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20 Abstract

21 The sub continental lithospheric mantle (SCLM) beneath the Cameroon volcanic line (CVL) is
22 vertically and laterally heterogenous, consisting of a complex mixing of DMM, HIMU and
23 EML1, affected by modal or cryptic metasomatism, depending on the area. The petrography,
24 whole rock geochemical data as well as minerals chemical composition of lavas and mantle
25  xenoliths from Bini Warack area combined with Sr isotope compositions provide constraints
26  on the origin and thermochemical evolution of the SCLM beneath this sector of the CVL. The

27  host lavas are basanite, basalt and latite with OIB affinity, characterized by moderate to high
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silica and alkali contents (SiO, = 42.35 — 56.56 wt %, K,O+Na,O = 2.34 — 7.07 wt %), a high
Ba/Rb ranging from 12.2 to 26.1, a low Rb/Sr from 0.03 to 0.08, strong enrichment in LREE
relative to HREE (Lan/Yby: 9.3 — 30), and moderately enriched in radiogenic isotopes (e.g.,
0.702987 < ®'Sr/*°Sriyia < 0.703206; 0.512854 <**Nd/***Ndiia < 0.512918) with positive
eNdiniia (+4.84 — +6.09). These features are consistent with an origin of the lavas by low
degree of partial melting (< 2%) of a Iherzolitic mantle source containing 2 to 6% garnet.
These lavas have then evolved by fractional crystallization without any evidence of crustal
contamination. The studied mantle xenoliths are spinel-bearing Iherzolites, characterized by
U/Th ratios typically lower than 1, a slight enrichment in LILE relative to HFSE, and mainly
consist of minerals with fertile composition (F0g4.01; Spinel Cr#:0.1 — 0.22; Al-rich pyroxenes).
They are consistent with refractory mantle peridotite that evidenced low partial-melting
degrees. Trace element concentrations of host lavas (high Ba/Rb: 12.2 — 26.1 and low Rb/Sr:
0.03 — 0.08) together with olivine’s crystals chemical features (high Ca/Fe and 100*Mn/Fe
ratios; low 100*Ni/Mg ratios) and low Ca/Al ratios (< 5) of clinopyroxenes in spinel-bearing
Iherzolites xenoliths suggest that the SCLM beneath the Bini Warack area is likely a juvenile

lithospheric mantle which has undergone a carbonate-rich metasomatism.

Keywords: Cameroon Volcanic Line - OIB affinity - mantle xenoliths - spinel Iherzolites - low

partial melting degrees - Carbonate metasomatism

Résumeé

Le manteau lithosphérique sous-continental (MLSC) sous la ligne volcanique du Cameroun
(LVC) est verticalement et latéralement hétérogéne, constitué d'un mélange complexe de
DMM, HIMU et EM1, affecté par un métasomatisme modal ou cryptique selon la zone. La
pétrographie, les données geochimiques des roches totales ainsi que la composition
chimique des minéraux des laves et des xénolithes mantelliques de la région de Bini
Warack, combinées aux compositions isotopiques Sr, fournissent des informations sur

l'origine et I'évolution thermochimique du MLSC sous ce secteur de la LVC.
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Les laves hb6tes ont des compositions de basanite, basalte et de latite présentant des
affinités avec les OIB, et caractérisées par i) des teneurs modérées a élevées en silice et en
alcalins (SiO, = 42,35 — 56,56 %, K,O+Na,O = 2,34 — 7,07 %), ii) de forts rapports Ba/Rb
(12,2 — 26,1), iii) de faibles rapports Rb/Sr (0,03 — 0,08), iv) un fort enrichissement en terres
rares légéres par rapport aux terres rares lourdes (Lan/Yby @ 9,3 — 30), et v) un
enrichissement modéré en isotopes radiogéniques (0.702987 < ®'Sr/*®Sr,y i < 0.703206 ;
0.512854 <**Nd/***Ndinia < 0.512918) marqué par des eNd initiaux positifs (+4.84 — +6.09).
Ces caractéristiques sont compatibles avec une origine des laves par un faible degré de
fusion partielle (moins de 2 %) d'un manteau a lherzolite contenant 2 a 6 % de grenat. Les
laves de Bini Warack ont ensuite évolué par cristallisation fractionnée sans trace de
contamination crustale.

Les xénolithes quant a eux sont des |herzolites a spinelle, caractérisés par des rapports U/Th
généralement inférieurs a 1, un léger enrichissement en LILE par rapport aux HFSE et
principalement constitués de minéraux de composition fertile (FOgs9; ; Spinelle Cr# : 0,1 -
0,22 ; pyroxénes alumineux). Ces xénolithes sont compatibles avec un manteau péridotitique
réfractaire ayant subi de faibles degrés de fusion partielle.

Les teneurs en éléments traces des laves hotes (Ba/Rb élevé : 12,2 - 26,1 et Rb/Sr faible :
0,03 - 0,08), les caractéristiques chimiques des cristaux d'olivine (rapports Ca/Fe et
100*Mn/Fe élevés ; ainsi que les faibles rapports 100*Ni/Mg et Ca/Al <5) des clinopyroxénes
des lherzolites étudiées, suggeérent que le MLSC sous la zone de Bini Warack est sans doute

un manteau lithosphérique juvenile ayant subi un métasomatisme carbonaté.

Mots-clés: Ligne volcanique du Cameroun - affinité OIB - xénolites manteliques - Iherzolites

a spinelle — faibles degrés de fusion partielle - métasomatisme carbonatée

1.Introduction.
Alkaline mafic to ultramafic volcanic rocks have been studied worldwide because they

generally host mantle xenoliths that provide insights on the composition of the upper mantle.
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The mantle fragments found in volcanic areas emplaced within Archean and
Paleoproterozoic belts have been considered to have temporal and genetic relationship with
the overlying crust (Carlson et al., 2005) while in younger terranes and oceanic settings, this
correlation remains unclear (Liu et al., 2015, and references therein). The chemical diversity
of continental intraplate magmas has been attributed to the heterogeneity of the mantle
sources (Stracke et al., 2005 and references therein) and/or to interactions between an
upwelling plume with the lithospheric mantle or the upper crust (MacDonald et al., 2001;
Lundstrom et al., 2003; Yokoyama et al., 2007). The sub—continental lithospheric mantle
(SCLM) is one of the Earth reservoirs representing about 2.5 vol.% of the whole mantle,
where basaltic magmas are generated by direct melting (Hawkesworth et al., 1983) or
through delamination of this lithosphere and re—incorporation of the convecting mantle
(McKenzie & O’Nions 1983, 1995). The SCLM underlying some continental domains
generally displays features of OIB— mantle source and consists of Iherzolites (Downes et al.,
2003). The composition of the SCLM is known from the study of either mantle xenoliths
hosted in alkaline basalts, or more rarely that of massive peridotites found in areas having
undergone significant tectonic activity such as Lherz in the southern France. However,
samples from both settings provide disrupted information on the SCLM due either to their
interaction with the host magma in the case of mantle xenoliths or to wide serpentinization
and interaction with crustal fluids during their emplacement in the case of massifs (Pearson &
Nowell, 2002). Accordingly, characterizing the SCLM is crucial to understand crustal growth
and stabilization, preservation and transformation of continents through time (Lin et al.,
2022).

In this contribution, we present a set of new field, mineralogical, petrographic, whole—rock
geochemical, and Sr—Nd isotopic data on peridotite xenoliths together with their basaltic host
lavas from Bini Warack in the Eastern Ngaoundéré area in order to characterize the regional
SCLM beneath the Adamawa plateau, discuss its origin and evolution, and explore the

possible links with the growth and differentiation of the overlying Precambrian crust.



112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

2. Geological context

The Cameroon Volcanic Line (CVL) is a 1600 km Y—-shaped intracontinental mainly alkaline
volcanic structure straddling the continent— ocean boundary, where the volcanic activity is
due to instability within the subcontinental lithospheric mantle at the continental edge (Milelli
et al., 2012). The magmas have been proposed to originate either from an asthenospheric
source or an enriched SCLM, without significant interaction with the overlying crusts (Marzoli
et al., 2000, Rankenburg et al., 2005, Déruelle et al., 2007). Volcanic rocks are typically SiO,-
undersaturated in the oceanic sector, mainly basaltic at the continent—ocean boundary with
the exception of Mt Etinde that entirely consists of feldspathoids—rich lavas, then generally
bimodal in the continental massifs, with abundant mafic and felsic lavas and with few
intermediate terms.

The Ngaoundéré volcanic district which includes our study area is the easternmost area of
the CVL (Fig. 1). The volcanic activity dated between Oligocene and Pleistocene (Temdjim et
al., 2004, ltiga et al., 2013) is characterized by the presence of numerous and diverse
eruptive centers including lava flows, cones, plugs and maars respectively associated with
effusive and hydro—magmatic explosive dynamisms (Temdjim et al., 2006, Nkouandou et al.,
2008, Tiabou et al., 2019). Several studies based on xenoliths from Ngaoundéré volcanic
district (Nkouandou & Temdjim, 2011, Nguihdama et al., 2014, Nkouandou et al., 2015,
Adama et al., 2021, Wagsong Njombié et al., 2018) provide significant informations on the
nature and the evolution of the lithosphere beneath. The mantle xenoliths of this volcanic
district consist of lherzolite, harzburgite and olivine websterite in Ngaoundéré (Nkouandou et
al., 2015), harzburgite in Lake Guinnadji and Ngao Djalsoka (Adama et al., 2021), spinel—
bearing lherzolite in Hosséré Garba (Nguihdama et al., 2014), Ngao Voglar (Nkouandou &
Temdjim, 2011) and Youkou (Wagson Njombié et al., 2018). These xenoliths have been
interpreted to represent refractory mantle residues after partial melting that have likely
experienced refertilization processes. According to their equilibrium temperatures and
corresponding pressures, xenoliths from the Adamawa region have been entrained from

depths range of 25—-85 km (Nkouandou & Temdjim, 2011, Nkouandou et al., 2015) involving



140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

a limited asthenosphere upwelling. Metasomatic processes probably induced by plume—
related hydrous silicate melts have been locally recorded and invoked to explain secondary
enrichment in some highly incompatible trace elements (Wagsong Njombié et al., 2018,
Adama et al., 2021). Overall, the SCLM beneath the CVL is likely both vertically and laterally

heterogenous (Pintér et al., 2015).

I cenozoic to Recent volcanism (<65Ma)

I Fan-african granitoids (< 600Ma) ¢
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Figure 1: Location of the study area: (a) Geological sketch of Cameroon (modified after
Ngako et al., 2003; Owona et al., 2013) with position of the study area; (b) Simplified
geological map of the study area (modified from Mbassa et al., 2015). The hatched band
outlined by dashed yellow lines represents the CVL. The blue stars represent lava

enclosing mantle xenoliths.

3.Samples processing and analytical methods

12 samples from Bini Warak area, located NE of Ngaoundéré (Cameroon) including 6 mafic
lavas and 6 mantle xenoliths have been selected for the geochemical analyses. However,
these analyses have are supplemented by a certain number of published data from Tiabou et
al (2019) for a better discussion. Powders and thin sections of selected rock samples were

prepared at the laboratory Geosciences Environnement Toulouse (GET) of the CNRS-
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CNES-IRD-Université de Toulouse (France) for geochemical and mineralogical analyses.
Approximately 200 to 500 g of each sample were milled in a steel jaw crusher and then
pulverized in an agate mortar, for whole—rock geochemical and isotopic analysis. Whole—
rock major and trace elements concentrations have been determined at the Service
d’Analyses des Roches et des Minéraux (SARM—-CRPG, Nancy, France) by ICP-OES and
ICP-MS respectively, following the procedure described in Carignan et al. (2001).

The minerals major elements analyses were carried out at the Centre de
microcaractérisation Raimond Castaing of the CNRS—Université de Toulouse (France) using
a Cameca SX Five electron microprobe. All analyzed samples were carbon coated (15 nm
thick layer, density 2.25 g/cm®) before being introduced in the electron microprobe. The
analyses conditions were 15 kV accelerating voltage and 10 or 20 nA probe current
depending on the resistance of the mineral to the electron beam. The synthetic and natural
standards used for measurement of concentrations were: albite (Na), corundum (Al),
wollastonite (Si, Ca), sanidine (K), pyrophanite (Mn, Ti), hematite (Fe), periclase (Mg), Ni
metal (Ni), Cr,O3 (Cr) and reference zircon (Zr). The acquisition times for most analyzed
elements were 10 s at the peak and 5 s at either side of the peak for the continuous
background. The detection limits were 70 ppm for Cr and Zr and 100 ppm for Ni. The modal
proportion of minerals in lavas and xenoliths were determined using the PetroMode
spreadsheet (Christiansen, 2009) based on sample whole rock chemical composition and its
mineral phases. Minerals structural formulae were calculated using minerals spreadsheets
available on the GabbroSoft website at http://www.gabbrosoft.org/.

The Sr/Nd isotopic data were performed for 4 basanites at the GET laboratory, using the
Thermo Scientific TRITON+ solid source mass spectrometer, following Labou et al. (2020)
and Li et al. (2011, 2012) procedures. Before measurement, about 100 mg of whole rock
powder was weighed in a teflon beaker and dissolved in a 1:1 HF/HNO3; mixture. After
dissolution, samples were diluted in 1 ml, 2% HNO; and Nd/Sr were extracted from the
matrix (2N HNO3) using a combination of Sr—Spec and Thru—spec Eichrom resins. Mixed Sr

and REE were loaded on a Re filament and were run sequentially (first Sr then Nd) using a
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double Re filament protocol. Interferences on ®’Rb and ***Sm were monitored according to
the protocol of Li et al. (2012) and the quality and reproducibility of the measurements were
controlled using a sequential measurement of isotopic standards (SRM 987 and JNdi), doped
isotopic standards (NBS 987+ Rb and JNdi + Sm) and laboratory—dedicated Sr + REE
artificial solutions. Standard reproducibilities are ®Sr/*Sr = 0.710225, **Nd/**Nd =
0.512509 and **Nd/***Nd = 0.34897 for SRM-987 (pure and doped) and fall within the
recommended values. Measured blanks are 26 pg for Nd and 432 pg for Sr. #Sr/**Sr and
13Nd/**“Nd ratios were normalized against ®Sr/%Sr = 0.1194 and ***Nd/***Nd = 0.7219
respectively, after corrections from isobaric interferences using ®’Rb/®*Sr = 0.387041 on ®'Sr

and combination of **’Sm/**°Sm =1.08583 and **’Sm/***Sm = 4.87090 on ***Nd.

4. Results
4.1 Petrography
4.1.1 Host lavas

The host lavas have a microlitic aphyric or porphyritic texture (Fig. 2b-c) with a vacuolar
tendency. The groundmass is finely crystallized and made up of dominantly microlites of
plagioclase, olivine, pyroxene and opagque minerals microcrystals. The phenocryst phase is
dominated by olivine, pyroxene and opaque minerals. The accessory and/or secondary
minerals consist of carbonate and chlorite. The clinopyroxene phenocrysts (0.7 — 0.3 mm in
size) are elongated and subeuhedral with octagonal basal sections displaying two directions
of cleavage (HOL32). Olivine (15.22 — 18.06 wt%) crystals have irregular shapes and various
size (0.03 — 0.9 mm) and are often included in pyroxene although some hexagonal basal
sections generally cracked, with a core more or less altered or resorbed by the groundmass
(Fig. 2c) are locally observed. Some show a fan-shaped radial arrangement. Feldspar
phenocrysts (0.02 — 0.4 mm in size) are generally elongated, twinned with intersecting cracks
as the twin elongates, and with inclusion of opaque minerals (HOL32). The vacuoles are

locally filled with calcium carbonates.
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Several samples contain mantle xenoliths or basement enclaves, all exhibiting a reaction rim
in contact with the host lava. The crustal enclave displays a medium— to coarse—grained
texture, dominated by quartz, potassic feldspars (Kfs) and plagioclase. Fe—Ti oxides and

apatite are accessory minerals, while chlorite is secondary.

4.1.2 Mantle xenoliths

Mantle xenoliths and xenocrysts hosted in lavas are rounded or angular fragments of
variable size (1 — 8 cm). They are characterized by protogranular or porphyroblastic textures
(Fig. 2d-e), and usually display veinlets and melt pockets (Fig. 2g). When the xenocrysts are
isolated in the host lavas, they show coronitic reactions consisting either in a spinel
overgrowth or a spongy texture. They are essentially made up of four mineral phases
including olivine, clinopyroxene, orthopyroxene, and Cr-spinel which are apparently in
textural equilibrium. These rock—forming minerals display three generation of crystals: 1)
euhedral porphyroblasts locally displaying abundant kink bands, undulose extinction and
mechanical twins of orthopyroxene (Fig. 2d), olivine, and Cr-spinel; 2) equidimensional
granular neoblasts (Fig. 2f), and 3) microcrystals developed at the expense of porphyroblasts
or in intraxenolith melt pools (Fig. 2e-2g). Olivine (41.3 — 69.5 vol.%) occurs as anhedral
crystals with angular or sub—rounded shape of variable size (0.5 — 1.5 mm) and often
included in pyroxenes. They are generally cracked, often rimmed or partially altered into
serpentine (Fig. 2g) or Cr—spinel and locally exhibit undulose extinction. Clinopyroxene (11.2
— 22.2 vol.%) occurs both as small and as large porphyroblasts, often twinned and locally
exhibiting undulose extinction. Orthopyroxenes (9.8 — 37.4 vol.%) crystals are midway
between olivine and clinopyroxene in term of size (0.2 — 0.7 mm). Both clinopyroxene and
orthopyroxene crystals are frequently crosscut by parallel melt veinlets and often display
abundant fluid inclusions. Cr—spinels (~ 2 vol.%) are ubiquitous, and occur either as large
brown anhedral crystals (0.8 — 1.6 mm) rimmed by thick dark rim more or less altered, or as

fine dark microcrystals (< 0.8 mm). The small crystals are dark and mostly present at
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Figure 2: Macroscopic view of host lava and photomicrographs taken under crossed-
polarized light. (a) lava sample hosting mantle xenoliths; (b) Microlitic aphyric (SAF88)
and (c) microlitic porphyritic texture of the study lavas (SOT22); (d) Protogranular texture
in a spinel Iherzolite with a Cpx crystal showing spinel exsolution lamellae (BI\W805); (e)
Porphyroblastic texture in spinel lherzolite (BIW88); (f) Melt veinlets crosscutting olivine,
Opx and Cpx and twined clinopyroxene crystal displaying numerous fluids inclusions and
Cr-spinel encompassing olivine crystal (BIW88); (g) Cumulus olivine crystal altered into
serpentine, and melt pocket around spinel crystal (BIW88); (h) Partially altered Opx
phenocrystal including olivine and displaying parallel melt veinlets (BIW88). Mineral

symbols are from Kretz et al. (1983); Fl= fluid inclusion.

4.2 Minerals major elements composition
Some representative microprobe analyses of minerals major element compositions of lavas

and hosted lherzolites are presented in Tables 1-4.

4.2.1 Feldspars
Representative feldspars analyses from Bini Warack lavas exhibit wide ranges of CaO (0.1 —
13.8 wt%), Al,O5(18.6 — 30.5 wt%), and FeO (0.1 — 1.12wi%) contents (see Table 1). In the
An—-Ab-Or ternary diagram (Fig. 3a), plagioclase compositions range from labradorite
(Ang7.43-51.86) 10 albite (Anges) in basanites, from labradorite (Anss»1-s047) t0 andesine (Ansgos-
30.36) IN latite. The rare analyzed alkali feldspar is a sanidine (Abs7550rs,.05) Xenocryst, also
observed in basanite (Sample MBA11 - Analyse C3). A compositional variation marked by a
significant enrichment in Al,O3, K,O and CaO and depletion Na,O from the core to the rim of

crystals, is noticed in some andesine crystals of the latite (BJM59A).

4.2.2 Olivine
Olivine crystals from lavas (F07¢9-90.4) display higher FeO (8.7 — 25.7 wt%), CaO (0 — 0.4

wt%) and MnO (0.1 — 0.6 wt%), but lower MgO (35.8 — 49.6 wt%) and NiO (0.1 —0.5 wt%)
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contents than those in hosted spinel lherzolites (FeO: 9.5 — 10.2 wt%; MnO: 0.1 — 0.2 wit%;
CaO: 0 — 0.1 wi%; NIiO: 0.3 — 0.4 wt%; MgO: 47.4 — 49.1 wi%) which are slightly more
forsteristic (Fogg291 against Fo7;91) with lower Fo deviation (~2 mol%) (Table 2).
Compositions of olivine xenocrysts present in basanite samples BIW88 and BIW8BA (FeO:
8.7 — 14.6 wt%; CaO: 0 — 0.2 wt%; MnO: 0.1 — 0.3 wt%; MgO: 44.7 — 49.2 wt%; NiO: 0.2 —
0.5 wt%) are somewhat comparable with those in Iherzolites although one crystal displays
lower forsterite content (Fogs,). The Fo contents of Bini Warack Iherzolitic olivines fit with the
compositional of SCLM olivines (Arai, 1994). Referring to their CaO contents range, olivine
grains from lavas are mostly of magmatic origin (CaO > 0.1 wt%) contrary to those in hosted
spinel-bearing Iherzolites which are of residual origin (mostly CaO < 0.1 wt%) according to
Thompson & Gibson (2000). Overall, olivine of spinel Iherzolites from Bini Warack displays
similar compositions to those of mantle xenoliths from the northern Kapsiki (Tamen et al.,
2015) and are more variable compared to those of Nyos (Temdjim et al., 2004), Mount
Cameroon (Suh et al., 2008), Kumba (Lee et al., 1996; Teitchou et al., 2007) and Sao Tomé
(Caldeira & Munha, 2002). The presence of well-preserved zoned olivine within the studied
basaltic lavas is indicative both of a rapid ascent to the surface of their magma, and also of a

short duration of the interaction between basaltic melt and hosted Iherzolite.

4.2.3 Orthopyroxene
Orthopyroxenes are essentially present in lherzolites, although some xenocrysts are found in
some basanites and basalts. The main orthopyroxenes end-members components are Eng; 6.
88.3FSe.10.5 fOr Xenocrysts and Engg g g9 5FSg_10 in Iherzolites. There are chemically characterized
by CaO (0.3 — 1.3 wt%), Al,O3 (2.5 — 5.1 wt%) and exhibit relatively low TiO, (0 — 0.2 wt%)
and Cr,05 (0.2 — 0.8 wt%) contents. Their Mg# = [100Mg/(Mg + Fe*")] vary between 89.7 and
90.9 and enstatite contents range from 86.8 to 89.5 mol% (Table 3). The studied
orthopyroxenes display higher enstatite contents and thus Xy, compared to those from

Kapsiki mantle xenoliths (En: 77 — 85 mol%; XMg: 0.89 — 0.92; Tamen et al., 2015).
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4.2.4 Clinopyroxene

Clinopyroxene mainly consists of Cr-diopside (WO04e 47EN426-44FS442ACe 7) in lherzolite
sometimes associated with pigeonite (Wo1:EnsgFsgAc,), diopside in basanites and basalts
(W047_50EN27_39FS1120AC24), and accessory augite (Wo0sggENnggFS1sAC,) in latite. Their
compositions are homogeneous at a sample scale but vary from Iherzolites to the host lavas.
Cr-diopside is characterized by high Xy (~ 0.92) and display significant Cr,O; (0.7 — 0.8
wit%), low TiO, (0.3 — 0.4 wi%) and constant Al,O3 (5.5 — 6.1 wt%) contents compared to
diopside found in basanites and basalts which has very low Xy (0.6 — 0.8), low Cr,O3 (0 —
0.4 wt%), and high TiO, (2.5 — 7.7 wi%) and Al,O3; (5.5 — 11.9 wi%) contents. The single
analyzed pigeonite crystal (Xyg = 0.90) found included in a Cr-diopside is Mn-poor (MnO:
0.11 wt%), more aluminous (Al,O3: 4.96 wt%) and more magnesian (MgO: 28.4 wt%) relative
to those analyzed in peralkaline trachyte from the neighboring Tchabal Mbabo massif (MnO:
3.3 — 3.6 wt%,; Bardintzeff et al.,, 2020) and to those described in trachyandesites from
French Massif Central (Maury & Brousse, 1978: MnO= 0.7 — 2 wt%).

Clinopyroxenes within mantle xenoliths of sample BIW805 are characterized by SiO,
contents ranging between 52.8 and 53.1 wt%, TiO, (0.28 — 0.3 wt%), Al,O3 (5.5 — 6.2 wt%),
CaO (21 — 21.7 wi%), Na,O (1.65 — 1.7 wt%) and Mg# (92.9 — 94.5), high AlY" and low
AIV/AI ratio, similar to clinopyroxenes formed by basaltic melt-mantle peridotite reactions at
mantle depths (Yuan & Yan, 2022). The spinel Iherzolites from Bini Warack contain olivine
with average Mg# of 90, coexisting with Opx of Mg# 90 and Cpx with Mg# 93, which is typical

of equilibrium Iherzolite assemblages.
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Table 1: Representative analyses of feldspars from Bini Warack lavas: (b) =border, (m) =
middle and (c) =core

Rock type Basanite

Sample BIW88A MBA11l SAF88 Sot22

Analyse C1 Cl(c) cC4 Cc3 Ci(m) | C3(m) C4(m) Cl(m) C3 c3 c4 Cc4 C5 C5 C5
SiO, 52.39 53.51 52.32 66.89 52.88 53.54 5355 51.52 5291 5491 5260 5210 51.44 51.23 50.53
TiO, 0.56 0.20 0.15 0.00 0.12 0.16 0.32 0.08 0.15 0.21 0.17 0.16 0.04 0.09 0.12
Al,O3 28.49 28.72 29.81 18.56  28.65 29.02 27.43 29.81 2850 26.25 29.08 28.94 2940 29.29 29.71
FeO 1.12 0.71 0.47 0.05 0.56 0.63 0.77 0.73 044 0.70 0.64 0.64 0.68 0.58 0.68
CaO 11.52 11.28 12.95 0.08 11.56 11.93 11.07 12.80 1198 8.72 1234 1232 13.02 13.16 13.40
Na,O 4.60 4.75 4.14 5.32 4.75 4.85 5.08 374 436 563 3.88 411 3.92 3.83 3.30
K20 1.21 0.44 0.33 8.85 0.26 0.29 0.91 0.33 047 134 0.64 0.58 0.52 0.43 0.42
BaO - 0.07 - 0.00 0.03 - - 0.10 0.10 0.61 0.11 0.15 0.01 0.08 0.04
MnO 0.02 0.00 0.01 0.00 0.00 0.03 0.04 0.06 0.03 0.01 0.00 0.01 0.02 0.03 0.09
MgO 0.32 0.03 0.08 0.00 0.08 0.02 0.31 0.09 0.06 0.01 0.04 0.10 0.09 0.05 0.16
NiO 0.02 0.05 0.07 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.03
F - 0.03 - 024  0.16 - - 000 005 000 000 000 037 005 011
Total 100.27 99.80 100.35 99.99 99.07 100.47 99.48 99.27 99.07 98.43 99.49 99.16 99.53 98.83 98.60
Si 9.61 9.75 9.51 12.059 9.71 9.69 9.84 9.47 9.72 10.16 9.63 9.60 9.48 9.48 9.39
Ti 0.08 0.03 0.02 0.00 0.02 0.02 0.04 0.01 0.02 0.03 0.02 0.02 0.01 0.01 0.02
Al 6.18 6.17 6.39 3.94 6.20 6.19 5.94 6.46 6.17 5.72 6.27 6.28 6.39 6.39 6.51
Fe?" 0.17 0.11 0.07 0.01 0.09 0.10 0.12 0.11 0.07 0.11 0.10 0.10 0.11 0.09 0.11
Ca 2.26 2.20 2.52 0.02 2.28 231 2.18 252 236 173 2.42 2.43 2.57 2.61 2.67
Na 1.64 1.68 1.46 1.86 1.69 1.70 1.81 1.33 155 2.02 1.38 1.47 1.40 1.37 1.19
K 0.28 0.10 0.08 2.04 0.06 0.07 0.21 0.08 0.11 0.32 0.15 0.14 0.12 0.10 0.10
Ba 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.01 0.01 0.00 0.01 0.00
SUM 20.20 20.03 20.05 19.92 20.05 20.08 20.15 19.99 20.01 20.12 19.98 20.04 20.08 20.06 19.98
An 54.12 55.30 62.16 0.40 56.49 56.67 51.86 64.13 58.64 4253 61.32 60.25 62.80 63.88 67.43
Ab 39.11 42.14 35.96 47.55  42.00 41.69 43.07 33.91 38.62 49.69 34.89 36.37 34.22 33.64 30.05
Or 6.77 2.57 1.87 52.05 1.51 1.64 5.08 197 274 7.78 3.79 3.38 2.97 2.49 2.52
Table 1 (end)

Rock type Basanite Latite

Sample SOT22 HOL32 BJM59A

Analyse c6 C6 c6 C6 C6 C1(m) C3(c) C3(c) C3(b) C4-(m) _ (C5) C5(m)

SiO; 52.87 52.70 52.29 51.08 51.50 56.81 61.01 60.46 56.38 55.86 54.70 55.19

TiO, 0.39 0.16 0.16 0.14 0.10 0.06 0.00 0.00 0.08 0.05 0.07 0.12

Al,O4 24.17 29.46 29.04 30.21 30.50 26.39 24.22 24.09 26.26 27.08 27.92 27.51

FeO 111 0.62 0.61 0.60 0.50 0.58 0.21 0.20 0.52 0.54 0.45 0.59

CaO 8.72 1252 12.68 13.86 13.87 9.34 6.42 6.53 9.16 9.92 11.05 10.55

Na,O 5.56 4.19 4.01 3.41 3.68 5.97 7.89 7.88 6.03 5.49 5.00 5.24

K20 2.56 0.32 0.36 0.34 0.33 0.90 0.56 0.60 0.74 0.63 0.56 0.73

BaO 0.31 0.02 0.04 0.04 - - - 0.01 0.00 - - -

MnO 0.00 0.03 0.04 0.00 0.03 0.00 0.02 0.01 0.04 0.01 0.00 0.00

MgO 0.12 0.06 0.08 0.22 0.09 0.06 0.00 0.01 0.09 0.05 0.12 0.05

NiO 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.05 0.05 0.00 0.00 0.00

F 0.05 0.00 0.00 0.19 - - - 0.08 0.08 - - -

Total 95.96 100.08 99.31 100.09 100.63 100.14  100.33 99.92 99.42 99.63 99.87 99.98

Si 10.16 9.57 9.595 9.36 9.36 10.26 10.85 10.83 10.26 10.13 9.93 10.00

Ti 0.06 0.02 0.022 0.02 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.02

Al 5.48 6.32 6.280 6.52 6.53 5.62 5.08 5.08 5.63 5.79 5.97 5.88

Fe** 0.18 0.09 0.094 0.09 0.08 0.09 0.03 0.03 0.08 0.08 0.07 0.09

Ca 1.80 244 2493 2.72 2.70 1.81 1.22 1.25 1.79 1.93 2.15 2.05

Na 2.07 1.48 1.427 1.21 1.30 2.09 2.72 2.74 2.13 1.93 1.76 1.84

K 0.63 0.07 0.084 0.08 0.08 0.21 0.13 0.14 0.17 0.15 0.13 0.17

Ba 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SUM 20.39 20.01 20.00 20.01 20.05 20.07 20.03 20.07 20.06 20.01 20.02 20.05

An 39.95 61.12 62.26 67.82 66.29 44.03 30.05 30.37 43.72 48.14 53.22 50.46

Ab 46.09 37.02 35.63 30.20 31.83 50.92 66.83 66.31 52.08 48.22 43.57 45.37

Or 13.96 1.86 2.10 1.98 1.88 5.05 3.12 3.32 4.21 3.64 3.21 4.16
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Table 2: representative analyses of olivines form study area; (b) =border and (c) =core

Rock type Basanite

Samples BIW88A SAF88 Sot22

Analyses Cl-b C2(c) C2(b) C2(c) c3 C3 C4(b) C4(c) C4(c) c1 c3 C2 C2(c) C2b) Ci(b) Ci(c) C3 C4(b) C4(c) C5 C6(c) C6(b)
SiO; 39.90 39.75 41.28 41.48 41.64 41.75 40.71 41.32 41.35 38.19 39.34 40.16 40.55 39.70 39.84 39.35 40.20 40.26 40.39 38.58 38.97 40.17
TiO, 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al,O3 0.00 0.10 0.00 0.07 0.00 0.06 0.05 0.00 0.06 0.08 0.02 0.02 0.05 0.03 0.04 0.04 0.06 0.02 0.04 0.08 0.00 0.00
Cr,03 0.00 0.02 0.01 0.04 0.03 0.06 0.01 0.03 0.03 0.01 0.01 0.02 0.04 0.02 0.02 0.00 0.03 0.02 0.03 0.00 0.01 0.03
FeO 18.34 17.61 9.15 8.68 8.83 8.90 10.34  10.08 9.69 25,71  20.04 | 1552 1410 1642 17.13 1954 15.03 1452 15775 2191 20.83 14.24
MnO 0.35 0.21 0.18 0.19 0.15 0.16 0.06 0.16 0.05 0.57 0.48 0.27 0.25 0.28 0.21 0.29 0.25 0.22 0.09 0.29 0.23 0.20
MgO 41.49 42.21 48.94 49.34 49.09 49.48 48.02 48.85 48.34 35.83 40.51 43.17 44.77 42.27 42.42 40.37 43.93 44.45 43.54 38.34 39.93 45.05
NiO 0.14 0.10 0.45 0.30 0.44 0.47 0.30 0.45 0.34 0.05 0.21 0.17 0.21 0.17 0.25 0.23 0.24 0.23 0.20 0.05 0.06 0.14
CaO 0.31 0.09 0.12 0.13 0.06 0.08 0.10 0.10 0.12 0.38 0.07 0.36 0.28 0.32 0.11 0.04 0.23 0.27 0.17 0.23 0.14 0.20
Na,O 0.06 0.00 0.00 0.00 0.00 0.00 0.07 0.03 0.00 0.02 0.00 0.01 0.00 0.00 0.01 0.00 0.02 0.02 0.00 0.03 0.05 0.00
K20 0.00 0.00 0.06 0.00 0.06 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.00 0.01 0.00 0.03 0.02 0.00
Total 100.60 100.18 100.25 100.36  100.33 100.98 99.79 101.12 100.00 100.92 100.69 | 99.71 100.25 99.22 100.04 99.89 100.00 100.10 100.34 99.55 100.29 100.13
Si 1.01 1.01 1.01 1.01 1.01 1.01 1.00 1.01 1.01 1.00 1.01 1.02 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.00 1.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 0.39 0.37 0.19 0.18 0.18 0.18 0.21 0.21 0.20 0.57 0.43 0.33 0.29 0.35 0.36 0.42 0.32 0.30 0.33 0.48 0.45 0.30
Mn 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
Mg 1.57 1.60 1.78 1.79 1.78 1.78 1.77 1.77 1.76 1.40 1.54 1.63 1.67 1.61 1.60 1.55 1.65 1.66 1.63 1.49 1.53 1.68
Ni 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.01
Total 2.99 2.99 2.99 2.99 2.99 2.99 3.00 3.00 2.99 3.00 3.00 2.99 2.99 2.99 2.99 2.99 2.99 3.00 2.99 3.00 3.00 3.00
Fo 79.83 80.85 90.34 90.84 90.69 90.68 89.17 89.48 89.85 70.85 77.87 82.97 84.76 81.86 81.35 78.40 83.67 84.31 83.05 75.48 77.17 84.76
Fa 19.79 18.92 9.47 8.96 9.15 9.15 10.77 10.36 10.10 28.51 21.61 16.73 14.97 17.84 18.42 21.28 16.06 15.45 16.85 24.19 22.58 15.03
Tp 0.38 0.23 0.19 0.20 0.16 0.17 0.06 0.17 0.05 0.64 0.52 0.29 0.27 0.31 0.23 0.32 0.27 0.24 0.10 0.32 0.25 0.21
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Table 2 (continue)

Rock type Basanite Basalt

Sample HOL32 MBA11

Analyse c1 c2 c2 ca ca ca cs c5 cs c1 c2 c2(c) c2(b) c2(c) Ca(b) C4(c) c5 c5
SiO, 39.68 40.06 40.53 39.72 40.21 39.76 39.73 39.92 39.90 41.52 40.86 40.95 41.33 41.44 41.53 41.03 42.05 41.55
TiO, 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00
Al,O3 0.00 0.06 0.04 0.07 0.00 0.11 0.00 0.09 0.05 0.07 0.03 0.05 0.08 0.02 0.06 0.04 0.05 0.05
Cr,03 0.00 0.01 0.00 0.05 0.05 0.02 0.01 0.00 0.04 0.02 0.02 0.00 0.03 0.02 0.02 0.00 0.01 0.01
FeO 16.55 16.76 14.5 12.71 12.96 15.09 13.03 15.31 13.77 10.38 11.31 11.68 10.72 10.28 9.47 9.49 8.72 8.94
MnO 0.18 0.09 0.24 0.17 0.22 0.32 0.20 0.27 0.16 0.13 0.21 0.14 0.14 0.11 0.20 0.10 0.12 0.17
MgO 44.02 43.77 45.04 47.55 46.8 45.36 46.69 44.15 45.98 48.35 47.85 47.6 48.21 48.73 48.88 48.47 48.84 49.62
NiO 0.28 0.22 0.25 0.22 0.36 0.28 0.23 0.15 0.32 0.39 0.28 0.42 0.34 0.37 0.5 0.41 0.3 0.36
CaO 0.10 0.15 0.04 0.31 0.22 0.20 0.15 0.05 0.20 0.06 0.05 0.04 0.14 0.11 0.05 0.02 0.04 0.08
Na,O 0.00 0.01 0.00 0.04 0.01 0.00 0.07 0.05 0.02 0.00 0.02 0.07 0.03 0.02 0.01 0.00 0.11 0.00
K,0 0.02 0.00 0.00 0.00 0.01 0.03 0.00 0.04 0.00 0.00 0.02 0.01 0.01 0.00 0.03 0.01 0.01 0.00
Total 100.84 101.12 100.65 100.84 100.86 101.18 100.12 100.03 100.44 100.93 100.65 100.97 101.02 101.10 100.76 99.66 100.33 100.86
Si 1.00 1.00 1.01 0.98 1.00 0.99 0.99 1.00 1.00 1.01 1.00 1.00 1.01 1.01 1.01 1.01 1.02 1.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe®* 0.35 0.35 0.30 0.26 0.27 0.31 0.27 0.32 0.29 0.21 0.23 0.24 0.22 0.21 0.19 0.19 0.18 0.18
Mn 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 1.65 1.63 1.67 1.76 1.73 1.69 1.74 1.66 1.71 1.75 1.75 1.74 1.75 1.77 1.77 1.77 1.77 1.79
Ni 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ca 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 3.01 3.00 2.99 3.02 3.01 3.01 3.01 3.00 3.01 2.99 3.00 3.00 2.99 3.00 2.99 2.99 2.98 2.99
Fo 82.43 82.24 84.49 86.81 86.36 83.99 86.28 83.47 85.47 89.13 88.10 87.77 88.78 89.32 90.01 90.01 90.78 90.66
Fa 17.38 17.66 15.26 13.01 13.41 15.67 13.51 16.24 14.36 10.73 11.68 12.08 11.07 10.57 9.78 9.88 9.09 9.16
Tp 0.19 0.10 0.26 0.18 0.23 0.34 0.21 0.29 0.17 0.14 0.22 0.15 0.15 0.11 0.21 0.11 0.13 0.18
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Rock type Lherzolite Xenocrists
Sample BIW805 BIWS88BA BIW88
Analyse Cl(b) Cl(c) C2 C2(b) C3 Cc3 C3(c) C3  C3(c) C4  C4(c) C6 C6 C7(b) C7(c) c7 C5 C5(b) C5 C4 C6 Cc2
SiO, 41.08 4137 4139 4149 41.11 41.15 41.32 41.01 4115 4135 4119 41.3 41.69 4128 4115 41.24 41.4 40.99 40.79 4159 41.42 40.41
TiO, 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Al,O3 0.06 0.04 0.01 0.05 0.03 0.00 0.03 0.05 0.03 0.04 0.00 0.01 0.00 0.00 0.05 0.03 0.04 0.02 0.00 0.04 0.05 0.06
Cr,0,4 0.05 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.01 0.00 0.00 0.03 0.03 0.04 0.00 0.01 0.02
FeO 10.07 9.76 9.69 9.64 9.56 9.62 9.59 9.66 9.62 9.53 9.62 9.67 9.78 9.79 9.72 9.65 8.67 8.96 9.68 10.23 10.01 14.75
MnO 0.13 0.10 0.15 0.19 0.13 0.15 0.13 0.14 0.10 0.10 0.10 0.13 0.11 0.17 0.11 0.14 0.15 0.15 0.18 0.11 0.16 0.25
MgO 4738 4798 48.82  48.26 48.52 48.30 48.00 48.27  48.38  48.15 48.27 4851 49.09 48.62 48.79  48.49 49.17 49.56 48.58 4858  48.62 44.67
NiO 0.37 0.42 0.30 0.33 0.33 0.39 0.36 0.44 0.32 0.36 0.37 0.35 0.34 0.43 0.34 0.43 0.52 0.40 0.42 0.44 0.38 0.22
CaO 0.12 0.11 0.06 0.04 0.07 0.05 0.04 0.07 0.08 0.06 0.08 0.07 0.03 0.02 0.04 0.06 0.05 0.08 0.09 0.03 0.02 0.19
Na,O 0.03 0.00 0.00 0.00 0.02 0.00 0.01 0.00 0.00 0.03 0.04 0.00 0.00 0.04 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.04
K0 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.00 0.01 0.05 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.03 0.01 0.00 0.00
Total 99.29  99.77 100.43 100.03 99.79 99.67 99.48 99.67 99.68 99.64 99.73 100.06 101.04 100.37 100.24 100.05 | 100.06  100.33 99.82 101.03 100.68 100.62
Si 1.02 1.02 1.01 1.01 1.01 1.01 1.02 1.01 1.01 1.02 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.00 1.00 1.01 1.01 1.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe** 0.21 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.18 0.18 0.20 0.21 0.20 0.31
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Mg 1.75 1.76 1.77 1.76 1.78 1.77 1.76 1.77 1.77 1.76 1.77 1.77 1.77 1.77 1.78 1.77 1.79 1.80 1.78 1.76 1.77 1.66
Ni 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Total 2.99 2.99 2.99 2.99 2.99 2.99 2.98 2.99 2.99 2.99 2.99 2.99 2.99 2.99 2.99 2.99 2.99 3.00 3.00 2.99 2.99 3.00
Fo 89.22 89.66 89.84 89.74 89.93 89.81 89.80 89.78 89.87 8991 89.85 89.82 89.85 89.69 89.85 89.83 90.86 90.65 89.78 89.33  89.50 84.15
Fa 10.64 10.23 10.00 10.05 9.94 10.03 10.06 10.08  10.02 9.98 10.04 10.04 10.04  10.13 10.04 10.03 8.99 9.19 10.03 10.55 10.33 15.58
Tp 0.14 0.11 0.16 0.20 0.14 0.16 0.14 0.15 0.11 0.11 0.11 0.14 0.11 0.18 0.12 0.15 0.16 0.16 0.19 0.11 0.17 0.27
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Table 3: Representative analyses of pyroxenes; a- clinopyroxenes

Rock type Basanite Latite Lherzolite 361
Sample Sot22 HOL32 BIWSS BIMS9A BIWS05

Analyse c6 C6 c1 c1 c1 C5 (i) c6 C5 c3 c7)  362()
SiO; 47.25 37.41 46.86 44.64 47.99 53.02 53.14 49.38 53.09 52.82 52.8
TiO, 3.58 7.67 2.54 3.95 2.47 0.37 0.34 1.65 0.29 0.28 3630
Al,0, 6.69 11.07 5.58 8.20 5.47 6.12 5.90 452 551 5.92 15
Cr,03 0.03 0.00 0.08 0.42 0.12 0.80 0.78 0.13 0.70 0.00 3 ézﬁo
FeO 8.85 12.02 7.20 7.19 6.89 2.33 2.40 10.73 241 2.41 N4
MnO 0.26 0.23 0.09 0.11 0.21 0.09 0.03 0.22 0.13 0.03 3@54
MgO 10.82 8.25 13.38 11.84 13.63 14.50 14.68 13.69 14.82 14.8 6
CaO 21.37 19.86 23.19 22.74 22.86 22.11 22.09 18.82 21.44 21.68 ;gés
Na,O 0.79 0.89 0.44 0.56 0.42 1.73 1.61 0.52 1.66 1.65 70
K.O 0.13 0.19 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 3691
NiO 0.11 0.00 0.03 0.00 0.05 0.00 0.00 0.00 0.04 0.06 39§§)3
Total 99.88 97.59 99.39 99.66 100.11 101.07 100.97 99.66 100.09 99.66 37041
Si 1.78 1.49 1.77 1.69 1.79 1.90 1.91 1.86 1.92 1.92 37192
AlY 0.22 0.51 0.23 0.31 0.21 0.10 0.09 0.14 0.08 0.09 3-}1%)8
Alv 0.08 0.01 0.02 0.05 0.03 0.16 0.16 0.06 0.15 0.17 0218
Fe* 0.00 0.18 0.14 0.10 0.09 0.03 0.02 0.04 0.01 003 3561
Cr 0.00 0.00 0.00 0.01 0.00 0.02 0.02 0.00 0.02 0.00 3740
Ti 0.10 0.23 0.07 0.11 0.07 0.01 0.01 0.05 0.01 0.01 3.8%1
Fe? 0.28 0.22 0.08 0.12 0.12 0.04 0.06 0.29 0.06 0.05 16
Mn 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 300
Mg 0.61 0.49 0.75 0.67 0.76 0.76 0.79 0.77 0.80 0.80 3PR0
Ca 0.86 0.85 0.94 0.92 0.96 0.85 0.85 0.76 0.83 0.84 3g£2
Na 0.06 0.07 0.03 0.04 0.03 0.12 0.11 0.04 0.12 0.12 %12
K 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3o
SUM 4.00 4.06 4.05 4.03 4.03 4.01 4.01 4.01 4.00 4.01 381
Fe®'I(Fe* +Fe®) 0.99 0.54 0.37 0.55 0.56 0.62 0.79 0.88 0.84 0.64 38k
XMg 0.69 0.70 0.90 0.84 0.86 0.95 0.93 0.72 0.93 0.95 3823
Wo 4752 46.87 48.08 49.56 4754 46.740 46.68 39.76 4557 45.97 P8
En 33.48 27.09 38.61 35.91 39.44 42.66 43.17 40.25 43.83 43.67 3@@3
Fs 15.81 22.24 11.66 12.32 11.44 3.99 4.00 18.00 421 4.03 81
Ac 3.18 3.80 1.65 2.21 1.58 6.62 6.16 1.99 6.39 6.33 3858
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Table 3b- Orthopyroxenes: (b) =border, (c) =core and (i) =inclusion.

Rock type Basanite Lherzolite

Sample MBA11l BIW88A BIW88 BIW805

Analyses C1 C3(i) C3-1 C3(i) Cc2 C4 (b) C4(c) C4 C5() C5() C6() C6(c)| Ci(b) Ci(c) C2(c) C2 C4(c) C4(c) C6(b) C6(c) C6(c) C6(i)
SiO, 55.70 55.96 57.63 57.27 56.17 56.00 56.07 55.61 56.00 55.08 56.12 56.11| 56.07 56.10 55.73 55.48 55.91 55.77 56.3 56.46 54.96 55.51
TiO, 0.10 0.06 0.03 0.05 0.06 0.06 0.06 0.05 0.07 0.17 0.05 0.06| 0.05 0.04 0.06 0.06 0.04 0.04 0.05 0.04 0.04 0.06
Al;03 471 3.66 2.50 2.59 3.93 4.11 4.15 4.44 3.94 4.96 3.82 413| 338 355 423 418 357 3.54 3.04 3.15 5.05 5.05
Cr,04 0.33 0.76 0.15 0.16 0.33 0.37 0.37 0.39 0.35 0.53 0.32 0.36| 022 0.28 0.37 034 0.29 0.27 0.24 0.25 0.42 0.45
FeO 6.65 5.74 6.63 6.50 6.67 6.70 6.63 6.44 6.68 5.64 6.68 6.66 | 6.26 6.39 659 6.40 6.34 6.55 6.26 6.32 6.31 6.31
MnO 0.23 0.14 0.07 0.13 0.16 0.18 0.13 0.16 0.18 0.11 0.13 0.14| 022 015 0.17 021 0.14 0.14 0.23 0.10 0.17 0.20
MgO 32.29 3243 3439 3373 3297 32.95 33.17 33.01 3328 2843 3336 33.19| 32.67 32.65 32.98 3249 3254 32.79 33.31 3343 32.04 31.3
CaO 0.73 1.18 0.37 0.30 0.37 0.30 0.33 0.37 0.32 5.44 0.31 0.33| 047 0.50 040 051 0.58 0.46 0.29 0.36 0.82 1.26
Na,O 0.13 0.12 0.04 0.04 0.05 0.06 0.05 0.07 0.05 0.44 0.02 0.02| 0.08 0.04 0.04 0.04 0.06 0.04 0.05 0.04 0.12 0.15
K20 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 0.01
NiO 0.14 0.08 0.13 0.11 0.11 0.08 0.09 0.11 0.11 0.08 0.06 0.09| 0.07 0.06 0.10 0.08 0.10 0.10 0.11 0.12 0.07 0.04
TOTAL 101.01  100.14 101.94 100.88 100.82 100.81 101.05 100.65 100.98 100.89 100.87 101.09 | 99.49 99.76 100.67 99.79 99.57 99.7 99.91 100.28 100.02 100.34
Si 191 1.93 1.95 1.96 1.93 1.92 1.92 191 1.92 191 1.92 192| 194 194 191 192 194 1.93 1.94 1.94 1.90 191
Al 0.09 0.07 0.05 0.04 0.08 0.08 0.08 0.09 0.08 0.09 0.08 0.08| 0.06 0.06 0.09 0.08 0.06 0.07 0.06 0.06 0.10 0.09
Al 0.10 0.08 0.05 0.06 0.08 0.09 0.08 0.09 0.08 0.11 0.08 0.08| 0.08 0.08 0.09 0.09 0.08 0.08 0.07 0.07 0.11 0.12
Fe* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.01 0.02 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01| 001 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe®* 0.19 0.17 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.16 0.19 0.19| 0.18 0.19 019 019 0.18 0.19 0.18 0.18 0.18 0.18
Mn 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00| 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.01
Mg 1.65 1.67 1.74 1.72 1.68 1.68 1.69 1.69 1.70 1.47 1.70 169 169 1.68 169 168 1.68 1.69 1.71 171 1.65 1.61
Ca 0.03 0.04 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.20 0.01 0.01| 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.03 0.05
Na 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.00 0.00| 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SUM 3.99 3.99 4.00 3.99 3.99 3.99 4.00 4.00 4.00 4.00 4.00 3.99| 400 3.99 400 399 399 3.99 3.99 3.99 4.00 3.98
Fe?/(Fe*"+Fe®") 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.10 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00
XMg 0.90 0.91 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90| 0.90 0.90 0.90 090 0.90 0.90 0.90 0.90 0.90 0.90
Wo 1.42 231 0.69 0.57 0.72 0.58 0.64 0.72 0.61 10.82 0.60 0.64| 092 0.98 0.77 100 114 0.90 0.56 0.69 1.62 251
En 87.62 88.26 89.40 89.40 88.77 88.79 89.00 89.04 8892 7866 89.12 89.04| 88.87 88.86 88.86 88.71 88.71 88.78 89.47 89.51 87.96 86.78
Fs 10.49 9.00 9.78 9.89 10.34 10.42 10.19 10.00 10.29 894 10.22 10.25| 9.92 10.02 10.23 10.15 9.94 10.18 9.80 9.66 9.99 10.17
Ac 0.46 0.43 0.14 0.14 0.18 0.21 0.17 0.25 0.17 1.58 0.07 0.07| 028 0.14 014 014 0.21 0.14 0.18 0.14 0.43 0.54




396 Table 4: Representative analyses of spinels. FeO and Fe,O3; have been recalculated from analytic microprobe FeOt; (b)=border, (c)=core and
397 (i) = inclusion

Rock type Basanite Latite Lherzolite

Sample Sot22 HOL32 BIW88BA MBA11 SAF88 BJIM59A BIW805 BIW88
Comment C5 C6(b) C6 C1(i) C3 C5 C4 C5 Cl Cl(b) Ci(c) C3 C4 C5 Cc2 Cc2 C4 C4(c) C6(b) Cc7 C3 C1 Cc2
SiO, 0.00 0.14 0.01 0.09 0.09 0.00 0.07 0.11 0.05 0.02 0.00 0.01 0.04 0.72| 002 0.00 0.01 0.01 0.04 0.02 0.03 8.52 0.02
TiO, 20.11 21.05 20.77 22.76 0.00 24.72 2454 1.85 21.48 21.03 0.05 23.76 494 46.88 | 0.00 0.03 0.01 0.02 0.01 0.00 0.00 3.39 0.07
Al,Oq 6.73 6.01 7.07 595 37.78 4.13 4.10 28.62 245 446  43.07 2.83 0.72 0.12 | 55.33 55.39 55.52 55.61 55.87 55.26 56.84 32.38 54.47
Cr,0, 0.67 0.50 0.64 1.43 28.56 0.40 0.31 2473 091 192 21.67 0.12 0.01 0.04| 951 977 945 9.57 9.06 9.43 10.26 13.69 9.57
V,0, 0.19 0.17 - - 0.02 - - - - - - - - - - - - - - - - - 0.00
FeO 42.86 44.66 40.65 44.63 10.28 47.10 46.83 19.61 4442 4271 17.05 46.25 58.02 42.39| 869 879 834 8.64 8.54 8.81 9.43 25.73 11.48
Fe,Ozc 23.63 20.75 2279 1931 4.41 18.66  19.08 12.33 25.29 2347 2.85 22.68 35.01 0.00| 4.08 3.65 4.27 3.91 3.94 410 221 0.00 4.09
MnO 0.63 0.50 0.48 0.63 0.15 0.80 0.76 042 085 0.70 0.38 0.78 0.57 5.93| 0.06 0.08 0.16 0.11 0.09 0.07 0.08 032 0.24
MgO 474 3.84 6.47 5.29 17.89 4.50 4.63 11.73 3.82 5.03 13.76 4.40 0.00 0.01|20.52 20.46 20.78 20.63 20.68 20.42 20.33 11.56 18.61
CaO 0.00 0.06 0.20 0.01 0.00 0.03 0.06 0.04 0.16 0.08 0.00 0.11 0.01 0.95| 0.03 0.00 0.00 0.00 0.03 0.00 0.00 230 0.01
ZnO 0.01 0.00 - - 0.00 - - - - - - - - - - - - - - - - - 001
Na,O 0.06 0.02 0.06 0.04 0.01 0.02 0.00 0.00 0.00 0.00 0.01 0.07 0.00 0.00| 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.75 0.02
K20 0.00 0.04 0.03 0.00 0.00 0.02 0.00 0.01 0.05 0.00 0.00 0.02 0.00 0.02| 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00
NiO 0.09 0.06 0.14 0.08 0.27 0.06 0.12 0.07 012 0.01 0.34 0.04 0.06 0.00| 036 035 041 0.37 0.44 036 0.34 0.25 0.36
BaO 0.03 0.00 - - 0.59 - - - - - - - - - - - - - - - - - 0.09
Total 99.76 97.80 99.30 100.22 100.05 100.44 100.50 99.52 99.60 99.43 99.18 101.06 99.38 97.06 | 98.62 98.52 98.95 98.87 98.74 98.47 99.52 98.96 99.04
Si 0.00 0.04 0.00 0.03 0.02 0.00 0.02 0.03 0.01 0.01 0.00 0.00 0.01 0.22| 000 0.00 0.00 0.00 0.01 0.00 0.01 2.01 0.00
Ti 427 459 4.37 4.80 0.00 5.27 5.23 034 470 451 0.01 5.08 1.14 1090 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.01
Al 224 205 2.33 1.97 10.09 1.38 1.37 823 084 150 1158 0.95 0.26 0.04 | 13.76 13.78 13.75 13.78 13.85 13.76 13.95 9.02 13.70
Cr 0.15 0.11 0.14 0.32 5.12 0.09 0.07 477 021 043 3.91 0.03 0.00 0.01| 159 163 157 1.59 151 158 1.69 256 161
\% 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe** 5.02 453 4.79 4.07 0.75 3.98 4.07 226 553 504 0.49 4.85 1343 0.00| 065 058 0.67 0.62 0.62 0.65 0.35 0.00 0.66
Fe* 10.12 10.83 9.50 10.46 1.95 11.17  11.09 4.00 10.80 10.18 3.25 11.00 9.00 10.96 | 153 155 147 1.52 1.50 156 1.68 5.09 2.05
Mn 0.15 0.12 0.11 0.15 0.03 0.19 0.18 0.09 0.21 0.17 0.07 0.19 0.15 155| 0.01 0.01 0.03 0.02 0.02 0.01 0.01 0.06 0.04
Mg 2.00 1.66 2.70 221 6.04 1.90 1.96 427 166 214 4.68 1.87 0.00 0.00| 6.45 6.44 6.51 6.47 6.48 643 6.31 407 592
Ca 0.00 0.02 0.06 0.00 0.00 0.01 0.02 0.01 0.05 0.02 0.00 0.03 0.00 031 001 0.00 0.00 0.00 0.01 0.00 0.00 0.58 0.00
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SUM 24.00 2400 2400 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 | 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00
Fe/Fe+Mg 0.88 0.90 0.84 0.87 0.31 0.89 0.89 059 091 0.88 0.44 0.89 1.00 1.00| 025 025 0.25 0.25 0.25 0.26 0.24 056 0.31
Cr/Cr+Al 0.06 0.05 0.06 0.14 0.34 0.06 0.05 0.37 020 0.22 0.25 0.03 001 0.18| 010 011 0.10 0.10 0.10 0.10 0.11 0.22 0.11
Fe*'/Fe® 2.02 239 1.98 2,57 2.59 2.80 2.73 1.77 195 2.02 6.66 2.27 0.67 -| 236 268 217 2.45 241 239 4.85 #DIV/0! 3.12
Mg# 9.96 792 13.73 10.60  63.50 8.72 9.00 3743  7.92 10.54 44.66 8.69 0.00 0.02 | 70.26 69.95 71.35 70.48 70.77 69.85 68.31 31.00 61.86
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4.2.5 Spinel
Spinels occuring in host lavas are mainly aluminous magnetites and rarely chromiferous
spinels while those in Iherzolites are essentially chromiferous spinels. Basanites contain the
most ferriferous, titaniferous spinels while the hosted Iherzolites have the most aluminous
and magnesian spinels (Tab. 4). In comparison to the spinels of lavas [Cr# (Cr/(Al + Cr): 0.01
—0.37; XFe: 0.31 — 1; Mg# < 45], spinels from hosted lherzolites usually have higher Cr# (0.1
— 0.22), higher Mg# (31 — 71) and lower XFe (0.24 — 0.56) and mainly plot within the fertile
peridotite field in the Cr# vs. Mg# diagram (Fig. 3d). The spinels Cr# values of the studied
Iherzolites are in the same range as those of mantle xenoliths from several localities from the
CVL such as Wum (0.02 — 0.29: Puziewicz et al., 2023), Kapsiki (0.13 — 0.44; Tamen et al.,
2015) Nyoss (0.1 — 0.39: Temdjim et al., 2004, Teitchou et al., 2011). The wide ranges of
Fe?/Fe*'ratios (0.67 — 6.63) and TiO, contents (0 — 46.88 wt%) testify to the presence of
both mantle spinels (TiO, < 0.2 wt%; Fe?/Fe* > 2) and magmatic spinels in host lavas,
according to Kamenetsky et al. (2001). Most analyzed spinels from lavas display extremely
high TiO, contents (~20 — 47 wt%), far above those of xenocrysts or spinels found in other

lavas from other localities along the CVL (Nono et al., 1994, Tamen et al., 2007).
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Figure 3: Chemical composition of the main mineral phases of the Bini lavas and hosted
spinel Iherzolites: a) representative feldspars in the ternary An—Ab—Or diagram of Smith &
Brown (1988); b) Analyzed clinopyroxenes in the ternary Wo—En-Fs diagram of Morimoto
et al. (1988); c) Ti-Fe oxides in the ternary Fe,0O3;—Al,0s—Cr,03 diagram of Stevens (1944);
d) Spinels Cr# vs. Mg# diagram, the refractory and fertile peridotite fields are from Bian et
al. (2024). Some data of feldspars and pyroxenes from Tiabou et al. (2019) were also
used for these diagrams (in black colour). For minerals symbols, Ab=albite, An=anorthite,
Sa=Sanidine, Or=orthoclase, En=Enstatite, Di=Diopside, Fs=ferrosilite, Wo=wollastonite,

Hd=hedenbergite, Sp=spinel

4.3 Whole rock geochemistry
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Major and trace element compositions of 21 representative samples of the host lavas (6 from
this study and 15 from Tiabou et al., 2019) and 6 mantle xenoliths are presented in Table 5
and Table 6 respectively. Because of loss on ignition values higher than 2 wt% in most of the

analyzed samples, the results were recomputed on an anhydrous base.

4.3.1 Host lavas
Major elements
Although few samples diplay Na,O-K,O0>2 majority of the studied samples are sodic,
therefore we have chosen the TAS classification diagram instead of the potassic series one.
The analyzed host lavas plot in the field of basanite, basalt and basaltic trachyandesite on
the classification diagram of LeBas et al., 1986 (Fig. 4a). Since the sample BIJM59A ploting
in the field of basaltic trachyandesite has (Na,0O-2) < KO, it will be considered rather as a
latite. SiO, ranges from 42.35 to 56.56 wt%, the total alkali (Na,O+K,0O) varies from 2.34 to
7.07 wt% and Na,O/K,0 ratios from 0.94 to 1.92 with moderate MgO contents (3.56 — 13.86
wt%), and Mg# (43.07 — 70.56). Their differentiation index (DI) ranges from 21.3 (basanite
HOL32) to 53.6 (latite) with Mg numbers varying between 43 and 71.
All the analyzed samples are apatite (1.12 — 3.52 wt%) and ilmenite (3.12 to 7.31 wt%)
normative, and the silica-undersaturated lavas (basanites and basalts) are nepheline (4.31 —
18.21 wt%) normative. The only lava without normative nepheline nor olivine but containing
normative quartz (4.82 wt%) and hypersthene (16.14 wt%) is the sample BJM59A, classified
as a latite. Mafic lavas are alkaline sodic (Na,O/K,0: 1.14 — 1.92) while latite is potassic with
Na,O/K,0 = 0.94.
In the Harker diagrams (Fig. 5), Al,O3; shows a positive correlation with SiO, while Fe,Oasr,
CaO, P,0Os, and TiO, are negatively correlated with SiO,. The positive correlation of Al,O3
with SiO, is indicative of non-fractionation of plagioclase while the negative trends in Fe,Oar,
CaO, TiO; and P,0s versus SiO, reveal the fractionation of olivine, pyroxenes, Fe—Ti oxides

and apatite, respectively.



456  Table 5: Whole rock chemical analyses of 21 representative host lavas: 6 from this study

457 (Italic bold) and 15 from Tiabou et al. (2019)

Rock type Basanite

Sample BIW8BA HOL32 SAF88 SOT22 MBAI1l PK8 PK3 BA19 BA20 BA50 BAS5
Sio, 40.84 415 41.86 42.38 43.47 42.79 42.84 39.2 41.99 41.68 42.68
TiO, 3.50 2.87 3.70 2.82 2.49 2.99 3.01 3.01 3.16 3.16 3.16
Al,O03 12.59 11.98 13.94 12.4 12.6 13.88 13.29 11.49 12.89 12.87 12.82
Fe,0s 13.18 12.42 13.96 12.61 11.05 12.06 11.99 13.9 14.32 13.99 14.22
MnO 0.19 0.19 0.22 0.19 0.16 0.20 0.19 0.22 0.28 0.24 0.19
MgO 10.62 11.35 7.47 11.36 13.37 7.69 7.63 8.14 7.15 7.16 7.21
Ca0O 10.67 11.22 9.44 10.71 8.33 9.88 9.89 12.31 9.33 9.31 8.93
Na,O 257 1.83 3.35 258 2.74 3.30 3.29 3.99 4.35 4.47 4.29
K20 1.38 1.60 1.98 1.72 1.53 1.29 1.33 2.03 2.27 2.37 2.27
P,0s 0.92 0.92 1.46 0.92 0.71 1.16 1.20 1.39 1.44 1.44 1.43
TOTAL (wt.%) 96.46 95.88 97.38 97.69 96.45 95.24 94.66 95.68 97.18 96.69 97.20
Lol 2.66 3.30 1.78 1.25 258 4.77 4.74 4.65 2.77 2.85 273
Mgt 61.48 64.41 51.48 64.08 70.56 55.80 55.80 53.70 49.70 50.3 50.10
DI 23.65 21.28 33.63 25.14 28.9 32.16 32.82 29.32 38.18 38.84 39.39
Traces (ppm)

Cs 0.38 0.57 0.48 0.47 0.55 1.00 1.00 1.00 1.00 1.00 1.00
Rb 37.44 42.48 53.31 42.81 48.81 37.00 45.00 54.00 58.00 62.00 61.00
Ba 491.75  708.48 648.23 71395  684.35  881.00  950.00  990.00 1111.00  979.00  975.00
Sr 94417  894.01 1340.06  1093.67 1018.6 1230 1213.00 1377.00  889.00 1401 797.00
Pb 3.17 3.62 459 3.66 3.73 7.00 7.00 25.00 29.00 33.00 32.00
Th 7.54 7.87 10.30 8.18 8.10 9.00 11.00 17.00 19.00 19.00 19.00
u 1.96 1.97 2.77 2.05 1.92 1.00 1.00 4.00 4.00 4.00 4.00
zr 3305  288.05 530.02 286.76 23226  349.00  352.00  427.00 401.00  348.00  339.00
Hf 7.36 6.21 11.15 6.20 4.96 6.00 6.00 8.00 8.00 8.00 8.00
Ta 6.01 5.67 8.12 5.68 5.13 3.00 3.00 8.00 8.00 8.00 8.00
Y 27.8 26.08 34.38 25.13 20.10 23.00 31.00 34.00 37.00 40.00 35.00
Nb 85.64 82.39 110.28 82.66 76.82 89.00 92.00  151.00  142.00  133.00  137.00
Sc 22.96 25.76 14.50 24.87 17.58 22.00 24.00 16.00 13.00 14.00 14.00
Cr 357.56 431.6 143.48  516.77 645.61  179.00  188.00  120.00  121.00  118.00  119.00
Ni 249.75  245.95 95.16  294.44 47649  169.00  175.00  110.00 93.00 105.00  103.00
Co 53.58 53.27 40.69 53.67 54.62 29.00 38.00 46.00 44.00 45.00 39.00
v 2358  214.98 17543  211.28 182.31  221.00  219.00  225.00 224.00 222.00  219.00
W 2.36 2.19 1.89 3.12 2.61 1.00 1.00 2.00 2.00 2.00 1.00
Ga 20.15 18.24 25.61 18.63 17.18 22.00 29.00 22.00 26.00 28.00 24.00
zn 119.29 111.84 173.8  110.40 97.84  109.00  118.00  130.00  131.00  113.00  116.00
Cu 38.46 46.90 24.22 46.96 38.84 26.00 37.00 40.00 60.00 58.00 56.00
La 60.94 61.44 87.25 60.84 60.27 77.00 89.00  125.00  130.00  133.00  131.00
Ce 122.45 120.48 175.05  118.92 11056  160.00  164.00  222.00 221.00 226.00  231.00
Pr 14.14 13.72 20.35 13.39 11.76 10.00 10.00 23.00 23.00 23.00 22.00
Nd 55.31 53.90 80.30 52.13 43.75 67.00 70.00 83.00 82.00 79.00 77.00
Sm 10.85 10.21 15.48 9.84 7.69 7.00 8.00 14.00 14.00 15.00 15.00
Eu 3.41 3.20 4.75 3.07 2.42 2.00 2.00 4.00 4.00 4.00 4.00
Gd 8.82 8.01 11.85 7.75 6.07 7.00 7.00 11.00 10.00 10.00 11.00
Tb 1.20 1.08 157 1.05 0.82 1.00 1.00 1.00 2.00 2.00 2.00
Dy 6.28 5.78 8.03 5.63 4.40 5.00 5.00 8.00 8.00 8.00 7.00
Ho 1.13 1.04 1.38 1.01 0.79 1.00 2.00 1.00 1.00 1.00 1.00
Er 2.62 2.44 3.10 2.39 1.87 2.00 3.00 3.00 3.00 3.00 3.00
Tm 0.34 0.33 0.39 0.32 0.25 0.00 0.00 0.00 0.00 0.00 0.00
Yb 2.00 1.92 2.27 1.88 1.47 3.00 3.00 2.00 2.00 3.00 3.00
Lu 0.28 0.27 0.31 0.27 0.22 0.00 0.00 0.00 0.00 0.00 0.00
Eu/Eu* 1.06 1.08 1.07 1.07 1.08 0.87 0.82 0.98 1.03 1.00 0.95
Norm CIPW

Orthose 8.55 10.00 12.19 10.54 9.44 8.09 8.40 - 13.99 14.67 13.98
Albite 5.99 5.33 11.94 5.18 13.8 17.45 18.13 - 7.44 591 10.72
Anorthite 19.69 20.83 17.84 17.79 18.44 20.44 18.77 7.88 9.32 8.44 9.40
Leucite - - - - - - - 9.96 - - -
Nepheline 9.11 5.95 9.50 9.42 5.66 6.61 6.29 19.36 16.76 18.27 14.69
Diopside 23.87 25.45 17.12 25.03 16.01 19.19 20.58 35.76 23.95 24.71 22.21
Larnite - - - - - - - 2.08 - - -
Olivine 21.20 22.19 18.09 22.02 27.98 17.12 16.54 12.95 16.24 15.70 16.74
Magnetite 2.39 2.26 251 2.26 2.00 221 221 2.54 258 253 256
limenite 6.97 5.74 7.31 5.55 4.95 6.03 6.11 6.05 6.26 6.29 6.25
Apatite 2.24 2.25 3.52 2.21 1.72 2.85 2.97 3.41 3.48 3.50 3.45
5'Sr/sr 0.70312 0.70299 0.70321  0.70305

20.10° 5.00 5.00 5.00 4.00

NdMNd 0.512891 0.512927 0.512867 0.512862

20.10° 4.00 4.00 4.00 3.00

e sm/Mism 0.348404 0.348413 0.348415 0.348407

20.10° 3.00 3.00 3.00 2.00

¥Rb/**Rb 0.133446 0.109633 0.109929 0.134577

“sm/Mism 0.110572 0.112502 0.110136 0.102566

&'sr/*snMa 0.703116 0.702987 0.703206 0.703051

ﬁde/ll::Nd)Ma 0.512888 0.512924 0.512864 0.512859

Sm/**sm 0.110572 0.112502 0.110136 0.102566

eNdi 5.11 5.81 4.64 4.54
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Table 5 (end)

Rock type Basalt Latite
Sample PK1 PK30 WAS5 WA3 WA?2 WAS8 WAG WAL BA16 BJM 59A
SiO, 43.09 42.82 46.17 47.69 48.01 47.61 47.79 47.88 46.66 55.39
TiO, 297 3.00 2.30 2.48 2.42 2.46 2.44 241 2.17 1.60
Al,O3 12.99 13.69 13.36 14.39 14.4 14.39 14.43 14.33 15.95 15.41
Fe,03 12.19 11.99 10.25 10.55 10.68 10.79 10.66 10.59 11.21 9.14
MnO 0.21 0.19 0.16 0.18 0.13 0.15 0.15 0.17 0.16 0.15
MgO 7.66 7.63 9.69 9.14 9.13 9.16 9.11 9.12 5.29 3.49
CaO 9.98 9.79 10.10 9.06 9.02 9.06 9.01 9.11 6.88 5.65
Na,O 3.32 3.29 2.85 2.99 2.86 2.85 2.87 2.83 2.77 3.21
K20 1.42 1.33 1.64 1.77 1.65 1.80 1.81 1.80 1.34 3.42
P20s 1.13 1.15 0.49 0.55 0.61 0.58 0.57 0.59 0.54 0.47
TOTAL (wt.%) 94.96 94.88 97.01 98.8 98.91 98.85 98.84 98.83 92.97 97.93
LOI 4.71 4.70 2.82 1.05 1.09 1.01 1.16 1.06 6.81 1.32
Mg# 55.50 55.80 65.20 63.20 62.90 62.70 62.90 63.10 48.30 43.07
DI 32.98 32.65 31.53 35.19 34.65 34.71 35.10 34.94 34.09 53.57
Traces (ppm)

Cs 1.00 1.00 1.00 0.00 0.00 1.00 1.00 0.00 1.10 2.61
Rb 33.00 41.00 40.00 36.00 33.00 38.00 38.00 42.00 59.00 148
Ba 862.00 941.00 881.00  7.99.00 820.00 833.00 841.00 829.00 1023.00 648.47
Sr 1220.00 1191.00 701.00 746.00 742.00 751.00 722.00 732.00 1332.00 396.92
Pb 14.00 9.00 22.00 20.00 25.00 19.00 22.00 23.00 39.00 14.64
Th 11.00 11.00 5.00 6.00 6.00 5.00 3.00 6.00 19.00 14.06
U 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 4.10 1.94
Zr 353.00 331.00 260.00 265.00 249.00 255.00 271.00 266.00 359.00 390.81
Hf 6.00 6.00 6.00 6.00 6.00 6.00 6.00 5.00 8.20 9.44
Ta 3.00 3.00 4.00 4.00 3.00 3.00 3.00 3.00 8.50 2.04
Y 29.00 33.00 30.00 21.00 21.00 26.00 28.00 26.00 35.00 47.33
Nb 91.00 95.00 66.00 59.00 66.00 64.00 56.00 69.00 89.00 22.37
Sc 27.00 31.00 21.00 19.00 22.00 22.00 19.00 21.00 14.00 17.18
Cr 167.00 159.00 424.00 427.00 404.00 422.00 422.00 419.00 120.00 169.96
Ni 177.00 168.00 405.00 417.00 422.00 399.00 411.00 417.00 101.00 41.05
Co 25.00 35.00 40.00 45.00 47.00 48.00 51.00 44.00 44.00 25.87
\% 218.00 220.00 190.00 177.00 169.00 181.00 179.00 180.00 221.00 107.57
w 2.00 1.00 1.00 2.00 1.00 1.00 1.00 1.00 1.00 7.58
Ga 30.00 27.00 15.00 19.00 21.00 15.00 18.00 18.00 22.00 24.13
Zn 114.00 122.00 88.00 8.00 94.00 101.00 94.00 92.00 100.00 109.00
Cu 31.00 33.00 55.00 62.00 59.00 60.00 62.00 61.00 40.00 21.02
La 88.00 76.00 49.00 48.00 48.00 39.00 48.00 44.00 121.00 54.31
Ce 155.00 161.00 88.00 93.00 93.00 94.00 90.00 90.00 233.00 118.36
Pr 10.00 10.00 11.00 10.00 10.00 10.00 10.00 10.00 22.9.00 13.87
Nd 59.00 70.00 41.00 40.00 40.00 41.00 39.00 40.00 77.00 53.42
Sm 8.00 7.00 7.00 8.00 8.00 8.00 7.00 7.00 13.00 10.77
Eu 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 4.29 2.29
Gd 7.00 7.00 7.00 7.00 7.00 6.00 7.00 7.00 11.50 9.32
Tb 1.00 2.00 1.00 1.00 2.00 1.00 1.00 1.00 1.00 1.43
Dy 4.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 8.10 8.69
Ho 1.00 2.00 1.00 1.00 1.00 2.00 1.00 1.00 1.20 1.79
Er 2.00 2.00 2.00 2.00 2.00 2.00 2.00 3.00 3.30 4.82
Tm 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.42 0.73
Yb 3.00 3.00 2.00 2.00 2.00 2.00 2.00 2.00 2.40 4.67
Lu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.70
Eu/Eu* 0.82 0.87 0.87 0.82 0.82 0.88 0.87 0.87 1.07 0.70
Norm CIPW
Quartz - - - - - - - - 4.82
Orthose 8.94 8.38 10.08 10.69 9.95 10.87 10.93 10.87 8.61 20.8
Albite 17.10 17.89 17.14 22.92 24.70 22.91 23.43 23.62 25.48 27.94
Anorthite 17.41 19.89 19.58 21.06 22.03 21.61 21.60 21.53 29.49 18.07
Nepheline 6.95 6.38 431 1.59 - 0.94 0.75 0.45 - -
Diopside 22.38 19.44 23.57 17.12 15.83 16.52 16.37 16.73 3.11 6.35
Wollastonite 0.00 - - - 0.00 - - - - -
Hypersthene - - - - 1.01 - - - 24.25 16.14
Olivine 16.19 16.91 17.76 18.65 18.47 19.12 18.97 18.86 111 -
Magnetite 2.24 221 1.84 1.86 1.88 1.90 1.88 1.87 211 1.63
limenite 6.01 6.07 4.55 4.81 4.69 4.77 4.73 4.68 4.48 3.12
Corindon - - - - - - - 0.00 - -
Apatite 2.79 2.84 1.18 1.30 1.44 1.37 1.35 1.40 1.36 1.12
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Table 6: Whole rock chemical analyses of the studied mantle xenoliths

Rock type Lherzolite

Sample BIW 88E BIW 88-2 BIW 88-1 BIW 88-3 BIW 88-5 BIW 88-4
SiO, 45.23 44.62 43.83 44.29 45.33 41.08
Al,O3 3.31 3.87 3.29 2.13 3.30 1.38
Fe,03 8.55 8.98 9.05 8.72 8.87 9.02
MgO 34.61 34.54 34.02 39.23 37.51 39.70
CaO 4.18 4.65 5.10 3.17 2.81 4.31
Na,O 0.22 0.24 0.26 0.20 0.22 0.14
K0 0.07 0.10 0.16 0.06 0.04 0.05
TiO, 0.09 0.08 0.08 0.11 0.07 0.08
P05 <L.D. <L.D. <L.D. <L.D. <L.D. <L.D.
MnO 0.12 0.13 0.12 0.12 0.13 0.13
LOI 2.99 2.44 3.37 111 1.08 3.06
Total (wt%) 99.37 99.65 99.28 99.14 99.35 98.95
Mg# 88.90 88.40 88.20 89.90 89.30 89.70
Trace (ppm)

Cs 0.07 0.08 0.08 0.05 0.05 0.06
Rb 6.48 7.94 12.11 4.78 3.49 4.12
Ba 8.90 10.90 8.78 <L.D. 7.13 7.67
Sr 84.62 70.41 76.40 52.00 13.95 182.35
Pb 0.51 <L.D. <L.D. <L.D. <L.D. <L.D.
Th 0.10 0.10 0.04 0.05 0.15 0.12
U 0.04 0.07 0.06 0.03 0.06 0.07
Zr 6.03 1.63 2.99 9.30 4.47 6.78
Hf 0.14 0.08 0.09 0.23 0.08 0.15
Ta 0.07 0.01 0.01 0.03 0.03 0.07
Y 241 2.63 2.40 2.40 2.37 1.68
Nb 1.92 0.40 0.44 0.56 0.73 1.29
Sc 15.26 17.47 15.47 13.04 15.69 9.42
Cr 2910.95 2980.16 3020.06 2500.54 2804.73 1459.50
Ni 1867.04 1725.95 1919.51 2115.29 1878.44 2372.31
Co 99.57 98.79 105.34 105.82 103.47 118.56
\Y 69.36 83.74 70.880 52.13 66.92 37.41
W 3.85 3.40 4.48 5.18 5.46 4.28
Ga 3.02 3.49 2.94 2.42 2.83 1.39
Zn 56.03 58.85 56.60 50.93 52.14 52.78
Cu 16.85 21.56 24.66 7.98 19.06 8.52
As <L.D. <L.D. 0.51 <L.D. 0.749 0.67
Cd 0.05 0.03 0.05 0.09 0.03 0.03
Ge 0.80 0.91 0.78 0.82 0.81 0.73
Mo 5.01 4.63 6.07 7.91 8.93 5.49
Sb 0.16 0.22 0.12 0.08 0.15 0.14
Sn 0.45 <L.D. 0.36 <L.D. 0.41 0.33
Ta 0.07 0.01 0.01 0.03 0.03 0.07
La 0.86 1.25 0.72 0.90 0.79 0.81
Ce 1.49 1.37 0.71 2.45 0.90 1.67
Pr 0.18 0.11 0.07 0.38 0.08 0.20
Nd 0.74 0.38 0.32 1.79 0.32 0.84
Sm 0.20 0.15 0.13 0.45 0.13 0.21
Eu 0.08 0.07 0.06 0.16 0.05 0.08
Gd 0.27 0.26 0.24 0.45 0.21 0.24
Tb 0.05 0.06 0.05 0.07 0.05 0.04
Dy 0.39 0.44 0.39 0.45 0.36 0.29
Ho 0.09 0.11 0.10 0.09 0.09 0.07
Er 0.27 0.31 0.28 0.25 0.28 0.17
m 0.04 0.05 0.05 0.04 0.05 0.03
Yb 0.30 0.34 0.31 0.24 0.32 0.19
Lu 0.05 0.05 0.05 0.04 0.05 0.03
Eu/Eu* 1.06 1.01 1.02 1.06 0.97 1.08
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Figure 4. Nomenclature of the studied rocks samples. a) Position of Bini Warack lavas in the

Na,O+K,0O vs SiO, classification diagram of LeBas et al. (1986) — The black stars
correspond to data from Tiabou et al. (2019) while the red stars are analyses from the
current work; b) Position of the studied mantle xenoliths in the classification diagram for
ultramafic rocks of Streckeisen (1976) compared to other mantle xenoliths studied along
the CVL. Ol = olivine; Opx = orthopyroxene; Cpx = clinopyroxene; D = dunite; O =
orthopyroxenite; C = clinopyroxenite; H= Harzburgite. Average European subcontinental
lithospheric mantle (AESCLM) after Downes (1997); xenoliths from respective sectors of
the CVL modified from Pinter et al. (2015) using recent data of Nkouandou et al. (2015),

Wagsong Njombie et al. (2018), Tedonkenfack et al. (2021) and Puziewicz et al. (2023).
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Figure 5: Harker diagrams of host lavas. The legend is the same as in figure 3. The same

rock types from Tiabou et al. (2019) are represented in black color.

Trace elements

The amounts of some trace elements vary significantly from mafic to felsic lavas. Ni (41.05 —
476.5 ppm with the highest value in the basanite MBA11), Cr (6 — 645 ppm with the highest
value in MBA11); Cu (£ 60 ppm with maximum in basalts WA3 and WAG), Co (25 — 55 ppm
with highest amount in MBA11), Nb (22.4 — 151 with highest value in basanite BA19), Zn (8 —

174 ppm with the highest value in basanite SAF88), Y (20 — 47 ppm) with the highest value
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in BJIM59A), Ga (15 — 28 ppm with highest value in BA50) and Pb (3 — 39 ppm with highest
value in basalt BA16). The amounts of incompatible trace elements range from 397 to 1401
ppm for Sr, 492 to 1111 ppm for Ba, 232 to 530 ppm for Zr, 5 to 11 ppm for Hf and 2 to 8.5
ppmfor Ta. The ranges of some compatible trace elements contents such as Co, Ni, Cr, V,
Sc, Cu and Zn are consistent with fractional crystallization. The Co and Ni contents are lower
than those for primitive magmas (Co: 50 — 70 ppm; Ni: 300 — 400 ppm; Tatsumi et al., 1983,
Jung & Masberg, 1998) and are therefore strongly in support of prior fractionation of olivine.
The distribution of selected trace elements relative to SiO, contents displays no significant
correlation.

The Chondrite—normalized multi—element diagrams (see Fig. 7a—c) are comparable with
those of oceanic island basalts (OIB) and show enrichment in Ba, Th, U, Nb and La. The
basanites and basalts spectra exhibit all a negative anomalies in K, Ti and Y while latite
displays negative anomalies in K, Nb and Ti. The chondrite normalized rare earth elements
(REE) patterns of lavas are quite homogeneous (see Fig. 7b—d). They show a strong
enrichment in LREEs compared with HREES reflected by moderate to high (La/Yb)y ratio (9.3
— 30). The mafic lavas show an overall weak positive Eu anomaly, contrary to latite

1/2

displaying a negative one. The values of Eu anomalies [Eu/Eu*=Euy/(Smy Gdy)™“] as defined

by Taylor & McLennan (1985) range from 1.08 — 0.82 in mafic lavas to 0.70 in latite.

4.3.2 Lherzolites

Whole-rock compositions

According to their modal compositions determined using MINSQ program (Herrmann &
Berry, 2002), the analyzed Bini Warack mantle xenoliths are all Iherzolites (see Fig. 4b).
They are enriched in Al,O3 (1.38 — 3.87 wt%), CaO (2.81-5.1 wt%), TiO, (0.07 — 0.11 wt%),
and Na,O (0.14 — 0.26 wt%) relative to harzburgite from the southern Dibi area (Al,O3: 0.8 —
1.3 wt%, CaO: 0.32 — 1.4 wt%, TiO,: 0.06 - 0.21 wt%, and Na,O: 0.08 —0.26 wt%; Cf. Adama
et al., 2021). Their bulk-rock Mg# ranges from 88.2 to 89.9 and comparable with that of their

olivine (Mg#: 84.4 — 91), and Opx (Mg#: 89.7 — 90.92). They are similar in terms of bulk-rock



517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

composition with the estimated primitive mantle (see McDonough & Rudnick, 1998) and the
neighbouring Youkou volcano lherzolites (Wagson Njombié et al., 2018). Given their position
in the whole rock compositional variation in Al,Oz; vs. CaO diagram (Fig. 6) the studied
peridotites evidenced low partial-melting degrees (<15%).

Their primitive mantle normalized REE patterns enable to distinguish two types of
Iherzolites:1/ those displaying spoon-shaped REE patterns (e.g: BIW88-1, BIW88-2, BIW88-
5) with inflection at Nd or Sm, depending on the sample, marked by enrichment in LREES
and HREEs (0.7 — 5.6 times C1) relative to MREEs: [La/Sm]y = 2.51 — 5.24, [Sm/Yb]y = 0.44
—1.25, and [La/Yb]y = 1.70 — 3.15 and 2) the lherzolite BIW88-3 displaying a more or less “S-
shaped” REE pattern (Fig. 7h) characterized by LREEs enrichment over MREEs and
HREEs. Their chondrite normalized multi-elements spider diagrams are marked by
somewhat slightly higher contents in LILE relative to HFSE, with positive anomalies in Rb, K

and Sr (Fig. 79).

4
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Al203 (wt%)

11 Fé-rearc
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Figure 6: Whole-rock compositional variation in Al,O3vs. CaO diagram. Forearc and abyssal

peridotites fields are after Ishii et al., 1992; Pearce et al., 1992 respectively.
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534  Figure 7: Chondrite-normalized multi-elements and rare earth elements diagrams of Bini

535 Warack lavas and hosted mantle xenoliths. In red color are samples from this study while
536 samples from Tiabou et al. (2019) are in black; OIB and E-MORB data are from Sun and
537 McDonough (1989).
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539 4.4 Nd and Sr isotopic sighatures
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Four new Rb/Sr and Sm/Nd isotopic ratios were obtained in mafic host lavas. They are
characterized by ®’Sr/®*Sr isotopic ratios ranging between 0.702994 (basanite SAF88) and
0.703213 (basanite SOT22), *3Nd/***Nd from 0.512862 (basanite MBA11) to 0.512927
(basanite SAF88), with low ®’Rb/*°Sr ratios (< 0.15) and low **"Sm/***Nd ratios (0.10 — 0.11).
The measured isotopic data have been corrected to 11.39 Ma representing the oldest dated
lava in the area (Marzoli et al., 1999) in order to compare them to the available data from
Miocene lavas along the CVL. The analyzed samples are characterized by initial
8Sr/%°Sr 1130 may bEtWeen 0.702987 and 0.703206 and initial “**Nd/***Nd 130 wmay between
0.512854 and 0.512918. The selected analyzed samples display positive €éNd 139 ma) ranging

from +4.84 to +6.09.
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Figure 8: Plot of the Bini Warack lavas isotopic data in (4’Sr/**Sr)inia vs. (**Nd/***Nd)inita
diagram. The MORB, HIMU, and FOZO mantle poles are from Zindler and Hart (1986);
the Walvis and Hawaii fields are from Ait Hamou et al., 2000; the CVL lava fields are from

Halliday et al. (1990) and Marzoli et al. (2000).

5. Discussion
5.1 Characteristics of the SCLM beneath Bini Warack area
At first glance, the low Sr isotopic ratios (0.70299 — 0.70312) coupled with the positive initial

eNd of the Bini Warack host lavas, refer to their mantle origin. However, due to the fact that
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we did not carry out isotopic measurements on all the samples, we will invoke other criteria

to constrain their mantle source characteristics.

5.1.1 Magmas sources and nature of the SCLM beneath the Adamawa Plateau

The bulk rock geochemical data of the Bini Warack host lavas all plot above the AND line in
the Nb/Y and Zr/Y ratio diagram (Fig. 9a), thus pointing out their compatibility with a mantle
plume activity. The OIB affinity of the Bini Warack host lavas illustrated above by the
similarities of the rare earth and multi-element spectra, as well as the strong involvement of
the HIMU-like signature in their genesis are also highlighted in the (¥'Sr/*®Sr)ia Vs.
(***Nd/***Nd)nisa diagram (see Fig. 8).

Considering that Mn has high affinity for garnet and that Al content is very sensitive to
temperature, De Hoog et al. (2010) used these major elements in olivine to define mantle
lithologies and therefore to distinguish between garnet peridotite, spinel peridotite and
garnet-spinel peridotite. The olivine in the studied xenoliths and xenocrysts displays low Al
contents (average Al,O; = 0.03 wt%), and high Mn contents (average MnO = 0.14 wt%)
similar to those of spinel-lherzolite, showing that the lithology of the mantle lithosphere
beneath Bini Warack is likely spinel lherzolite, which is consistent with geochemical findings

(Fig. 9b).
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Figure 9: (a) Plot of the host lavas relative to various mantle compositional components

(green star) and fields for basalts from different tectonic settings as defined by Weaver
(1991) and Condie (2005); (b) Plot of Al vs. Mn for the olivine xenocrysts; (c) Comparison
of Bini Warack basanites and basalts with experimental melts of representative mantle
lithologies using their TiO, and FeO; contents; (d) TiO, vs. V plot of Bini basanites and
basalts. In (a) DEP=deep depleted mantle; EM1= enriched mantle sources; HIMU= high
U/Pb mantle source; OlB=oceanic island basalt; PM= primitive mantle; REC= recycled
component. In (b) the fields of spinel-garnet Iherzolite (dashed green line), garnet—
Iherzolite (dashed red line) and the spinel-lherzolite (yellow line) are after Yuan & Yan
(2022). The green ellipse in (c) denotes the low—degree (<10%) experimental melts of
fertile Iherzolite. The black circles illustrate partial melts of fertile Iherzolite while the red
ones highlight experimental melt formed at 1.5 — 2.5 GPa; just as the black dashes
represent the composition of harzburgite partial melts and the red ones that of their

experimental melt at 1.5 — 2.5 GPa. The thick red arrow schematically shows non-
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peridotite mantle rocks (e.g., amphibolite, silica-deficient and silica-excess pyroxenites)
typically with high TiO, contents (= 2 wt%; Kushiro, 1996). Data for experimental melts of
Iherzolite and harzburgite are consistent with the compilation of Dai et al. (2023). In (d) the
compositional zones for volcanic rocks from various tectonic settings and the magmatic
differentiation trend caused by Fe-Ti oxides fractionation are from Reagan et al. (2010).

FAB= Fore arc basalts; EPR = East Pacific Rise.

5.1.2 Thickness, volume and thermal evolution of the SCLM reservoir beneath
Bini Warack

Olivine is one of the major rock-forming minerals in peridotite, and its Fo values are generally
considered as a proxy for the extent of partial melting (Pearson, 1999). Forsterite values in
the studied mantle xenoliths range from 84 to 91%. This Fo range is typical of olivine of the
mantle xenoliths of the Ngaoundéré area (89 — 91%: Nkouandou et al., 2015; Nkouandou &
Temdjim, 2011; Wagsong Njombié et al., 2018) and similar both to that of off-craton mantle
rocks (88 — 92%: Boyd & Mertzman 1987; Boyd et al. 1997) and oceanic mantle residues
(90.5 — 91.5%: Boyd, 1989) indicating that the SCLM beneath the Bini Warack region is likely
juvenile and comparable to the oceanic lithospheric mantle.

Generally, the iron content of the residue, unlike the magnesium content, is sensitive to
melting pressure (Herzberg, 2004). Therefore, Mg# in whole rocks, in combination with Al,O3,
can help to infer the melting depth (Herzberg & Rudnick, 2012). The FeOt, Al,O; and MgO
contents of the Bini Warack peridotites suggest that their melting began at depths < 2 GPa,
similar to those of the harzburgite xenoliths from the nearby Guinadji Djalsoka and Mokolo-
Kapsiki localities (Fig. 10a-b). Due to their sensitivity to pressure variations, elements such
as the REE, Ti, Na, and Hf are proxy to constrain melting depths (Putirka, 1999). The
remarkable negative K peak contrary to Ba in the multi-element profiles (see Fig. 7),
indicates the presence of hydrous mineral phases such as plogopite and amphibole in the

mantle source.
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On the other hand, melts in equilibrium with amphibole-bearing source would have rather low
Rb/Sr (<0.1) and higher Ba/Rb (>20), while melts being produced with phlogopite in the
source would inherit low Ba/Rb values (Furman and Graham, 1999; Ma et al., 2014).
Therefore, the low Rb/Sr (0.03 — 0.37) and high Ba/Rb (4.4 — 26) ratios of the host lavas from
Bini Warack are reliable with the presence of amphibole in the source region. These two
hydrous minerals are known to be stable at depths less than 150 km. Furthermore, the
presence of sharp contacts of mantle xenoliths with the host lavas may indicate that the
magma hosting these mantle materials was likely produced at about 80 to 150 km within the
garnet peridotite mantle stability field as it was evidenced for mantle xenoliths from Oku
volcanic group by Asaah et al. (2015a). Those depths values estimated from geochemical
data and mineralogical evidences are consistent with geophysical estimates. Indeed, the
deepest density discontinuity so far determined beneath the Adamawa region using spectral
analysis of gravity data ranges between 75 and 149 km, and corresponds to an anomalous
low velocity upper mantle structure (Nnangue et al., 2000). On the other hand the Moho
discontinuity depth ranges from 19 to 36 km (Fairhead & Okereke, 1988, Poudjom Djomani,
1995, Nnange et al., 2000, Tokam et al.,, 2010), depending on the methods used. These
depths overall evidence a crustal thinning related to a mantle upwelling process similar to
that described for the northern Kapsiki plateau (Tamen et al., 2015).

The Bini Warack mantle xenoliths are characterized by protogranular to porphyroclastic
textures. The work of Zangana et al. (1997) demonstrated that undeformed mantle xenoliths,
i.e. those showing protogranular to porphyroclastic textures such as those from Bini Warack,
have high equilibrium temperatures (> 900 °C) contrary to deformed xenoliths which have
lower equilibrium temperatures (< 900 °C).

The pyroxene equilibrium temperatures estimated using the geothermometers of Brey &
Kohler (1990) and Liang et al. (2013), and also taking into account the Cr# ratios of the
spinel in lherzolites, vary from 900 to 1100 °C. This equilibrium temperature gradient is
identical to that of the mantle xenoliths of the OVG lavas (Puziewicz et al., 2023) located

approximately 300 km SW of our study area along the CVL.
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5.2 Melting conditions for magmas generation

It is noteworthy that partial melts derived from refractory harzburgites are characterized by
low TiO, contents (< 1 wt%; Falloon & Danyushevsky, 2000), while melts derived from mafic
lithologies (various types of pyroxenites, hornblendite, etc.) typically have high TiO, contents
(> 2 wt%; e.g., Kushiro, 1996). The basaltic rocks from Bini Warack area that have high TiO,
contents could rightly be considered, referring to Dai et al. (2023), as issued from the partial
melting of silica—deficient pyroxenites embedded in a fertile Iherzolitic mantle. Their TiO,
contents are higher than those of harzburgite-derived melts but similar to those of non-
peridotite mantle lithologies and those of low-extent melts derived from low degree (< 10%)
of melting of fertile Iherzolites (Fig. 9c). Besides their high TiO, contents they display high
Ti/V ratios, suggestive of low oxygen fugacity (Fig. 9d).

The presence of garnet in the mantle source is sustained by the overall enrichment in LREE
and MREE relative to HREE (see Fig. 7h). The Zr/Nb vs. La/Yb diagram (Fig. 10a) allows
estimating both the amount of garnet in the source and the degree of melting. Thus, it
appears that the basalts from Bini Warack definitely fit in the area of alkali basalts of the
CVL, and are derived from < 2% partial melting of a lherzolitic mantle source, containing 2 to
6% of garnet, such as alkaline basalts from the OVG studied by Asaah et al. (2015a). In the
Yb/Sm vs. Tb/Yb diagram (Fig. 10b), the studied mafic lavas from Bini Warack area lie on the
mixing paths of low-extent (<10%) melts from spinel- and garnet-facies mantle sources. As
the basaltic rocks of the northwest China craton (Dai et al., 2024), the basaltic lavas from Bini
Warack area tend to cluster at low Th/Yb ratios. This is thought to be related to negligeable
amount of garnet peridotite-derived melt fractions relative to that of the spinel peridotite-
derived melt fraction in the studied basaltic rocks.

Given that heavy REE are sensitive to the presence of garnet during melting, their bulk-rock
abundance combined with residue/melt partitioning modeling, are likely to constrain the
melting pressure (Canil, 2004, Simon et al., 2008). Fig. 10c-d display the range of whole—
rock REE models of the Bini Warack Iherzolite samples together with modeling results for the

composition of melt residues that start melting within the spinel and garnet stability field from
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a fertile mantle source with a depleted MORB mantle composition (Workman & Hart, 2005).
In the melting model within the spinel stability field, the degree of melt extraction for the Bini
Warack mantle xenoliths would be somewhat 210%, similar to the melting estimates of major
elements (see Fig. 10e-f). On the other hand, their HREE contents (e.g: Yb) are consistent
with a low degree (< 4 %) of polybaric melting that starts in the garnet stability field and ends
in the spinel stability field (Fig. 10e), simulating the ascent of mantle plumes (Simon et al.,

2008, Doucet et al., 2012).
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Figure 10: Co-variation diagrams of major, trace and rare earth elements. (a) Modeled

melting (Zr/Nb vs. La/Yb) results for the studied mafic lavas together with other mafic lavas
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with MgO>4 from the OVG and CVL. Melts that produced most basanites and alkali basalts
were produced by <2% partial melting of a dominantly garnet (<6%) bearing mantle
Iherzolite. (b) Estimate of the melting degrees of the Bini mafic lavas, given a fertile Iherzolite
source with primitive mantle-like trace-element contents (McDonough & Sun, 1995). The
dashed red lines designate the mixing paths of aggregated fractional partial melts from
garnet- and spinel-facies |herzolites at the fixed melting degrees (1%, 5%, 10%, 15%).
Partition coefficients are taken from Bédard (2006) for olivine, orthopyroxene, clinopyroxene
and spinel, and from Adam & Green (2006) for garnet. In black color are samples from
Tiabou et al. (2019). (c) Primitive mantle (McDonough & Sun, 1995) normalized REE for the
Bini lherzolites. The trace element modeling results for mantle melting in spinel and garnet
stability fields of a fertile mantle source, and that of the depleted MORB mantle source
(DMM) (Workman & Hart, 2005) (modeling of Doucet et al., 2023) are also shown. (d)
Lun/Yby vs. Yby for Bini lherzolites compared to melting model in spinel stability field (green
line) and garnet stability field (red dashed line). The primitive mantle values are from
McDonough & Sun (1995). Trace element modeling for a DMM source in spinel and garnet
stability fields with garnet exhaustion after 20% of melting. (e) and (f) Whole rock Al,O3; vs
Mg# and FeO, of the studied lherzolite together with other mantle xenoliths from northern
Cameroon. The composition of Northwest China craton basalts are from Dai et al. (2024),
and that of mantle xenoliths from Nyos (Bilong et al., 2010; Teitchou et al., 2011), Kumba
after Sababa et al. (2015), Mt. Cameroon after Wandiji et al. (2009), Mokolo (ongoing work),
Kapsiki after Tamen et al. (2015), Guinnadji and Djalsoka after Adama et al. (2021). Thick
black lines show the compositions for melting residue formed by isobaric batch melting of
fertile mantle source at 2, 3 and 5 GPa (Herzberg, 2004). Dashed red lines show polybaric

melt extraction at 20% and 30% of melting.

5.3 Assimilation and fractional crystallization (AFC)
In general, magmas rising from mantle are possibly contaminated by assimilation of crustal

material, depending on the time taken to reach the surface. The presence of mantle xenoliths
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in most of our studied lavas is indicative of a rapid ascent of their parental magmas, which
does not favor extensive fractional crystallization and substantial contamination in crustal
magma chambers. Nb/Ta ratios for the majority of Bini Warack lavas vary between 10 and 19
with an average of 15 and do not vary meaningfully with SiO, (Fig.11a), pointing out their
genetic relationship and their evolution by fractional crystallization. These values are similar
for the entire CVL (average Nb/Ta = 16: Asaah et al., 2015b). The relatively low Sr isotopic
compositions of the analyzed basanites (< 0.704) preclude any consistent crustal
contamination. Moreover, the plot of the Bini Warack lavas in the AFC modeling diagram of
DePaolo, 1981 (Fig. 11b) reveals that almost all plot around the initial magma composition
and out of AFC curves. This indicates a small amount of fractional crystallization and
insignificant assimilation, except for the latite sample which is the most evolved lava
displaying high Rb/Zr ratio.

Major and trace elements compositions of the Bini Warack mafic lavas (Table 5) such as Ni
(89 — 477 ppm), Cr (104 — 646 ppm), Co (25 — 55 ppm) and MgO contents (Mg# < 71) are
not so different from those of primary magmas in equilibrium with mantle olivine as defined
by Jung & Masberg (1998) and Frey et al., 1978; (Ni: 300 — 500 ppm; Cr: 300 — 500 ppm,;
Co: 50 — 70 ppm and Mg#: 68 — 72) and infer the slight incidence of fractional crystallization.
Basanite samples have Mg# =61 and high Ni (209 — 476.5 ppm) and Cr (340 — 645.6 ppm)
contents, nearly matching with those of primary magmas. The decrease of CaO with
increasing SiO, contents in the Bini Warack lavas provides evidence for the fractional
crystallization of both olivine and clinopyroxene. Conversely, the constant positive correlation
of Al,O; with SiO, observed in the studied lavas, point out that the crystallization of

plagioclase was very restricted during their differentiation.
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Figure 11. Plot of Bini Warack lavas in (a) the Nb/Ta vs. SiO, diagram illustrating the narrow
variation of Nb/Ta ratios for most samples; (b) AFC Rb/Zr vs. Zr Modeled diagram. The
green field represents CVL lavas (Asaah et al., 2015b). The legend is the same as in the

previous figure.

5.4 Mantle metasomatism

The presence of clinopyroxene associated with secondary olivine and spinels confirm that
this metasomatism took place in asthenospheric upwelling settings (e.g. Grégoire et al., 2000
a-b, Moine et al., 2001, Delpech et al., 2004).

Trace elements such as LILE and HFSE are frequently used to constrain the metasomatic
nature and conditions (e.g., Xu et al., 2022), in basaltic rocks. Modal metasomatism is
generally evidenced in mantle xenoliths by the presence of mineral phases such as
amphibole and phlogopite, while the effects of cryptic metasomatism are particularly
noticeable by whole rock spectra and Cpx, enriched in LREE (Cvetkovic et al., 2022). The
likely presence of amphibole and phlogopite as demonstrated in the preceding section is
suggestive of the involvement of a metasomatized SCLM.

According to Pearce (2008), the inference regarding hydrous metasomatism can be further
evidenced by the Nb/Yb vs. Th/Yb diagrams. In this diagram, the mafic lavas from Bini
Warack overlap the mantle array defined by oceanic basalts, except for a few samples with

markedly elevated Th/Yb at given Nb/Yb (Fig. 12a). This agrees well with the fact that
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metasomatic agents are generally controlled by H,O-bearing melts/fluids, which have a low
capacity to mobilize elements such as Th, Nb, and Yb (Johnson & Plank, 1999). As shown in
Fig. 12a, the basaltic lavas from the Bini Warack area display greater Th/Yb relative to the
mantle array (but somewhat similar with those of recent basalts from the North China
Craton), archetypal of lavas originated from the lithospheric mantle metasomatized by partial
melts derived from subducted continental crust (Zhang et al., 2002).

According to Furman & Graham (1999), partial melts derived from amphibole- and
phlogopite-bearing mantle sources are characterized by high Rb/Sr and Ba/Sr ratios,
respectively. Mafic lavas (basanite + basalt) from Bini Warack overall exhibit high Ba/Rb
(12.2 — 26.1) and low Rb/Sr (0.03 — 0.08) ratios (Fig. 12b), likely suggesting that
metasomatism by aqueous fluids may have triggered amphibole formation in the melt
sources. Admittedly, Dai et al. (2019) attributes the concurent presence of high Ba/Rb and
low Rb/Sr ratios to the legacy of subducted igneous oceanic crust; however, this latter
hypothesis cannot be considered given the continental intraplate setting of the lavas studied,
unless it’'s considered as a recycled ancient oceanic crust.

The olivine crystals presented in this study have high Ca/Fe and 100*Mn/Fe ratios and low
100*Ni/Mg ratio (Fig. 12c-d), symptomatic of olivine crystallization from a carbonated mantle
source-derived magmas according to Ammannati et al. (2016). In other words, the SCLM

beneath the Bini Warack area have undergone a carbonate metasomatism.
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Figure 12: Plots of bulk rock (a) Th/Yb vs. Nb/Yb, (b) Rb/Sr vs. Ba/Rb, (c) olivines
100*Mn/Fe vs. 100*Ni/Mg, and (d) 100*Ca/Fe vs. 100*Ni/Mg. The mantle array in (a) is
defined by oceanic basaltic rocks and the vertical black arrows indicate the effect of
crustal melt input in the source of basaltic rocks (Pearce, 2008). In (b), the arrows
showing partial melts from amphibole- and phlogopite-bearing mantle sources are
adopted from Furman & Graham (1999). The compositions of MORB are taken from Gale

et al. (2013). The olivine data for MORB are from Sobolev et al. (2007).

Conclusion
The present mineralogical and geochemical study of lavas and hosted xenoliths from Bini
Warack area of the CVL shed light on magmatic events, petrogenetic processes and

provides informations on the sub—continental mantle beneath the Adamawa plateau, marking
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the transition from the Congo Archean-Paleoproterozoic craton to the Neoproterozoic
juvenile crust involved in the Pan-African Central Africa Orogenic Belt.

Lavas from Bini Warack are alkaline and include basanite, alkali basalt and latite, with SiO,
contents ranging from 42.4 to 56.6 wt% while mantle xenoliths are all spinel bearing
Iherzolite with protogranular to porphyroclastic textures. Mafic lavas are sodic while the only
latite sample is potassic, both originated from a similar mantle source with signatures of at
least three mantle components (REC, HIMU and EM1). Their OIB character and isotopic
ratios are consistent with plume activity.

The mantle xenoliths are spinel Iherzolites displaying protogranular to porphyroclastic
textures, mainly consisting of minerals with fertile compositions (FOg4.91, Spinel Cr#:0.1 —
0.22; Al-rich pyroxenes), and are characterized by U/Th typically lower than 1, as well as
slight enrichment in LILE relative to HFSE.

The presence of mantle xenoliths in most lavas and the relatively low Sr isotopic of the latter
indicate a rapid ascend of their parental magmas, low degree of fractional crystallization and
insignificant assimilation or crustal contamination. According to the melting model, the
parental magmas of the studied lavas were generated near 80 to 150 km depth, by < 2%
partial melting of Iherzolitic mantle source containing 2—6% of garnet, and characterized by a
low oxygen fugacity condition and low water content. Trace element concentrations together
with olivines chemical features suggest that the SCLM beneath the Bini Warack area have

undergone a carbonate-rich metasomatism.
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