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A B S T R A C T   

We report whole-rock geochemistry and Sr–Nd–Pb isotopic compositions of mafic dykes intruded in the Pre-
cambrian granito-gneissic basement complex, exposed at Nyos, Batibo, Dschang and Foumban on the Cameroon 
Line. The dykes are alkaline (Batibo), transitional (Foumban), and subalkaline (Nyos, Batibo and Dschang) with 
SiO2 of 45–54 wt% and MgO of 2–9 wt%, similar to dykes reported in other areas of the Cameroon Line (CL) and 
the Central Atlantic Magmatic Province (CAMP). The abundances of rare earth elements (REE) and the Primitive 
Mantle normalised patterns for the Nyos, Batibo and Dschang dykes are similar to those of MORB, indicating that 
the dykes formed at shallower depths by a higher degree of partial melting relative to the Foumban dykes and the 
alkaline lavas of the CL. The transitional basaltic dykes with steeper REE patterns have their sources at deeper 
levels in the lithospheric mantle, possibly the garnet-spinel transition zone and were generated by a lower degree 
partial melting of the lithospheric and plume components. The Nyos and Batibo subalkaline dykes show similar 
isotopic compositions with a spectrum extending from depleted (DMM-like) to enriched (EM1-like) mantle, 
indicating the similarity in their source components. The Dschang dykes show distinct isotopic characteristics 
with relatively unradiogenic Nd-Pb isotope compositions compared to the Batibo and Nyos dykes. The Foumban 
transitional dykes with characteristic wide ranges in Sr-Nd-Pb isotopic compositions reveal varying contributions 
from enriched mantle components (EM1 and EM2) in addition to its plume signature similar to those of CL lavas. 
The Nyos and Batibo dykes alongside other dykes on the CL have low TiO2 abundances (<2 wt%), negative PM- 
normalised Nb-anomalies, and moderately to strongly enriched REE patterns, and isotopic composition that 
overlaps with those of CAMP, suggesting a similar lithospheric origin.   

1. Introduction 

The Cameroon Line (CL) comprises both oceanic and continental 
volcanic massifs (Cameroon Volcanic Line, CVL), minor intrusions (sills 
and dykes) and anorogenic plutonic complexes. Research on the CL has 
focused more on the volcanic massifs (Fitton and Dunlop, 1985; Halliday 
et al., 1990; Marzoli et al., 1999; Marzoli et al., 2000; Deruelle et al., 
2007; Yokoyama et al., 2007; Aka et al., 2008; Kamgang et al., 2013; 

Njome and De Wit, 2014; Asaah et al., 2015a) and Precambrian plutonic 
basement complexes (Dumort, 1968; Tagne Kamga, 2003; Njonfang 
et al., 2006; Kwékam et al., 2010, 2013; Tchouankoué et al., 2016). 

The CVL is a linear chain of Cenozoic-Recent volcanoes with similar 
geochemical characteristics, extending from the Island of Annobon in 
the Gulf of Guinea through the continent-ocean-boundary (COB) to 
mainland Africa (Fig. 1a; Fitton and Dunlop, 1985; Halliday et al., 
1990). The source of these lavas has received much attention within the 
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last four decades, from a purely asthenospheric source based on their 
trace element composition (Fitton and Dunlop, 1985) to a combination 
of asthenospheric and lithospheric sources based on their isotopic 
composition (Halliday et al., 1990; Deruelle et al., 2007; Yokoyama 
et al., 2007; Njome and De Wit, 2014; Asaah et al., 2015a, 2020, 2021). 

Dykes occur in various geologic and tectonic settings, and their 
detailed study in space and time is indispensable in understanding 
several geological events (Aka et al., 2018). Most dykes are related to 
continental rifting. Dykes have a broad spectrum of chemical composi-
tion ranging from basic to felsic. However, mafic dykes are more 

Fig. 1. Geologic map of the study area. a) presentation of the Cameroon Volcanic Line, b) Geologic and tectonic map of Cameroon, and c) Geologic map of the 
studied areas. Thick lines: shear zone (SZ); BSZ: Balche SZ; BNMB: Buffle Noir–Mayo Baleo; CCSZ: Central Cameroon SZ; GGSZ: Godé– Gormaya SZ; MNSZ: Mayo 
Nolti SZ; RLSZ: Rocher du Loup SZ; SSZ: Sanaga SZ. 
Adapted from Asaah et al. (2015a) and Tchaptchet et al. (2017). 
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common and host useful information on magmatism and tectonism in 
the continental crust. Understanding the emplacement and geochemical 
composition of basaltic dykes along the CL has received less attention 
(Tchouankoue et al., 2012; Tchouankoue et al., 2014; Aka et al., 2018; 
Tchaptchet et al., 2017; Kouamo et al., 2019). Dykes and sills of basaltic 
composition with typical subalkaline/transitional character have been 
described in parts of the continental sector of the Cenozoic CVL 
(Ngounouno et al., 2001; Tchouankoue et al., 2012; Tchouankoue et al., 
2014; Aka et al., 2018; Tchaptchet et al., 2017; Kouamo et al., 2019). For 
consistency and easy understanding, we limit the Cameroon Volcanic 
Line (CVL) to the Cenozoic volcanoes, while the CL comprises anoro-
genic plutonic complexes, Precambrian basement complex, dykes, sills 
and CVL developed on the Central Cameroon shear zone. The K-Ar 
(feldspar) ages of alkaline dykes (231.1 ± 4.8 Ma; Aka et al., 2018) and 
K-Ar (feldspar) and Ar-Ar (whole-rock) ages of subalkaline dykes 
(43–421 Ma; Ngounouno et al., 2001; Tchouankoue et al., 2014; Aka 
et al., 2018) on the CL are an indication that they are older than the 
Cenozoic volcanic activities of the CVL (Fitton and Dunlop, 1985; 
Marzoli et al., 2000; Aka et al., 2004; Kamgang et al., 2013). The major 
challenge remains a dense sampling and the generation of comprehen-
sive petrological, geochemical and geochronological data to better un-
derstand their petrogenesis and tectonic relationship (Aka et al., 2018). 

In this study, we use new geochemical and Sr–Nd–Pb isotope data for 
alkaline and subalkaline dykes from four locations in the continental 
sector of the CVL and CL to investigate their petrogenesis and constrain 
their relationship with CVL magmatism. 

2. Regional tectonic setting and magmatism 

The Cameroon Line (CL) is an important geologic structure in West 
Africa (Fitton and Dunlop, 1985; Halliday et al., 1988; Aka et al., 2004; 
Njome and de Wit, 2014; Merle et al., 2017) superimposed on the 
Central Cameroon shear zone (CCSZ; Browne and Fairhead, 1983; 
Fairhead, 1988). Unlike the Cameroon Volcanic Line (CVL) that consists 
of Cenozoic volcanoes aligned on the CCSV, the CL comprises anoro-
genic plutonic complexes, Precambrian basement complex, dykes, sills 
and CVL developed on this mega tectonic structure (Fig. 1b). 

The Precambrian units outcropping in Cameroon are the 2883–3266 
Ma Ntem complex (Takam et al., 2009), representing the northernmost 
part of the Congo Craton and the Neoproterozoic Pan African domain. 
The Precambrian domain of southwestern Cameroon was formed 
following the convergence and collision between the West African and 
Congo-São Francisco cratons along the Pan-African mobile belts 
(530–800 Ma: Meert and Voo, 1997; Ganwa et al., 2008; Penaye et al., 
2004). The Precambrian in Cameroon was affected by N30◦ to N70◦E 
striking shear zones, characterised by early transpressional tectonics 
followed by a transtensional regime (Ngako et al., 2003) that marked the 
final assembly of the Central African fold belt in Cameroon. Fractures act 
as pathways for Paleozoic and Mesozoic tholeiitic basalts thought to be 
related to the reactivation of the CCSZ in relation to the rifting and 
opening of the South Atlantic Ocean (Tchouankoue et al., 2014). 

Other important magmatic structures adjacent to the CL include the 
Benue trough (BT) and the Jos Plateau (Fig. 1a insert). The earliest 
magmatism in the Jos plateau is represented by Norian (213 Ma) ring 
complexes (Bowden et al., 1976). Meanwhile, the oldest activity in the 
BT is Tithonian (147 Ma; Maluski et al., 1995). Recent studies have 
documented that the CL host older magmatic activities outcropping as 
dykes in the Nyos area (231.7 ± 4.8 Ma; Aka et al., 2018), Maham and 
Dschang (404.2 ± 3.51 Ma and 421.3 ± 3.5 Ma, respectively; 
Tchouankoue et al., 2014). Older dykes along the CL are thought to have 
been associated with the development of Silurian to Jurassic intra-
continental rift systems in West Central Africa (Tchouankoue et al., 
2014; Aka et al., 2018). 

The magmatism of the Cameroon Line (CL) forming the older dykes, 
granitic plutons and the Cenozoic–recent alkaline basalts and subalka-
line lavas (CVL magmatism) are comparable to the Mesozoic to recent 

volcanism in the Maranhao Plateau of Northeastern Brazil, which con-
sists of subalkaline dykes (older) and alkaline lavas (younger). Accord-
ing to White and McKenzie (1989), if the geology of South America is 
compared to that of West Africa (Reconstruction of the central Atlantic 
region), the Mesozoic flood basalts of northeastern Brazil will lie in 
proximity to the diabase dykes of Liberia and the gabbro complex in 
Sierra Leone (Faure, 2001). Likewise, Mesozoic dolerite dykes in 
southeastern Nigeria have been interpreted to be related to the early 
stages of rifting during the formation of the Benue trough (Ekwueme, 
1994; Coulon et al., 1996). Also, Mesozoic diabase sills and basaltic 
flows that outcrop along the east coast of North America recorded 
magmatic activities linked with the opening of the North Atlantic Ocean 
(Faure, 2001). Therefore, Mesozoic magmatism in the African plate was 
mainly associated with rifting of the continent. The dykes studied on the 
CL complements the gap in magmatic activity between the Precambrian 
basement, anorogenic complexes (73–30 Ma) (Guiraud et al., 1992; 
Lasserre, 1978) and the CVL (51 Ma–present; Aka et al., 2004; Fitton and 
Dunlop, 1985; Marzoli et al., 2000). 

3. Sampling 

Thirty samples from twelve basaltic dykes outcropping on the CL; 
Nyos area (n = 2), Batibo (n = 4), Dschang (n = 2) and Foumban (n = 4) 
were collected for this study (Fig. 1c). We also incorporated literature 
data for dykes studied from these areas (Tchouankoue et al., 2012; 
Tchouankoue et al., 2014; Tchaptchet et al., 2017; Aka et al., 2018; 
Kouamo et al., 2019). The dykes are mostly subalkaline or tholeiitic and 
alkaline, with an observable baked and chilled margin between the 
country rock and the dykes. The samples were collected from fresh 
portions at the centre of each dyke. The studied dykes outcrop as single 
dykes and composite dyke. Within the composite dyke, the contact be-
tween the subalkaline and alkaline dyke in the Batibo area was not easily 
distinguishable. The orientation of the dykes follows a general N30◦ to 
N80◦E direction, similar to the direction of the CCSZ. 

3.1. The Batibo dykes (Oku Volcanic Group) 

The Batibo dykes are located in the Bamenda volcanic district of the 
Oku Volcanic Group or OVG (Asaah, 2015). Volcanic rocks in the 
Bamenda district range from primitive basanites and basalts to more 
evolved trachytes and rhyolites (Marzoli et al., 2000; Kamgang et al., 
2013; Asaah et al., 2015a). Along the Bamenda-Mamfe highway, a series 
of exposed dykes (three dykes with one composite dyke) consisting of 
two alkaline dykes (OVG210-1 to OVG210-6 and OVG211-4&5) and two 
subalkaline dykes (OVG 211-2&3, OVG211-6 to OVG 211-9, and 
OVG212-1&2) were studied in the Batibo area (Fig. 2a & b, respec-
tively). One of the subalkaline dyke occurs as a composite dyke with 
successive intrusions (Fig. 2b), which was intruded by one of the alka-
line dyke. Field observation of the dykes indicates at least two 
emplacement sequences: a) the first stage involved the intrusion of a 
subalkaline dyke into the Precambrian basement, and b) the second 
stage involved the intrusion of an alkaline dyke into the subalkaline 
dyke. All samples from the Batibo dykes are fine to medium-grained and 
dark to grey in colour. 

3.2. The Nyos dykes 

The Nyos volcano is one of the stratovolcanoes that make up the Oku 
Volcanic Group (OVG) of the CVL. The Nyos volcano is typically 
composed of mafic volcanic rocks (basanite, basalt and trachy-basalt) 
with no felsic volcanic rocks reported (Aka et al., 2008, 2018; Asaah 
et al., 2015b; Hasegawa et al., 2019). The volcanic rocks host fresh 
peridotite xenoliths (Teitchou et al., 2011; Temdjim, 2012). Like the 
other volcanoes along the CVL, the volcanic rocks and dykes at Nyos 
erupted and cut through highly faulted Precambrian granitic basement 
rocks (Fig. 1b & c; Dunlop, 1983; Lasserre, 1978). Dykes in the Nyos area 
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outcrop (about 50 cm each in width) on the NE border of Lake Nyos and 
are vertically dipping with a N70◦E trend and intrude the Terreneuvian 
quartz monzonite cliff. Samples were collected from two in-situ dykes (n 
= 2) and clasts (n = 5) of about 3–14 cm diameter around the lake. These 
clasts appear similar to the weathered surfaces of the in-situ dykes and 
are different from alkaline lavas at the macroscopic level. 

3.3. The Dschang-Santcho and Foumban dykes (Mt. Bambouto) 

Dschang is a locality on Mt. Bambouto, one of the major polygenetic 
volcanoes along the CVL. Volcanic products of Mt. Bambouto are lavas 
ranging in composition and character from basalts and basanites to more 
evolved trachyte, rhyolite, phonolites, and ignimbrites (Marzoli et al., 
1999; Marzoli et al., 2000; Nkouathio et al., 2008; Kagou et al., 2010; 
Gountié Dedzo et al., 2012; Merle et al., 2017). Two dykes denoted DS1 

and DS2 (DS referring to Dschang-Santcho) were sampled along the 
Dschang-Santcho escarpment located on the foot of Mt. Bambouto 
(Fig. 1c). The dykes cut through a granitic basement with partially 
assimilated basement materials observed in some portions of the dykes. 

Foumban is a locality in the Noun plain of Mt. Bambouto. Like other 
volcanic fields of Mt. Bambouto, volcanic rocks in this area range from 
mafic to the felsic end members. Four mafic dykes ranging from 40 cm to 
4 m in width, intruding granitic basements were sampled (Fig. 2d) along 
the Foumban-Ngaoundere highway. 

4. Analytical methods 

Samples for whole-rock analyses were jaw-crushed and chips of ~5 
mm in diameter devoid of hammer and saw marks were handpicked. The 
jaw crusher was thoroughly cleaned with pressurised air followed by 

Fig. 2. Photographs of some outcrops in the localities studied. a) Batibo alkaline dyke, b) Batibo subalkaline dyke, c) Dschang dyke, and d) Foumban dyke.  
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deionised water after processing each sample. Selected chips were 
repeatedly washed with deionised water in an ultrasonic bath for 20 
min. The final cleaning was done with acetone in an ultrasonic bath for 
5 min. Samples were dried overnight at 110 ◦C. All samples were further 
checked for purity before pulverisation in an agate mill (FRITSCH 
planetary mill pulverisette 5). Rejected chips at this stage were first 
pulverised to clean the mill after first cleaning with reagent grade silicon 
dioxide. 

Major elements and some minor elements, including Cr, Co, Ni, V 
and Sc, were analysed by X-ray fluorescence (XRF) spectrometry, using a 
Rigaku RIX 2100 at the Graduate School of Science Osaka City Univer-
sity in Japan. For the determination of 22 lithophile trace elements (Rb, 
Sr, Y, Cs, Ba, REEs, Pb, Th and U), ~50 mg of rock powders were 
digested using HF, HNO3 and HClO4 following the method described by 
Yokoyama et al. (1999). The abundances of these elements were 
determined with inductively coupled plasma mass spectrometry 
(ICP–MS; X–series II, Thermo–Fisher Scientific) at Tokyo Institute of 
Technology, Japan, by the calibration curve method with double in-
ternal standards (In + Tl) using a reference rock material JB–3 (basalt; 
Geological Survey of Japan) as the standard (Yokoyama et al., 2017). In 
addition, high field strength elements (HFSEs: Zr, Nb, Hf and Ta) were 

separately analysed following the method described in Makishima et al. 
(1999). Typical analytical precision (2σ) was 5% for Y and Ta, 4% for Nb 
and Pb, and <3% for the other trace elements. 

Isotope analyses for Sr, Nd and Pb were performed using thermal 
ionisation mass spectrometry (TIMS) on a Triton plus (Thermo–Fisher 
Scientific) at Tokyo Institute of Technology. The ratios of 87Sr/86Sr and 
143Nd/144Nd were corrected for internal mass fractionation using 
86Sr/88Sr = 0.1194 and 146Nd/144Nd = 0.7219, respectively. Repeated 
analyses of standard materials NIST 987 (measured value: 87Sr/86Sr =
0.710264 ± 3) and JNdi–1 (measured value: 143Nd/144Nd = 0.512108 
± 1) was used to correct the results for Sr and Nd, respectively. Mea-
surements of these standards were carried out during the same analyt-
ical period and were finally normalised using the recommended values 
of 87Sr/86Sr = 0.71025 (accepted NIST 987) and 143Nd/144Nd =
0.512115 (Tanaka et al., 2000). Typical analytical reproducibility (2σ) 
was 0.005% for Sr and Nd. Lead isotope ratios were precisely measured 
by the standard “double spike method” using the 204Pb-207Pb spikes as 
described in Hamelin et al. (1985), Kuritani and Nakamura (2003) and 
Rudge et al. (2009). Typical analytical precision (2σ) for 206Pb/204Pb, 
207Pb/204Pb and 208Pb/204Pb were 0.01%. 

Fig. 3. Photomicrographs for representative samples of Nyos dyke (a &b), Batibo alkaline dykes (c & e), Dschang dyke (d), Batibo alkaline dyke.  

A.N.E. Asaah et al.                                                                                                                                                                                                                             



Geochemistry xxx (xxxx) xxx

6

5. Results 

5.1. Petrographic description 

Photomicrographs of thin sections of representative samples of 
subalkaline dykes (Nyos and Batibo) and alkaline dykes (Batibo) are 
presented in Fig. 3. The subalkaline dykes are relatively fresh and pre-
sent large (up to ~3 mm) holocrystalline aggregates of clinopyroxenes 
and plagioclase with few olivine crystals (Fig. 3a–e). The clinopyroxenes 
occur as large ophitic masses enclosing laths-shaped crystals of feldspars 
and microlites. The groundmass is formed by labradorite, thin olivine, 
augites and opaque oxide grains. Plagioclase and olivine phenocrysts are 
frequently altered to clay minerals and iddingsites. The olivine crystals 
are commonly enclosed in the clinopyroxene and stained brown with 
limonite, especially at its rims (Fig. 3). The large plagioclase crystals are 
almost equigranular with characteristic polysynthetic twinning. The 
alkaline samples are dark in colour, with phenocrysts of olivine, clino-
pyroxene and opaque minerals (<2 mm) spread in a fine-grained 
plagioclase dominated matrix (Fig. 3d). The olivine is altered to 
iddingsite, resulting in the characteristic cloudy and brownish colour 
under the microscope. Pyroxene, amphibole, magnetite, pyrite, and 
olivine with high iron content are commonly altered by oxidation to 

produce iron oxide minerals such as hematite and limonite. In contrast, 
plagioclase minerals commonly undergo hydrolysis to produce clay 
minerals. 

5.2. Major elements 

Major elements for samples from Nyos, Batibo, Dschang and Foum-
ban dykes are presented in Table 1. The abundances of SiO2 and MgO 
range from 45 to 54 and 2–9 wt%, respectively. Except for the samples of 
dyke OVG210 (OVG210–1 to OVG210–6) having a loss on ignition (LOI) 
ranging from 5 to 7 wt%, the samples from other dykes have LOI values 
less than 3.5. The total abundances of major elements have been 
recalculated to 100% on an anhydrous basis. Added to our plots are data 
from other dykes studied on the CL, including Dschang and Bangante 
(Tchouankoue et al., 2012), Manjo (Kouamo et al., 2019) and Kenkem 
(Tchaptchet et al., 2017). The samples plot in the fields of basanite, 
basalts, trachybasalts and basaltic trachy-andesite on the total alkaline 
versus silica diagram (Fig. 4) of Le Bas et al. (1986). Most of the samples 
(>80%) are subalkaline/transitional, while the remaining 20% are 
alkaline based on the classification by Irvine and Baragar (1971). All the 
samples analysed from Nyos are subalkaline. At the same time, some 
dykes in the Batibo area are alkaline, and others are subalkaline. 

Table 1 
Major and trace elements compositions for dykes from Nyos, Batibo, Dschang and Foumban along the Cameroon Line.  

Nyos dykes Batibo dykes  

OVG17 OVG19 OVG26 OVG27 OVG29 OVG214 OVG217 OVG210-1 OVG210-2 OVG210-3 OVG210-4 OVG210-5 OVG210-6 OVG211-2 OVG211-3 

SiO2 49.8 49.9 50.1 49.4 49.5 48.5 50.0 45.5 42.2 42.2 44.2 41.6 43.2 47.3 47.6 
TiO2 1.35 1.41 1.55 1.38 1.39 1.71 1.16 3.10 2.88 3.02 3.00 2.85 2.93 1.58 1.59 
Al2O3 15.6 15.1 15.0 14.8 15.9 16.1 15.5 15.8 15.2 15.3 15.5 15.0 15.5 14.6 14.9 
Fe2O3t 13.1 13.8 14.2 13.9 13.2 12.1 13.3 13.8 14.2 14.4 13.7 12.2 10.9 13.4 13.2 
MnO 0.17 0.18 0.18 0.18 0.16 0.16 0.17 0.233 0.181 0.260 0.263 0.214 0.202 0.170 0.145 
MgO 7.47 7.60 7.12 7.80 7.06 8.34 8.08 2.08 3.25 2.09 2.09 2.38 1.73 8.22 7.46 
CaO 9.50 9.21 9.52 9.17 9.35 6.95 9.39 6.75 9.27 8.99 8.33 11.6 11.0 8.83 8.88 
Na2O 2.94 2.96 2.99 2.92 3.05 2.31 3.01 2.95 3.54 3.11 3.20 3.77 3.45 2.73 2.70 
K2O 0.43 0.37 0.44 0.34 0.49 0.95 0.29 1.53 1.44 1.34 1.44 1.45 1.45 0.74 0.87 
P2O5 0.14 0.14 0.16 0.13 0.15 0.38 0.11 2.85 2.70 2.89 2.77 2.65 2.68 0.20 0.20 
Total 101 101 101 100 100 97.5 101 94.7 94.7 93.6 94.5 93.7 93.1 97.8 97.5 
LOI 0.110 0.140 0.140 0.130 0.200 2.400 0.110 4.80 4.50 6.20 5.50 6.10 6.80 2.15 2.35 
Cr 154 199 164 193 131 240 218 4.21 3.69 3.43 3.16 2.57 lld 233 235 
Ni 162 186 141 192 156 146 201 lld 0.161 0.715 1.52 lld lld 206 200 
Co 54.4 57.0 51.6 55.8 52.1 49.0 56.5 11.4 17.1 20.4 12.7 15.6 12.8 54.6 56.0 
V 173 188 190 192 164 179 174 63.5 58.0 67.5 58.6 55.7 59.0 191 195 
Zn 103 110 116 109 103 100 102 211 154 207 216 177 229 106 107 
Rb 11.4 8.19 10.2 6.89 12.1 52.3 7.2 26.3 19.9 22.2 24.3 19.5 23.2 23.6 29.6 
Sr 230 193 242 202 240 487 203 1034 1439 1416 1266 1571 1440 300 312 
Y 16.1 18.8 19.0 18.4 17.3 20.4 15.7 42.7 47.3 49.4 44.2 43.1 47.7 18.2 18.6 
Zr 62.8 60.2 72.9 53.3 75.4 121.3 56.1 318 309 296 306 302 309 110 100 
Nb 6.74 6.08 7.70 5.78 7.32 21.56 5.00 61.8 57.1 58.4 60.3 58.8 60.5 11.9 11.6 
Cs 3.6 1.6 3.3 0.6 2.3 1.1 0.8 5.9 2.1 3.9 4.1 1.5 3.8 23.9 23.6 
Ba 128 124 166 136 141 415 116 514 589 529 586 639 573 216 208 
La 7.0 5.9 8.1 5.7 7.7 23.0 4.8 50.5 61.7 65.2 69.5 57.1 66.2 11.4 11.3 
Ce 15.3 13.6 17.8 13.0 16.9 50.1 11.1 145 132 145 143 136 150 25 25 
Pr 2.01 1.86 2.34 1.78 2.21 5.87 1.53 21.4 19.3 21.2 20.7 19.8 21.4 3.1 3.1 
Nd 9.52 9.19 11.1 8.8 10.4 24.7 7.61 98.5 89.7 98.6 95.5 91.6 97.0 14.2 14.2 
Sm 2.61 2.71 3.06 2.60 2.83 5.08 2.27 19.3 18.2 19.6 18.9 18.4 19.1 3.5 3.5 
Eu 1.03 1.06 1.17 1.04 1.10 1.63 0.96 7.00 7.02 7.22 6.89 6.88 6.98 1.20 1.21 
Gd 3.39 3.63 3.92 3.49 3.63 5.63 3.07 19.3 18.8 19.8 18.7 18.5 19.2 4.2 4.2 
Tb 0.55 0.62 0.64 0.60 0.59 0.78 0.52 2.26 2.27 2.35 2.23 2.19 2.29 0.64 0.64 
Dy 3.46 3.98 4.03 3.83 3.71 4.45 3.36 11.0 11.2 11.6 11.0 10.7 11.3 3.95 3.93 
Ho 0.68 0.79 0.79 0.77 0.72 0.85 0.66 1.85 1.91 1.99 1.87 1.81 1.97 0.78 0.77 
Er 1.83 2.14 2.13 2.08 1.96 2.31 1.81 4.51 4.66 4.91 4.55 4.47 4.94 2.12 2.10 
Tm 0.25 0.29 0.29 0.29 0.26 0.31 0.25 0.51 0.53 0.55 0.52 0.51 0.58 0.29 0.29 
Yb 1.56 1.86 1.82 1.80 1.67 1.98 1.57 2.93 3.09 3.20 3.04 3.05 3.42 1.84 1.81 
Lu 0.23 0.27 0.27 0.27 0.24 0.29 0.23 0.39 0.43 0.44 0.42 0.41 0.47 0.27 0.26 
Hf 1.82 1.84 2.10 1.59 2.21 3.28 1.68 7.38 7.29 6.95 7.20 7.00 7.22 2.92 2.75 
Ta 0.37 0.33 0.44 0.32 0.40 1.18 0.26 3.17 3.01 2.98 3.10 3.04 3.08 0.58 0.56 
Pb 1.87 1.03 1.62 1.00 1.54 2.58 0.88 1.31 2.35 2.98 1.63 1.90 2.25 1.61 1.60 
Th 0.86 0.54 1.01 0.49 0.97 2.45 0.42 4.15 3.89 3.93 4.13 3.97 4.21 0.92 0.85 
U 0.21 0.15 0.25 0.14 0.24 0.60 0.12 1.28 1.23 1.24 1.21 1.24 1.29 0.25 0.24 
Fe2O3/FeO = 0.15                 
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Interestingly, amongst all samples outcropping as composite dykes in 
the Batibo area, two samples (OVG211–4 and 211–5) are alkaline, while 
the others are subalkaline (OVG2011–2 & 3 and OVG211–6 to 2011–9). 
The Foumban dykes plot close to the alkaline/sub–alkaline discrimina-
tion line and is referred to as transitional basalts. On a plot of MgO (wt 
%) versus other major element oxides (Fig. 5), the compositions of Na2O, 
K2O, TiO2 and P2O5 (wt%) show a negative correlation (Fig. 5a–d). SiO2, 
Al2O3, CaO and MnO show no clear correlation with MgO (wt%; 
Fig. 5e–h). Most samples with MgO > 6 (wt%) show a high degree of 
clustering relative to those with MgO < 6 (wt%). The alkaline dykes of 
the Batibo area have higher concentrations in TiO2 and P2O5 than the 
other dykes (Fig. 5c & d). 

5.3. Trace elements 

Results for minor elements and trace elements are presented in 
Table 1. Except for the Batibo alkaline dykes having low values of Cr, Ni, 
and Co (≤3.4, ≤2.8, and 11.4–20.4 ppm), all of the dykes (Batibo sub-
alkaline dykes, Foumban, Dschang and Nyos) have high values of Cr, Ni 
and Co abundances (131–330, 105–284, and 35.1–70.0 ppm, respec-
tively). Incompatible alkaline and alkaline-earth elements such as Ba, Sr, 
Rb are higher in the alkaline and transitional basaltic dykes than the 

subalkaline basaltic dykes. The abundances of Ni and Co (ppm) correlate 
positively with MgO wt% (Fig. 6a–b), while Ba, Sr, Zr and Th (ppm) 
abundances decrease with increasing MgO wt% (Fig. 6c–f). 

On the Chondrite normalised (Sun and McDonough, 1989) rare earth 
plot (Fig. 7), the patterns for the dykes studied and average peridotite 
from the subcontinental lithospheric mantle (SCLM) beneath the CL 
indicate enrichment of light rare earth elements (LREE) relative to heavy 
rare earth elements (HREE). The alkaline dykes, like CVL alkaline ba-
salts and OIBs, are also enriched in REEs compared to the subalkaline 
dykes. Except for some Foumban dykes showing slight negative anom-
aly, the other dykes do not present any significant Eu anomaly 
(Fig. 7a–f). Fig. 8 presents Primitive Mantle normalised multi-element 
patterns of the studied dykes. Also shown in this figure are the 
average values of OIB, E–MORB, N–MORB (Sun and McDonough, 1989), 
and average composition of the SCLM beneath the CL (Asaah, 2015; 
Tamen et al., 2015; Tedonkenfack et al., 2019). In addition, there are 
enrichments in large ion lithophile elements (LILE; e.g., Rb, Ba) and high 
field strength elements (HFSE; e.g., Nb, Ta, U, Th) that are incompatible 
relative to LREE. The alkaline dykes from Batibo and Foumban show 
patterns akin to CVL lavas and OIBs, though with some elemental var-
iations (Fig. 8a & b). The patterns for the subalkaline dykes fall between 
the average compositions of OIB and E–MORB. Except for the alkaline 

Batibo dykes Dschang dykes Foumban dykes JB3 Split 9 

OVG211-4 OVG211-5 OVG211-6a OVG211-6b OVG211-7 OVG211-8 OVG211-9 OVG212-1 OVG212-2 DS1 DS2 F2 F3 F4 F5 (average n=5) 

45.0 45.5 47.3 47.2 47.3 47.8 48.0 47.1 47.9 48.2 47.4 48.1 52.7 48.3 52.6 51.2 
2.98 2.99 1.59 1.77 1.52 1.68 1.82 1.61 1.75 1.44 1.48 1.92 1.77 2.09 1.82 1.45 
15.3 15.5 14.7 16.2 14.8 15.4 16.9 14.9 15.9 15.6 14.9 16.2 15.6 15.5 15.7 17.3 
12.5 12.1 12.9 13.2 12.7 11.8 13.0 12.0 12.3 12.7 12.0 11.4 10.4 12.0 10.5 12.0 
0.236 0.310 0.148 0.145 0.151 0.145 0.166 0.153 0.155 0.187 0.172 0.16 0.14 0.17 0.15 0.18 
4.79 4.89 7.37 7.97 7.98 7.01 8.42 6.87 6.76 7.37 8.10 7.20 4.40 6.73 4.54 5.20 
7.77 7.56 9.29 7.11 9.14 9.42 5.47 10.09 9.13 9.65 9.56 8.05 6.58 7.60 6.29 9.84 
3.72 3.83 2.78 2.68 2.83 2.85 2.78 2.73 2.87 2.39 2.32 2.80 2.43 3.19 3.22 2.74 
1.54 1.57 0.89 0.66 0.74 0.75 0.66 0.83 0.62 0.77 1.03 2.18 3.42 1.92 3.06 0.79 
2.76 2.70 0.21 0.23 0.20 0.22 0.24 0.21 0.23 0.22 0.24 0.47 0.62 0.62 0.63 0.29 
96.7 97.0 97.1 97.2 97.4 97.1 97.4 96.5 97.7 98.6 97.3 98.5 98.0 98.2 98.4 101 
3.20 3.10 2.75 2.68 2.61 2.85 2.80 3.52 2.35 1.30 2.60 1.85 2.40 1.97 1.62  
1.53 3.36 228 262 246 246 281 237 250 326 330 160 80.9 155 90.0 64.6 
2.28 lld 210 230 233 241 284 202 204 105 167 135 60.9 122 64.9 36.8 
17.5 18.9 54.1 65.0 59.9 61.2 70.0 55.9 57.1 51.9 54.4 42.5 35.3 42.3 35.1 32.8 
64.2 61.8 192 210 183 201 219 197 211 201.8 191 150 103 139 106 378 
167 161 107 84.6 107 114 116 109 127 93.4 92.6 70.1 82.8 85.2 82.9 105.0 
23.5 21.4 29.0 22.2 23.1 18.7 15.4 20.7 12.6 39.5 49.8 100 235 56.2 204 14.2 
1353 1363 322 344 317 343 331 348 340 386 447 671 930 561 794 416 
44.6 45.1 18.5 17.6 19.0 21.1 17.7 21.2 20.9 18.3 17.3 30.7 55.3 30.7 51.1 26.5 
298 306 113 126 109 119 129 113 124 113 123 308 148 201 179 99.3 
58.2 60.0 12.5 13.9 12.0 13.2 14.0 12.6 13.5 9.68 11.6 32.5 29.3 32.1 21.4 2.5 
1.1 0.9 16.8 10.9 12.4 6.4 2.3 9.1 5.3 15.7 14.5 2.48 3.08 0.99 2.35 0.93 
646 636 225 231 213 221 255 207 214 355 433 592 694 608 699 250 
62.2 45.7 11.8 12.8 11.5 12.5 12.2 13.5 13.4 13.3 15.7 23.0 34.2 26.0 39.5 8.0 
138 136 25.5 26.9 24.8 27.0 25.5 27.5 28.0 29.8 34.4 49.0 73.2 57.9 84.7 20.6 
20.1 20.0 3.2 3.32 3.13 3.40 3.18 3.43 3.53 3.77 4.26 5.9 8.6 7.22 9.92 3.13 
93.4 92.7 14.4 14.7 14.1 15.4 14.2 15.4 15.9 16.7 18.6 23.7 33.2 30.9 38.6 15.8 
18.6 18.7 3.5 3.49 3.43 3.74 3.37 3.71 3.85 3.78 4.00 4.72 6.17 6.26 7.24 4.18 
7.01 7.15 1.21 1.23 1.20 1.33 1.28 1.29 1.36 1.33 1.39 1.37 1.43 1.80 1.64 1.31 
18.7 19.0 4.2 4.11 4.18 4.61 4.00 4.57 4.64 4.38 4.46 4.87 5.94 6.54 6.99 4.71 
2.24 2.25 0.65 0.63 0.64 0.71 0.62 0.69 0.71 0.64 0.64 0.67 0.77 0.89 0.90 0.74 
10.9 11.0 3.9 3.80 3.91 4.30 3.77 4.18 4.30 3.87 3.72 3.79 4.10 5.04 4.84 4.64 
1.84 1.86 0.77 0.74 0.77 0.84 0.74 0.82 0.83 0.75 0.72 0.74 0.78 0.99 0.93 0.95 
4.45 4.59 2.11 2.02 2.09 2.30 2.02 2.22 2.27 2.06 1.94 2.02 2.12 2.66 2.52 2.67 
0.50 0.52 0.29 0.28 0.28 0.31 0.28 0.30 0.31 0.28 0.26 0.27 0.28 0.36 0.34 0.38 
2.91 3.12 1.83 1.78 1.80 1.97 1.74 1.89 1.96 1.79 1.67 1.76 1.79 2.29 2.14 2.49 
0.40 0.43 0.27 0.26 0.26 0.29 0.25 0.28 0.29 0.26 0.25 0.26 0.26 0.34 0.31 0.38 
6.96 7.24 3.04 3.32 2.88 3.15 3.39 2.99 3.26 2.95 3.18 7.94 3.79 5.17 4.19 2.67 
2.98 3.07 0.61 0.67 0.58 0.64 0.68 0.60 0.66 0.51 0.62 1.74 1.59 1.75 1.12 0.11 
2.65 2.59 1.40 1.82 1.47 1.64 2.04 1.66 1.85 2.43 2.91 2.48 3.17 2.59 3.98 4.84 
4.01 3.99 0.95 1.03 0.91 1.00 1.07 0.91 1.04 1.15 1.42 1.76 2.79 1.67 3.41 1.30 
1.24 1.31 0.26 0.28 0.25 0.28 0.30 0.26 0.29 0.30 0.36 0.46 0.52 0.40 0.64 0.48                  

A.N.E. Asaah et al.                                                                                                                                                                                                                             



Geochemistry xxx (xxxx) xxx

8

dykes from Batibo with a pronounced negative K-Pb anomalies (Fig. 8a), 
all other dykes show variable positive K-Pb anomalies (Fig. 8b–f). In 
addition, all the Batibo subalkaline dykes and some samples from the 
Dschang and Nyos subalkaline dykes show slight negative Nb-Ta, while 
the rest of the dykes present positive Nb-Ta anomalies. 

5.4. Sr–Nd–Pb isotopes 

Sr–Nd–Pb isotope compositions for the dykes analysed in this study 
are presented in Table 2 and illustrated in Figs. 9 & 10. Available ages on 
CL dykes span a wide range; Dschang (421 Ma), Maham (404 Ma), 
Bangoua (241 & 149 Ma), Nyos (230 Ma), Kendem (192 Ma) and 
Bambouto (15 Ma). Initial isotopic ratios for our samples and those from 
other dykes (Dschang and Manjo) have been calculated based on 
available K-Ar and Ar/Ar age data (Tchouankoue et al., 2014; Aka et al., 
2018). The assumed ages are considered because of their similarities in 
geochemical composition, orientation and proximity to the studied 
dykes. Isotope data for dykes from Nyos, Batibo, Foumban and Manjo 
were back-corrected at 225 Ma, while Dschang was back-corrected to 
400 Ma. The Batibo alkaline dykes have 87Sr/86Sri and 143Nd/144Ndi 
ratios ranging from 0.7039–0.7041 and 0.51250–0.51260, respectively. 
Initial 87Sr/86Sri and 143Nd/144Ndi isotopic composition for subalkaline 
dykes from Batibo, Nyos, Dschang and Manjo range from 0.7027–0.7063 
and 0.51110–0.51277, respectively, while those for the transitional 
basaltic dykes of Foumban range from 0.7059–0.7095 and 
0.51194–0.51221, respectively. The initial 206Pb/204Pbi isotopic 
composition range from 16.6 in a sample from Dschang to 19.9 in a 
sample from Manjo. On the 87Sr/86Sri vs 143Nd/144Ndi isotopic space, 
most of the dykes plot in the lower half of the bulk silicate earth (BSE; 
Fig. 9a). The dykes form an array from the peridotite xenoliths beneath 
the CL, passing through EM1 to EM2. All the dykes plot above the 
Northern Hemisphere Reference Line (NHRL) of Hart (1984) on the 
206Pb/204Pbi versus 207Pb/204Pbi isotope space diagram (Fig. 9b). Some 
of the dykes from Manjo have compositions overlapping with mafic 
alkaline basaltic lavas of the CVL. The dykes plot primarily within the 
DMM–EM1–EM2 triangular space (Fig. 10a & b). 

6. Discussions 

6.1. Alteration and crustal contamination 

The alkaline dykes have higher LOI (3–7 wt%) and lower MgO, Ni, 
Cr, and V abundances relative to the transitional and subalkaline dykes 
suggesting that the alkaline basalts might have undergone some degree 
of low-temperature alteration. Ratios of LILE/HFSE are good weathering 
indicators because the LILE are mobile while the HFSE are relatively 
immobile. Ratios of Rb/Zr, Ba/Zr, Rb/Nb and Rb/Th for the alkaline 
dykes (0.06–0.08, 1.6–2.2, 0.3–0.4, and 4.9–6.3, respectively) are lower 
than the average values for fresh CVL lavas (0.14, 2.3, 0.6, 7.5, 
respectively; Asaah et al., 2015a). In contrast, Rb/Zr, Ba/Zr, Rb/Nb and 
Rb/Th ratios for the subalkaline dykes are in most cases higher than 
those of the CVL alkaline basalts. The lower LILE/HFSE ratios for the 
alkaline basaltic dykes relative to CVL basaltic lavas corroborate the 
effect of weathering on the alkaline dykes. Based on this, the alkaline 
dykes would not be considered further in discussing mantle sources. 

The insignificant role of crustal contamination of mafic alkaline lavas 
of the CVL has been emphasised (Asaah et al., 2015a). Most less evolved 
alkaline basaltic lavas of the CVL host mantle xenoliths, suggesting rapid 
magma ascent to the surface. Furthermore, CVL lavas are younger 
(Cenozoic) with a shorter eruption history compared to dykes on the CL 
(15–421.3 Ma; Ngounouno et al., 2001; Tchouankoue et al., 2014; Aka 
et al., 2018). Therefore, it is essential to examine the degree of crustal 
contamination in the dykes due to the slow speed of magma ascent and 
emplacement within the continental crust (Xiong et al., 2013). Previous 
studies have reported minor amounts of crustal contamination of CL 
dykes by the host granitic basement (Tchouankoue et al., 2012; 
Tchaptchet et al., 2017; Aka et al., 2018; Kouamo et al., 2019). The 
ratios for Ce/Pb in the subalkaline dykes (Nyos, Batibo, Dschang, Ken-
kem and Bangante; 7–21) and transitional basaltic dykes of Foumban 
(20− 23) are lower than average values obtained from CVL basaltic lavas 
(25–32), MORB and OIB (25 ± 5, Hofmann et al., 1986), but higher than 
average upper-crust (3.2, Taylor and McLennan, 1985) and CVL granitic 
basement (6.0; Asaah, 2015). 

The subalkaline and transitional basaltic dykes show enrichments in 
the most incompatible elements relative to the more compatible HFSE 
and have relative depletions in Th ((Th/La)N = 0.2–1.0). In addition, the 
dykes present variable Nb and Ti anomalies (NbN/(ThN + LaN)2 and TiN/ 
(SmN + GdN)2, respectively; Fig. 11). Some Nyos and Dschang dykes 
with no correlation in SiO2 vs 87Sr/86Sri diagram (Fig. 11a) have nega-
tive Nb and Ti anomalies (Fig. 11b). The isotopic and trace element 
composition of the alkaline dykes with positive K–Pb–Sr spikes on the 
PM normalised multi-element plot (Fig. 8) is typical of most contami-
nated basaltic lavas. However, most subalkaline dykes present positive 
Nb-Ta spikes, inconsistent with crustal contamination. This implies that 
the positive K–Pb–Sr characteristics of the subalkaline dykes are a source 
characteristic requiring another means of enriching mantle-derived 
melts other than contamination. Therefore, the trace elements and iso-
topic composition of the subalkaline and transitional basaltic dykes, 
characteristically identical to arc lavas (subduction-related), have 
received minor post magmatic modification from the continental crust. 
Similar observations have been reported in CAMP basaltic dykes and are 
typical of lithospheric melting (Marzoli et al., 2018). The few subalka-
line dykes with slight negative Nb-Ta anomalies would have received 
less than 10% crustal contamination, which in most cases is insignificant 
(Marzoli et al., 2018). On the other hand, the Batibo alkaline dykes 
present significant negative Nb-Ta anomalies suggestive of a greater 
amount of crustal contamination (possibly >20%). Based on the degree 
of weathering and the significant crustal contamination of the Nyos 
alkaline dykes, they would not be considered further in discussing 
mantle sources. 

Fig. 4. (a) Total alkali versus silica classification diagram for the studied dykes. 
The dykes are alkaline, transitional to subalkaline in nature. The field for CVL is 
obtained from Asaah et al., 2015a and recently published data, including 
Wembenyui et al., 2020; Lemdjou et al., 2020; Asaah et al., 2021. Except 
otherwise stated, the same symbols and colours as used here will be used in 
subsequent diagrams. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 
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6.2. Fractional crystallisation 

The majority of the subalkaline and transitional basaltic dykes 
studied have a restricted range in MgO (7–9 wt%). In addition, the 

abundances of Cr, Ni, and Co of the transitional (59–160 ppm, 61–134 
ppm, and 35–43, respectively) and subalkaline (131–330 ppm, 105–284 
ppm and 49–70 ppm, respectively) basaltic dykes are relatively lower 
than those assumed for the average composition of primary magma (Cr; 

Fig. 5. Selected major element oxides (wt%) of the studied dykes along the CL plotted against MgO (wt%).  
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300–500 ppm, Ni; 300–400 ppm, Co; 50–70 ppm, Frey et al., 1978). 
These major elements and trace element characteristics suggest that the 
samples had undergone fractionation, with the subalkaline dykes being 
the least fractionated. The lack of high-Mg (primary) magmas is also 
common in the CVL lavas (Kamgang et al., 2013; Njome and de Wit, 
2014; Asaah et al., 2015a, 2015b, 2020). Less than 5% of published data 
for CVL lavas have compositions with MgO (10–16 wt%), Ni, Cr and Co 
closed to pristine mantle composition (Njome and de Wit, 2014; Asaah 
et al., 2015a, 2015b, 2020, 2021; Gountié Dedzo et al., 2019; Wembe-
nyui et al., 2020). The presence of these high-Mg lavas along the CVL is 
evidence of the involvement of a standard hot mantle (plume) source in 
the genesis of CVL magmas (Lees et al., 2020). At the same SiO2 wt%, the 
subalkaline basaltic dykes have higher MgO wt% relative to CVL basaltic 
lavas, indicating differences in their sources and evolution. The positive 
correlation in plots of MgO versus Ni (Fig. 6a) and Cr (not shown) in-
dicates the removal of mafic minerals like olivine and clinopyroxenes 
from the melt. Slight negative Eu anomaly in some dykes (Dschang, 

Foumban, Batibo and Bangangte) (Fig. 7) suggests the fractionation of 
plagioclase. 

6.3. Mantle source characterisation 

Basaltic magmas like those studied are either of asthenospheric or 
lithospheric origin. Differentiating their sources becomes more chal-
lenging in the Cameroon Line with basaltic lavas of varying composi-
tions (alkaline, transitional and subalkaline). 

Positive and negative slopes of REE patterns are widely considered a 
consequence of melting conditions and mantle source composition 
(Pearce, 2008). Inclined REE patterns as in OIB indicate low percentage 
melting, while flat patterns in MORB suggest a high degree of partial 
melting. The dykes studied present varying inclinations in REE patterns 
ranging from a more inclined pattern in the transitional basaltic dykes 
(Foumban) to an almost flat pattern in the subalkaline dykes (Nyos, 
Batibo, Dschang: Fig. 7). The nearly horizontal pattern in the subalkaline 

Fig. 6. Selected trace element (ppm) of the studied dykes along the CL plotted against MgO (wt%).  
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dykes suggests their generation at shallow depth in the absence (or 
minimal presence) of garnet in the source since garnet has a strong HREE 
affinity and depletes these elements from the melts (Pearce, 2008). The 
absence of garnet in the source of these subalkaline dykes is supported 
by low (Tb/Yb)N, La/Sm and La/Yb (1.51–1.74, 1.5–2.7 and 3.1–11.9) 
relative to the transitional basaltic dykes (1.73–1.92, 1.5–2.7 and 
3.1–11.9, respectively). The (La/Yb)N ratios of the subalkaline dykes 
(2.3–6.7) are similar to the average (La/Yb)N ratio (5.1) for peridotites 
xenoliths believed to represent the composition of the lithospheric 
mantle (or upper non-convecting mantle or subcontinental lithospheric 
mantle, SCLM) beneath the CVL (Lee et al., 1996; Asaah, 2015; Tedon-
kenfack et al., 2019). 

On the other hand, the transitional basaltic dykes with steeper REE 

patterns have their sources at deeper levels in the lithospheric mantle, 
possibly the garnet-spinel transition zone and were formed by lower 
degree partial melting similar to alkaline basaltic lavas of the CVL. 
Basaltic lavas derived from the lithospheric mantle are enriched in LILE 
and LREE with negative Nb-Ta anomalies. In contrast, those derived 
from the asthenospheric mantle have PM-normalised patterns like OIB, 
without negative Nb-Ta anomalies (Liao et al., 2014). 

6.4. Mantle source components 

It has been demonstrated that CVL magmatism is characterised by 
contributions from both the asthenosphere and the lithospheric mantle 
(Halliday et al., 1990; Yokoyama et al., 2007), involving at least three 

Fig. 7. Chondrite normalised REE diagrams for dykes studied along the CL. Data for average peridotites beneath the CVL is obtained from Lee et al., 1996; Tamen 
et al., 2007; Teitchou et al., 2011; Temdjim, 2012; Asaah, 2015; Tedonkenfack et al., 2019. Normalising values and data for OIB, N–MORB and E–MORB are from Sun 
and McDonough (1989). 
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mantle end members (Yokoyama et al., 2007; Kamgang et al., 2013; 
Asaah et al., 2015a, 2020). As trace elements, the isotopic composition 
also shows a disparity in the source of the dykes with the CVL magma-
tism. The subalkaline and transitional basaltic dykes are radiogenic in 
87Sr/86Sri (mean; 0.7051 and 0.7079, respectively), unradiogenic in 
143Nd/144Ndi (mean; 0.5123 and 0.5120, respectively) and 206Pb/204Pbi 
(18.93 and 18.02, respectively) relative to the CVL lavas (87Sr/86Sr =
0.7033, 143Nd/144Nd = 0.51288 and 206Pb/204Pb = 19.85; Asaah et al., 
2015a, 2021; Gountié Dedzo et al., 2019; Wembenyui et al., 2020; 
Lemdjou et al., 2020). At a first interpretation of the trace elements and 
isotopic composition of the dykes, one would think of a mixture of a 
plume-like (similar to CVL lavas) component with the continental crust 
to produce the dykes. However, the mixing of this nature would be 
characterised by significant Nb-Ta anomalies on the PM-normalised 

multi-element patterns for the dykes. Therefore, the hybrid isotopic 
composition in such mixing would have more radiogenic 87Sr/86Sri and 
unradiogenic 143Nd/144Ndi and 206Pb/204Pbi compared to the actual 
composition of the studied dykes. This hypothesis might be reasonable 
for the alkaline and transitional basaltic dykes of the CL, where a small 
amount of crustal component is necessary to produce the observed trace 
elements and isotopic signatures. Unlike alkaline lavas of the CVL 
showing characteristic FOZO-like composition, with mixing 
HIMU–DMM–EM1 components, the subalkaline and transitional basaltic 
dykes show a dominantly mixing of DMM–EM1–EM2. The Nyos and 
Batibo subalkaline dykes show similar isotopic composition with 
dominance of EM1–DMM (Figs. 9 & 10), indicating similarity in their 
source components. Interestingly, both dykes are located in the Oku 
Volcanic Group (OVG) of the CVL. 

Fig. 8. Primitive Mantle normalised multi-element diagram for dykes studied along the CL. Data for average peridotites beneath the CVL is obtained from Lee et al., 
1996; Tamen et al., 2007; Teitchou et al., 2011; Temdjim, 2012; Asaah, 2015; Tedonkenfack et al., 2019. Normalising values and data for OIB, N–MORB and 
E–MORB are from Sun and McDonough (1989). 
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The Dschang dykes show distinct isotopic characteristics with rela-
tively unradiogenic Nd-Pb isotope compositions compared to the Batibo 
and Nyos dykes. Its composition showing a strong EM1 or crustal 
signature suggests melting recycled crustal material. The Foumban 
transitional basaltic dykes with characteristic wide ranges in Sr–Nd–Pb 
isotopic compositions reveals varying contributions from EM1 and EM2 
in addition to its plume signature similar to those of CVL lavas. 

The enriched signatures of the dykes studied are derived from 
recycled continental crustal materials (upper, lower or sediments) or 
SCLM veins introduced by metasomatism. Evidence of metasomatic 
activities on the SCLM beneath the CVL has been reported on peridotite 
xenoliths and basaltic lavas (Teitchou et al., 2011; Temdjim, 2012; 
Tchouankoue et al., 2012; Tchouankoue et al., 2014; Aka et al., 2018; 
Tchaptchet et al., 2017; Kouamo et al., 2019; Tedonkenfack et al., 2019; 
Asaah et al., 2021). The effects of metasomatism are more pronounced 
in the Manjo dykes, presenting radiogenic 206Pb/204Pb relative to the 
other dykes along the CVL. The recycled crustal material might have 
been introduced into the shallow mantle during the Paleozoic or Ta
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Fig. 9. (a) 143Nd/144Ndi vs. 87Sr/86Sri, and (b) 207Pb/204Pbi vs. 206Pb/204Pbi. 
The initial ratios were calculated based on K-Ar, and Ar-Ar data for dykes re-
ported in Tchounkoue et al., 2014; and Aka et al., 2018. Dykes from Nyos, 
Batibo, Foumban and Manjo were back corrected at 225 Ma, while Dschang 
dykes were back corrected at 400 Ma. The dykes plot below the BSE and above 
the NHRL. Sample OVG26 with 143Nd/144Ndi (0.511103) is not plotted since it 
would reduce the scale. The Batibo alkaline dykes are not plotted in isotope 
space diagrams because of alteration and contamination discussed in the text. 
Literature data for CVL lavas is obtained from Asaah et al., 2015a and recently 
published data, including Wembenyui et al., 2020; Lemdjou et al., 2020; Asaah 
et al., 2021, while for peridotites is obtained from Asaah, 2015 and Lee 
et al., 1996. 
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Proterozoic subduction events (Marzoli et al., 2018). 

6.5. Geochemical similarities with Central Atlantic Magmatic Province 
(CAMP) 

Magmatism of the CL is represented by outcrops of varying ages 
corresponding to tectonic phases from the Neoproterozoic Pan African 
granites (620–420 Ma) constituting the basements to the Cenozoic 
effusive volcanics of the CVL (51 Ma–Present: Aka et al., 2018 and ref-
erences therein). With available radioisotope ages for the oldest (Silu-
rian; 421.3 ± 3.5 Ma; Tchouankoue et al., 2014) and youngest (149.2 ±
3.8 Ma; Tchouankoue et al., 2014) intrusive dykes on the CL, it is 
undoubtful that the magmatism of CL dykes covered a window of 
approximately 272 Ma. This period was contemporaneous with major 
magmatic activities in the Baborema province of NE Brazil (310 Ma- 
Present; Mizusaki et al., 2002), Central Atlantic Magmatic Province 
(CAMP, 189–207 Ma; Marzoli et al., 2018 and references therein) and 
the high–Ti basaltic dykes of the Carajás region of the Amazonian craton 
(199.3 ± 0.3 Ma; Giovanardi et al., 2019). The only available dykes with 
40Ar-39Ar age for the CL plotting in the CAMP field is from Kenkem 
(Fig. 12; Tchouankoue et al., 2014). 

Elemental and isotopic compositions of lavas from Nyos and Batibo 

Fig. 10. a) 206Pb/204Pb versus 87Sr/86Sr and b) 206Pb/204Pb versus 
143Nd/144Nd isotope plots for dykes on the CL. Sample OVG26 with 
143Nd/144Ndi (0.511103) is not plotted since it would reduce the scale. The 
Batibo alkaline dykes are not plotted in isotope space diagrams because of 
alteration and contamination discussed in the text. The source for literature 
data is the same as Fig. 9. 

Fig. 11. Plots of a) 87Sr/86Sr versus SiO2 (wt%) and b) Nb anomaly versus Ti 
anomaly. Most of the dykes do not show a clear correlation, especially when 
considered independently. The subalkaline dykes plot far from the average 
granitic composition of the CL, indicating a weak influence of crustal 
contamination. 

Fig. 12. Available K-Ar and Ar-Ar age data for dykes along the CL plotted and 
compared with CAMP and CVL. 
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are similar to those of the Kendem (Tchouankoue et al., 2014) and 
CAMP (Marzoli et al., 2018). The Nyos and Batibo with other dykes on 
the CL have low TiO2 abundances (<2 wt%), negative PM-normalised 
Nb-anomalies, and moderately to strongly enriched REE patterns, 
similar to the dykes of the CAMP (Marzoli et al., 2018). Generally, dykes 
along the CL show depletions in HFSE and enrichments in LILE. In 
addition, the isotopic compositions of the Batibo and Nyos dykes overlap 
with those of the CAMP, suggesting similarities in source origin (SCLM) 
and evolution in time and space. It would be fascinating to investigate 
the absolute (precise Ar-Ar) ages of these two dykes to constrain their 
emplacement with CAMP activity. The Dschang dykes presenting 
different isotopic compositions to the Nyos and Batibo dykes, corrobo-
rates their emplacement before the CAMP activity. 

Using available radioisotope data for the CL compiled in Aka et al. 
(2018), the magmatic and tectonic history can be reconstituted (Coulon 
et al., 1996). The Pan African orogeny that affected the Neoproterozoic 
granitic basement of the CL left behind fractures and zones of weak-
nesses (Toteu et al., 1987, 1990; Toteu et al., 2001; Tchaptchet et al., 
2017) that have eased the emplacement of extrusive and intrusive 
magmatic rocks (Burke, 2001; Njonfang et al., 2011). The first phase of 
intrusion is characterised by dykes from Silurian to Jurassic (Vicat et al., 
2001; Tchouankoue et al., 2012; Tchouankoue et al., 2014; Aka et al., 
2018; Kouamo et al., 2019). The opening of the Equatorial Atlantic 
Ocean in the Cretaceous (96–130 Ma) was contemporaneous with 
magmatism in the Benue Trough (49–147 Ma: Wilson, 1992). The sec-
ond phase of intrusive activity on the CL was more robust and charac-
terised by the emplacement of numerous anaeorogenic plutonic 
complexes from late Cretaceous to Paleogene (30–73 Ma; Lasserre, 
1966). The end of the second intrusive phase overlaps with the early 
Cenozoic volcanic activities of the CVL (31–Present; Fitton and Dunlop, 
1985; Halliday et al., 1990; Marzoli et al., 1999; Marzoli et al., 2000; 
Aka et al., 2004, 2008; Njilah et al., 2004; Rankenburg et al., 2005; 
Kamgang et al., 2013; Asaah et al., 2015a). 

7. Conclusion 

Dykes of alkaline, transitional, and subalkaline affinities have been 
studied in Nyos, Batibo, Dschang and Foumban outcropping in exposed 
Neoproterozoic granito-gneissic basement complex of the Cameroon 
Line. Trace elements and isotopic compositions of the subalkaline and 
transitional basaltic dykes indicate they have received minor post 
magmatic modification from the continental crust. Most of the dykes 
studied have a restricted range in MgO (7–9 wt%), lower abundances in 
Cr, Ni, and Co, suggesting that the dykes were derived from fractionated 
melts. REE abundances and PM-normalised patterns for the subalkaline 
dykes are similar to MORB, indicating their formation at shallower 
depth by a higher degree of partial melting relative to the Foumban 
dykes and the alkaline lavas of the CVL. The transitional basaltic dykes 
with steeper REE patterns have their sources at deeper levels in the 
lithospheric mantle, possibly the garnet-spinel transition zone by lower 
degree partial melting of the lithospheric and plume components. 

The Nyos and Batibo subalkaline dykes show similar isotopic com-
positions with dominance of EM1-DMM, indicating similarity in their 
source components. On the other hand, the Dschang dykes show distinct 
isotopic characteristics with relatively unradiogenic Nd-Pb isotope 
compositions compared to the Batibo and Nyos dykes. The Foumban 
transitional basaltic dykes with characteristic wide ranges in Sr-Nd-Pb 
isotopic compositions reveal varying contributions from EM1 and EM2 
in addition to its plume signature similar to those of CVL lavas. The Nyos 
and Batibo dykes alongside other dykes on the CL have low TiO2 
abundances (<2 wt%), negative PM-normalised Nb-anomalies, and 
moderately to strongly enriched REE patterns. In addition, the isotopic 
compositions of the Batibo and Nyos dykes overlap with those of the 
CAMP, suggesting a similar source origin (SCLM). On the other hand, the 
Dschang dykes presenting different isotopic compositions to the Nyos 
and Batibo dykes corroborate their emplacement before the CAMP 

activity. 
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