hence, the two different digestion techniques are in good

agreement at least for the basaltic rocks analysed here.

4. Results

4.1. Basalts

Selected major- and trace-element and phenocryst abundances

were previously determined (Barfod, 1999) and are reported in the

Supplementary Table. Samples vary in composition from Mg-rich

basanite to more evolved alkali basalts. Basalt samples from oceanic

and continental sectors display the same range of MgO which varies

from 5 to 21 wt.%, but most of the samples have N8 wt.% MgO. Samples

with high MgO are also rich in olivine phenocrysts and may have been

affected by crystal accumulation as confirmed by Ni higher than

400 ppm and Cr higher than 600 ppm.

The Re and Os elemental and isotope data are given in Table 1. The

Re concentration of CVL basalts ranges from 143 to 610 ppt, and from

204 to 612 ppt for oceanic and continental sectors, respectively (exclud-

ing one Re-rich sample of 1144 ppt fromManengoubawhich falls in the

MORB field (Fig. 3)). The Os concentrations are also similar between

both sectors ranging from 4 to 110 ppt and from 2 to 70 ppt,

respectively. The CVL basalts lie within the usual range of enriched

OIB in terms of Re and Os concentrations (Fig. 3) with most of the sam-

ples falling in the HIMU-type Austral–Cook island field (Class et al.,

2009; Hauri and Hart, 1993; Reisberg et al., 1993; Schiano et al.,

2001). Amongst the basalts studied here only those of the continental

sector show a positive co-variation between Os and MgO, Ni and Cr

and phenocryst abundance. Samples with high abundances in pheno-

crysts (olivine + clinopyroxene) are those that are rich in Os, Ni and

MgO (Fig. 4), which serves to emphasise the role of olivine accumula-

tion in controlling Os concentrations. The 187Os/188Os isotope composi-

tions vary greatly within the CVL basalts ranging from 0.128 to 0.190,

and from 0.142 to 0.559, in oceanic and continental sectors, respective-

ly. Age correction only slightly affects the isotopic compositions of a few

of the samples, and is less than 5% for all samples except for sample

P119, from Principe, which has an age of 20.4 Ma. Therefore, the range

of initial isotopic ratios also remains large, between 0.13 and 0.19 and

between 0.14 and 0.56 for oceanic and continental sectors, respectively.

Many of these isotope compositions are far more radiogenic than those

reported for enriched OIB (e.g., Class et al., 2009; Hauri and Hart, 1993;

Reisberg et al., 1993; Roy-Barman and Allègre, 1995; Schiano et al.,

2001) or those observed for Biu Plateau lavas from the continental

sector of the CVL (Rankenburg et al., 2005).

Samples with high 206Pb/204Pb (e.g. ratios N20) also have
187Os/187Os ratios between 0.14 and 0.18 (e.g., basalts from Mt

Cameroon and Sao Tomé) and preserve the characteristics that are

more likely to be primary features of CVL lavas. The observed
187Os/187Os range for these radiogenic Pb rich samples is close to

HIMU-type (187Os/188Os of 0.15–0.16; Hauri and Hart, 1993; Reisberg

et al., 1993; Schiano et al., 2001). Basalts from the oceanic sector define

a positive co-variation in the Os isotope composition against the

reciprocal of the concentration where the three studied islands possess

distinctive chemical characteristics (Fig. 5). The least radiogenic

samples are those from Annobon (0.128–0.132) which yields a range

of Os isotope ratios indistinguishable from those of oceanic mantle

(Gannoun et al., 2007; Harvey et al., 2006; Snow and Reisberg, 1995).

The homogeneity of 187Os/188Os of Annobon lavas is consistent with

their relatively uniform Nd and Pb isotope compositions.

4.2. Mineral separates

The Re and Os concentrations and 187Os/188Os isotope compositions

for olivine and clinopyroxene phenocrysts are given in Table 2. Optically

pure olivine from basalts A3 to A7 possesses Os concentrations of

HIMU
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Comores

1
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Fig. 3.Rhenium (ppt) against osmium(ppt). CVL basaltfield fallswithin the usual scope of

enriched OIB. CVL lavas are less enriched in Re but more enriched in Os than MORB

(Gannoun et al., 2007; Schiano et al., 1997). Other literature data are from the following

references: Hawaii (Bennett et al., 1996; Hauri et al., 1996; Lassiter and Hauri, 1998);

Canary (Marcantonio et al., 1995; Widom et al., 1999); Comores (Class et al., 2009); St.

Helena (Reisberg et al., 1993); and HIMU, Cook Australs (Hauri and Hart, 1993; Reisberg

et al., 1993; Schiano et al., 2001).
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24–46 ppt, lower than the correspondingwhole-rock, while mineral in-

clusion-rich olivine has higher Os concentrations ranging from 958 to

2654 ppt. The only analysed clinopyroxene from sample A3 has an Os

concentration of 325 ppt. Rhenium concentrations for the same silicate

phases are 132–338 ppt in pure olivine, 1756–1996ppt in inclusion-rich

olivine and 413 ppt in clinopyroxene. The Re and Os concentrations of

the inclusion-rich olivine are consistently higher than their correspond-

ing bulk-rock. Mineral age corrected 187Os/188Os isotope compositions

range from 0.132 to 0.138 and are consistently higher than the corre-

sponding bulk-rock. In contrast, inclusion-rich olivine has 187Os/188Os

ratios that are systematically less radiogenic than that of the bulk-

rock, even lower than estimates for the present-day primitive upper

mantle (i.e. 0.1296 ± 0.0009; Meisel et al., 1996) but within the range

of values frommantle peridotites. The 187Re/188Os of themineral phases

ranges from 20 to 44 for olivine, 6.2 for clinopyroxene, and from 3.5 to

10.2 for inclusion-rich olivine. Theminerals from basalt A7 define a pos-

itive correlation in Re–Os isotope evolution diagram with an apparent

age of 24 ± 4 Ma. This age is much greater than that obtained by Ar

techniques (Table 1), and the covariation between the Os isotope

composition and the reciprocal of the concentration suggests that this

most likely reflects mixing between the olivine phenocrysts and bulk-

rock, rather than having some chronological significance. In this mixing

diagram (Fig. 5c) the inclusion-rich olivines possess a composition sim-

ilar to the mantle xenoliths, suggesting that these crystals are

xenocrysts of mantle origin hosting sulphide grains that dominate

their chemistry. This interpretation is entirely consistent with

petrographic observation that reveals the widespread presence of

sulphide-bearing olivine crystals that are not in textural equilibrium

with other phases in this rock (Barfod, 1999).

4.3. Xenoliths

The Re–Os isotope and elemental data for the bulk xenolith samples

from the Cameroon Line are given in Table 1. The Os concentrations

(0.94–3.05 ppb) are similar to other non-cratonic ultramafic xenoliths

worldwide (Meisel et al., 2001) but lower than those obtained for oro-

genicmassif peridotites (Reisberg and Lorand, 1995). The Re concentra-

tions range from 0.20 to 0.39 ppb overlapping estimates for fertile

mantle, i.e. 0.26 ppb (Morgan, 1986) and the primitive upper mantle

(0.35 ppb; Becker et al., 2006). Consequently, most of the samples

have supra-chondritic 187Re/188Os ratios (i.e. N range of 0.37–0.48,

Fischer-Gödde et al., 2010; Walker et al., 2002). However, 187Os/188Os

ratios range from 0.1187 to 0.1273 and are sub-chondritic to chondritic

(chondrite overall ranges between 0.124 and 0.133; Fischer-Gödde

et al., 2010; Walker et al., 2002). These observations imply recent addi-

tion of Re most probably contemporaneous to the melt enrichment of

shallow depleted mantle during theMesozoic (Lee et al., 1996). The xe-

noliths display a broad positive correlation between 187Os/188Os and
187Re/188Os and other elemental proxies of melt depletion (e.g. Al2O3,

CaO). The Re depletion model ages (that assume complete Re loss at

the time of depletion) indicate minimum ages of between 0.2 and

1.4 Ga. The highest age is preserved by the only harzburgite analysed

in this study (N12) which possesses the most unradiogenic Os isotope

composition (i.e. 0.1187).

5. Discussion

5.1. Fractional crystallisation–continental crust assimilation

The continental alkali basalts of the CVL display unusually radiogenic
187Os/188Os compositions even after age correction (i.e. from 0.14 to

0.56). This range of compositions while more radiogenic than those of

oceanic basalts and mantle derived xenoliths is comparable to that ob-

served in subduction zone lavas (Alves et al., 2002; Borg et al., 2000;

Chesley et al., 2002). It is unclear whether these radiogenic composi-

tions relate to source heterogeneity, or magma interaction with the

sub-continental lithospheric mantle or with the continental crust itself.

Lavas from the continental sector lie on a mixing trend between a pri-

mary composition similar to HIMU lavas and an end member with
187Os/188Os N 0.6 (Figs. 6; 7). However, Os provides a means for

distinguishing the identity of this radiogenic component. The SCLM is

ruled out because ultramafic xenoliths sampled from the major conti-

nental centres (Mt. Cameroon, Oku, Ngaoundéré and Biu Plateau along

an ~600 km long stretch) preserve only unradiogenic isotope composi-

tions from sub-chondritic to chondritic (0.118 to 0.127) and accordingly

the derived melts should have similar 187Os/188Os ratios. Furthermore

the transport kinematics of xenoliths suggest an ascent rate of

~50 cm/s (Morin and Corriveau, 1996) which would result in short res-

idence times (b100 h) for the xenoliths in basaltic magmas (Scarfe and

Brearly, 1987). Thus, the extremely radiogenic Os isotope ratios in
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continental CVL suggest that the magmas have not experienced signifi-

cant interaction with SCLM.

The continental CVL lavaswith the highest 206Pb/204Pb (N20.1) scat-

ter around 187Os/188Os values that are thought typical of theHIMU com-

ponent (0.153) while the samples with 206Pb/204Pb b 19.94 show the

most elevated 187Os/188Os found in this study. The latter samples are

also characterised by high SiO2, low MgO, Ni, and Os and phenocryst

abundance (Figs. 4, 6–7). Such trends are most likely to be accounted

for by contamination from the continental crust. The decrease in con-

centration of these compatible elements accompanying differentiation

of the lavas is associated with a shift of the 187Os/188Os isotope ratios

to radiogenic compositions. The differentiated lavas with low Os abun-

dances are more vulnerable to contamination. Therefore, the co-

variation between the abundances of compatible elements (e.g. Os, Ni

and Mg) and the percentage of phenocrysts suggests that contamina-

tionmight occur through a shallow level coupled assimilation–fraction-

al crystallisation process (AFC), in which fractional crystallisation

releases the latent heat that is needed to melt wall-rocks surrounding

the magma (e.g. DePaolo, 1981).

Previous studies reported evidence for contamination of some

evolved phonolites and trachytes of the continental sector by continen-

tal material, based upon radiogenic 87Sr/86Sr and unradiogenic
143Nd/144Nd isotope compositions (Marzoli et al., 1999) and radiogenic
187Os/188Os (Rankenburg et al., 2005). In general, the continental crust

possesses radiogenic Os isotope compositions, both the lower and
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Fig. 5. Initial Os isotope composition in oceanic CVL basalts versus the reciprocal of the Os

concentration. (a) and (b) Annobon whole rock lavas and host olivine and cpx pheno-

crysts. 187Os/188Os ratios for clinopyroxene and pure olivine range from 0.132 to 0.138

and remain consistently higher than the corresponding bulk-rock. In contrast, inclusion-

rich olivine gives systematically unradiogenic 187Os/188Os ratios below that of the bulk-

rock and plays a dominant role in Os mass balance at whole rock scale. (c) Inclusion-

rich olivine plot close to the mantle xenoliths indicating their xenocrystic origin.

Table 2

Re–Os isotope data for mineral separates from A3 to A7 basalts of Annobon.

187Os/188Os 187Os/188Osa Re

(ppt)

Os

(ppt)

187Re/188Os Blank Os

(%)

Blank Re

(%)

Annobon A3

Olivine 1 0.1344 ± 0.0011 0.1344 338 23.98 44.1 1.1 3.6

Olivine 2 0.1326 ± 0.0014 0.1325 273 39.61 33.6 0.7 4.8

Inclusion-rich olivine 0.1271 ± 0.0004 0.1271 1925 2654 3.53 0.1 4.5

Cpx 1 0.1338 ± 0.0005 0.1338 413 325.2 6.19 0.2 6.2

WR1 0.1280 ± 0.0003 0.1280 407 70.72 27.7 0.1 1.1

WR2 0.1283 ± 0.0002 0.1283 421 68.64 29.8 0.2 0.8

Annobon A7

Olivine 1 0.1377 ± 0.0010 0.1376 132 37.35 26.7 0.4 5.5

Olivine 2 0.1359 ± 0.0012 0.1358 193 45.82 20.6 0.9 9.5

Inclusion-rich olivine 1 0.1295 ± 0.0004 0.1295 1756 1450 5.90 0.1 3.9

Inclusion-rich olivine 2 0.1309 ± 0.0006 0.1309 1996 958 10.15 0.2 3.9

WR1 0.1315 ± 0.0005 0.1315 205 91.53 10.8 0.1 2.2

WR2 0.1321 ± 0.0004 0.1321 212 93.80 11.0 0.2 1.7

a Age corrected.
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upper continental crusts. The average osmium isotope composition for

the upper crust has been estimated to be ~1.26 (Esser and Turekian,

1993) or more recently ~1.05 (Peucker-Ehrenbrink and Jahn, 2001) al-

though estimates for the lower crust range from 0.4 to 0.8 (Saal et al.,

1998). The eruptive centres at Mt. Cameroon and Manengouba lie

mainly on gneissic and granitic rocks of the Pan-African basement com-

plex, which range in age from 0.6 to 2.1 Ga (Kwékam et al., 2013). This

crystalline basement forms part of a mobile belt between the West

Africa and Congo Craton, however, there is no published Os isotope

data available for silicic crustal material from Pan-African basement.

Nevertheless, one can estimate the expected present day 187Os/188Os

by using the range of 187Re/188Os of 10 to 100 reported so far for crustal

rocks (e.g. Esser and Turekian, 1993; Peucker-Ehrenbrink and Jahn,

2001; Saal et al., 1998). If crustal ages of 0.6–2.1 Ga and average
187Re/188Os of 34.5 (Peucker-Ehrenbrink and Jahn, 2001) are assumed

for CVL upper continental crust, this yields a present day 187Os/188Os

of between 0.4 and 1.4. Taking these values for the upper and lower con-

tinental crusts and that for theHIMU lavas, amixing scenario is illustrat-

ed in Figs. 6 and 7a. In Pb–Os isotope space the continental lavas from

the CVL with 206Pb/204Pb b 19.94 fall within the field of crustal contam-

ination (Fig. 7a). Such a contamination process would also account for

the highest SiO2 observed for these samples (Fig. 6) as the continental

crust in general and granitic basement under continental CVL in partic-

ular, are characterised by high SiO2 (i.e. 64–77 wt.%; Marzoli et al.,

2000). The results ofmixing calculations are consistent in both diagrams

(Figs. 6 and 7a) and amounts between of 8 and 16% continental assim-

ilation are required to explain the observed shift in 187Os/188Os ratios

and the SiO2 contents, where mixing trajectories indicate that both

upper and lower continental crusts may have been involved. Therefore,

such proportions of crustal assimilation do not appear to have signifi-

cantly modified the Pb or Nd isotopes of basalts from the continental

sector.

5.2. Nature of the Os-unradiogenic component involved in oceanic CVL

The range of 187Os/188Os isotope compositions observed in the oce-

anic lavas of the CVL is relatively smaller (from 0.128 to 0.19) by com-

parison to that seen in the continental. Lavas from Annobon, Sao Tomé

and Principe possess distinctive Os isotope and elemental compositions

(Fig. 5). Themost radiogenic samples of the oceanic lavas are thosewith

low contents of Os (b7 ppt). These are all from the island of Sao Tome

and lie close to the same mixing trends that might explain the contam-

inated continental basalts for Os and Pb isotopes (Fig. 7a). The presence

of granitic xenoliths up to 10 cm in diameter in a lava flow in the west-

ern part of the Sao Tomé island suggests that granitic basement rocks

could be the source of such minor radiogenic additions (b2% assimila-

tion, see Fig. 7a). However, the presence of old basaltic crust with radio-

genic 187Os/188Os, resulting from 187Re decay since crystallisation, could

also affect the Os isotopic ratios of OIB erupted on old oceanic litho-

sphere such as that underlying CVL (~130 Ma). Such a contamination

process, albeit at a less significant level, has been proposed by

Marcantonio et al. (1995) and Reisberg et al. (1993) for radiogenic sam-

ples from St. Helena and La Palma, respectively. However, these samples

apart, most of the Sao Tomé lavas still exhibit the same characteristics

that are close to HIMU end-member (Fig. 7).

The important result from the oceanic lavas is the nearly constant

and relatively unradiogenic Os and Pb isotope ratios found in Annobon.

The unradiogenic Os isotope compositions of the Annobon lavas require

the existence of a mantle component characterised by an unradiogenic
187Os/188Os isotope composition (b0.128). The observation in sample

A3 of resorbed, strained crystals and polycrystalline fragments of olivine

along with the presence of harzburgite xenoliths in the flow clearly in-

dicates the presence of xenocrystic material probably from the sub-

oceanic mantle (Fig. S1). This is supported by the high Fo content

(N90%) in many olivine crystals (Fig. S2). Such origin is also supported

by the unradiogenic Os isotope ratios and the high Os concentrations

found in the inclusion-rich olivines as they plot close to mantle xeno-

liths fromCVL (Fig. 5). The difference between the 187Os/188Os signature

of the whole rock and inclusion-rich olivine is 0.7% for A3 and less than

1.5% for A7. However, optically pure olivine is up to 5%more radiogenic

than the whole rock. If the optically pure olivine is largely magmatic
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Fig. 7. 187Os/188Os versus (a) 206Pb/204Pb and (b) 143Nd/144Nd diagrams for CVL

basalts. Pb and Nd isotope data are from Barfod (1999) and Lee et al. (1996). Approx-

imate locations of the mantle components HIMU and DMM EM1, and the composi-

tions representing the BSE are shown for reference. The average 187Os/188Os ratio

for sub-continental lithospheric mantle is from Shirey andWalker (1998). Ultramafic

xenoliths beneath continental part of the CVL are also shown. The Y-axis in the Os–Pb

chart was truncated between 0.2 and 0.3 and the scale was changed between 0.3 and

0.6. The increments in the curves are 2%. The grey shaded area indicates the possible

compositions for crustally contaminated lavas. The most radiogenic samples from the

continental sector can be explained by assimilation of 8 to 16% of continental crust.

Assuming for the uncontaminated starting point [Os] = 10 ppt, 187Os/188Os =

0.156, 206Pb/204Pb = 20.24, [Pb] = 2 ppm; for upper continental crust (UCC)

[Os] = 50 ppt, 187Os/188Os = 1.4, 206Pb/204Pb = 19.3, [Pb] = 8 ppm; and for lower

continental crust (LCC) [Os] = 50 ppt, 187Os/188Os = 0.8 (Saal et al., 1998),
206Pb/204Pb = 17.5, [Pb] = 8 ppm. Curves (1) and (2) describe the possible mixing

trajectories between HIMU and DMM. (1) Assimilation of mantle xenocrysts and

(2) mixing of lavas derived from DMM and HIMU sources. Modelling parameters

are as follows: for (1) DMM mantle [Os] = 3 ppb, 187Os/188Os = 0.125,
206Pb/204Pb = 18.5, [Pb] = 0.15 ppm and for (2) DMM melt [Os] = 8 ppt,
187Os/188Os = 0.127, 206Pb/204Pb = 18.5, [Pb] = 0.45 ppm. For Os–Nd modelling

the starting point was chosen to be the closest to HIMU endmember,
143Nd/144Nd = 0.513, [Nd] = 40 ppm, 187Os/188Os = 0.15, [Os] = 10 ppt; for UCC
143Nd/144Nd = 0.512, [Nd] = 27 ppm (Rudnick and Fountain, 1995),
187Os/188Os = 1.4, [Os] = 50 ppt; and for LCC143Nd/144Nd = 0.512, [Nd] = 50 ppm

(Kwékam et al., 2013), 187Os/188Os= 0.8, [Os]= 30 ppt (Saal et al., 1998). Increments

in the curves are 2%.
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(rather than of mantle origin) then the 187Os/188Os signatures of such

olivine are likely to be closer to the primarymagmatic Os isotope ratios,

because unlike the whole rock they are not affected by any mantle

xenocrystic contribution.

The peridotite dominated part of theMORBmantle as defined by un-

altered abyssal peridotites (Harvey et al., 2006; Snow and Reisberg,

1995) and the most unradiogenic MORB themselves (Gannoun et al.,

2007) have low 187Os/188Os ratios ranging from 0.118 to 0.130. There-

fore, at first sight the covariations between Os and Pb appear consistent

with mixing of two mantle components, one with unradiogenic Os and

Pb akin to DMM and another with radiogenic Os and Pb, i.e. the HIMU

mantle. However, the relationship between 187Os/188Os isotope and

Os concentration is unexpected, because melts that originate from the

DMM usually possess relatively low Os concentrations (Gannoun

et al., 2007) in contrast to the high concentrations observed here. Rather

it seems more likely that the lavas possessing unradiogenic Os iso-

tope compositions have themselves been contaminated by the phys-

ical entrainment of fragments of mantle material (i.e. xenoliths and

xenocrysts) that possess very high Os concentrations.

However, while such physical contamination can readily explain the

shift of Os isotopes, the mixing calculations suggest that this process

cannot account alone for the shift of the Pb isotope compositions of

the lavas towards the observed values. This is because the average Pb

concentration of HIMU lavas is ~2 ppm which is some 10–15 times

higher than that ofmantle rocks (0.1–0.2 ppm), whereas theOs concen-

tration in HIMU lavas of ~10−2 ppb is some 3 orders of magnitude less

than the average value for abyssal peridotites. The principal difference

in the behaviour of Os and Pb is that 90% of the Os is hosted in sulphide

and this dominates the signature of the whole-rock (Alard et al., 2002;

Burton et al., 1999; Harvey et al., 2010). Whereas, only b10% of the Pb

is hosted in the sulphide and the whole rock has a composition that is

only slightly displaced from that of silicates (Burton et al., 2012).

One consequence of the contrasting distribution of both elements in

HIMU lavas and oceanic mantle is that the mixingwill be dominated by

Os at the values shown in Fig. 7a and produces hyperbolic mixing line

that exhibits a substantial variation in 187Os/188Os ratios (0.156 to

0.128) with little accompanying variation of 206Pb/204Pb. The addition

of 2–3% of mantle material can explain the elevated Os concentrations

and the unradiogenic and narrow range of 187Os/188Os ratios observed

in Annobon lavas (0.128–0.137). However, such a small addition of

mantle material is not consistent with the low 206Pb/204Pb observed in

Annobon lavas. It is concluded that while contamination by the physical

entrainment of fragments of mantle material can account for the

unradiogenic Os isotope compositions of some, it is not capable alone

of producing the observed variations in Pb isotope compositions. Rather

the observed shift for Pb isotopes is the result of mixing of lavas derived

from DMM and HIMU sources. Hence the most plausible scenario to

produce the Pb–Os geochemical characteristics of Annobon samples

should include both processes that acted jointly.

These data highlight the challenge often faced in the interpretation

of Os isotope data in basalts, in that Os poor basaltic magmas are highly

sensitive to both physical and chemical contaminations, co-variations

with other elements or isotopes cannot be assumed to be related to

the same process, particularly when considered in isolation. In the

present study any potential primary source variations in Os have been

masked by the effects of physical contamination of the basalts.

5.3. Implications for the origin of the Cameroon volcanic line

Several models have been proposed for the formation of the CVL,

generally they can be grouped into two categories, plume and non-

plume models. Before considering the different petrogenetic models

proposed for the origin of CVL, the major geochemical observations

are summarised here.

If the data showing values beyond those encountered in OIB due to

contamination by the continental crust are ignored, the range of

187Os/188Os and 206Pb/204Pb ratios reported in this study and elsewhere

(Halliday et al., 1988; Lee et al., 1994) points to the involvement of two

main mantle end-member reservoirs, depleted MORB upper mantle

(DMM) and the so called high-μ mantle (HIMU). There is no evidence

for the involvement of EM1 end-member based on isotope data distri-

bution in Pb–Os–Nd space. Such involvement was reported by Lee

et al. (1994) on the basis of Pb–Sr–Nd isotope variations for Annobon

lavas. However, only Pb isotopes vary within oceanic islands of the

CVL. Furthermore unradiogenic and more restricted Os and Pb isotope

ratios in Annobon lavas do not require such an enriched component. It

is widely considered that radiogenic Pb and Os isotope ratios seen in

HIMU basalts reflect the presence of basaltic material that has been

recycled back into the mantle at subduction zones (Hofmann, 1997).

Recycled oceanic crust likely possesses elevated U/Pb and Re/Os ratios

relative to the bulk silicate Earth, and if isolated for a long period of

time (e.g. 0.5–2 Ga; Becker, 2000; Dale et al., 2007), will evolve to radio-

genic Pb and Os isotope compositions. Therefore, the HIMU component

is likely to originate fromboundary layers in themantle, where this long

term isolation can occur (Allègre and Turcotte, 1985; Davies and

Richards, 1992; Loper, 1991), which may be located either above the

660 km seismic discontinuity or above the core–mantle boundary at

2900 km.

As reported earlier, CVL comprises 12 major volcanic centres, the

products of which range in age from 30 Ma to the present. In addition

there are 17 plutonic complexes in the continental sector, which range

in age from 65 to 30 Ma (Cantagrel et al., 1978; Fitton and Dunlop,

1985; Lasserre, 1978). There has been no systematic change in the

focus of magmatism during this entire period (Fitton and Dunlop,

1985). Because the African plate has moved during the past 65 Ma,

the absence of any migration or age progression of the volcanic centres

is at odds with conventional hotspot models (Fitton and Dunlop, 1985;

Halliday et al., 1988, 1990). Such observations rule out the hypothesis of

single stationary plume anchored in the deep mantle beneath the CVL.

Spatial and temporal variations in Pb isotope ratios observed in the

oceanic sector of the CVL led some authors to suggest amodel of gradual

incorporation of a HIMU component with time as older lavas at a given

locality tend to have less radiogenic Pb and becomemore radiogenic for

recent basalts (e.g. b10Ma; Halliday et al., 1990; Lee et al., 1994). All in-

vestigated samples in this study, except one, were young so it is not pos-

sible to confirm the existence of any temporal variations in the osmium

isotope composition. For instance samples P119 and P102 fromPrincipe

island (which are 20.6 and 5.9 Ma old, respectively) yield similar
187Os/188Os compositions of 0.133 and 0.128, respectively. At least

with these two samples no noticeable temporal variation of
187Os/188Os is detected. However more data is still needed to draw ro-

bust statement on temporal evolution for Os isotopes. To illustrate the

magnitude of the geographical control on the distribution of
187Os/188Os and 206Pb/204Pb, the ranges of uncontaminated samples

against the normalised distance for each locality from Annobon are

shown in Fig. 8. This figure shows that for relatively young lavas

(b10 Ma) there is no systematic decrease of 206Pb/204Pb and
187Os/188Os from the COB towards the oceanic end of the CVL. The

space variation for both isotope ratios observed in the oceanic sector

of the CVL does not support the model of gradual incorporation of

HIMU component (Lee et al., 1994). Principe which is closer to the

COB should be more radiogenic than S. Tomé and Annobon which is

not the case. While the source in the COB seems to be enriched, the

Os–Pb systematics in Annobon Island are similar to that observed in

manyAtlanticMORBs (Gannoun et al., 2007;Hofmann, 1997). This is in-

triguing because Annobon lavas share in the same time trace element

pattern similar to the rest of the CVL (Lee et al., 1994). Principe, S.

Tomé and Annobon are unlikely to originate from the same mantle

source since each island seems to record different positions in Os–Pb

isotope ratio space. It seems that each island is fed by individual and

small scale thermal upwelling. Such configuration is in agreement to

what was suggested by Burke (2001) who proposed that a change in
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plate motion around 30 Ma may have generated new upper mantle

small-scale convection cells (~100 km diameter), and this slowdown

could explain the increase of volcanism intensity around 30Ma as result

of increasing the strength of the convective flow regime. However, if

such a hypothesis can explain the geochemical data in the oceanic sec-

tor it does not explain themuch older plutonic activity in the continen-

tal sector (30–65 Ma) nor indeed the mechanism of melting.

Using their new evidence on seismic velocity in the upper mantle

beneath western Africa, Reusch et al. (2010) discussed the implications

of their tomographic images for geodynamic models that address the

origin of the CVL. Both P and S waves show that the thermal anomaly

continues along the CVL onshore and offshore and yield a nearly uni-

form transition zone thickness at depths of 410 and 660 km. This hot

mantle is probably behind the observed negative gravity anomaly be-

neath CVL (Djomani et al., 1997). The near vertical sides of the anomaly

and its extent at depth cannot be easily reconciled with the models of

the origin of the CVL that invoke plumes (Burke, 2001; Ebinger and

Sleep, 1998; Griffths and Campbell, 1990;Morgan, 1983) or decompres-

sion melting under reactivated shear zones (Fairhead and Binks, 1991).

However it is consistent with a model invoking edge-flow convection

driven by lateral variations of lithospheric thickness along the northern

boundary of the Congo Craton lithosphere (King, 2007; King and

Ritsema, 2000) especially for the continental volcanism. To explain the

linear nature of the oceanic part, Reusch et al. (2010) suggest the up-

welling of warm material in the convective eddy being channelled

along the presumed location of the Cameroon Fracture Zone (Fig. 1).

Upwelling could also cause the reactivation of preexisting Pan-African

lithospheric fractures. However as edge-driven convection is a ‘weak

flow’, it is probably only relevant after the African plate slowed down

significantly (i.e. b30 Ma). Therefore since the oceanic lithosphere was

developed at that time, edge-driven convection circumscribing the

Congo Craton alone can explain the current distribution of volcanic cen-

tres, without calling on a special fracture-zone channelling mechanism,

especially since the fracture zone is unlikely to affect the mantle at

300+ km depth. This model can explain the progressive feeding of vol-

canism starting at Principe and to the south-western islands of Sao

Tomé andAnnobon. It can also explain thedelayed start ofmagmatic ac-

tivity until 65Mabecause the convective eddywas not fully established.

6. Concluding remarks

Young alkali basalts (b10Ma) from the Cameroon volcanic line indi-

cate a clear geographical control on the variability of Os isotopes, show-

ing parallels with Pb isotopes. As for Pb, the Os isotope composition of

“uncontaminated” lavas is found to be present at the continent–ocean

boundary zone at Mt Cameroon, where the HIMU signature attributed

to these lavas shows the Os isotopic signature of ~0.15–0.16, consistent

with the Os composition attributed to HIMU elsewhere (e.g. Hauri and

Hart, 1993; Marcantonio et al., 1995; Reisberg et al., 1993; Schiano

et al., 2001). Many other nearby samples from the continental sector

yield unexpectedly radiogenic 187Os/188Os compositions between 0.36

and 0.56, outside the range of other ocean island basalts. Lavas at

these localities have most probably interacted with continental crust

leading to increasingly radiogenic 187Os/188Os, higher SiO2 and a shift

to less radiogenic 206Pb/204Pb ratios. Simplemodelling suggests that be-

tween 8 and 16% of crustal contamination has occurred and that both

upper and lower continental crust could have been involved. Such a pro-

cess appears to have not significantly modified the Nd isotopic composi-

tions. Ultramafic xenoliths from the SCLM beneath continental sector of

CVL yield without exception unradiogenic, sub-chondritic, 187Os/188Os

compositions ruling out the involvement of sub-continental lithospheric

mantle for the radiogenic Os isotope ratios observed in the continental

CVL lavas.

In contrast, for the oceanic sector the systematic shift in lead isotope

composition to unradiogenic values from the COB ocean-wards is posi-

tively correlated with decreases in 187Os/188Os (from 0.140 to 0.128).

This co-variation might be attributed to the mixing of plume material

(HIMU)with the ambient upper mantle (DMM) leading to the decrease

of 206Pb/204Pb. However, the Os isotope and Os and Ni elemental varia-

tions aremore readily explained by the presence ofmantlematerial (xe-

noliths and xenocrysts) that contaminate themantle derivedmelts. This

is consistent with the Re–Os isotope data for minerals separated from

the oceanic basalts. In particular, these data indicate that inclusion-

rich olivine possesses an unradiogenic Os isotope composition consis-

tentwith amantle origin. Overall, these results indicate that for osmium

isotope system mantle derived basalts, both OIB and MORB, are highly

susceptible to contamination, and covariations with other isotopes

and/or elements must be interpreted with caution.
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Fig. 8. Comparison of 187Os/188Os and 206Pb/204Pb ratios along the oceanic sector of the

CVL. Plotted isotope ratio data for Os are from this study and the corresponding Pb isotope

data are from Barfod (1999). Samples with highly radiogenic Os are excluded from the

diagrams (crustal contamination). The black boxes represent data compilation from liter-

ature. Lead data are fromHalliday et al. (1988, 1990) and Lee et al. (1994). Volcanoes at the

COB show the highest 187Os/188Os and 206Pb/204Pb. Annobon which is at the end of the

oceanic sector of the CVL possesses MORB like signature for Os and Pb isotope ratios.

More Os analyses are clearly needed for Principe to constrain the overall variability in

this island.
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