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Alkaline basalts of Bafang and its environs are consisted of feldspars, olivines,
pyroxenes and oxides which appear as phenocrysts, microphenocrysts and mi-
crocrysts. Feldspars are plagioclases (Ang; ;.155:ADg0 19.30430T2050.1.51) and anorthoc-
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lases (Abgg161200733.87.2001A0 1005 403)- Plagioclases are the most abundant amount
these feldspars. Anorthoclases appear only in mugearite (BAF 3 and BAF 37) the
most differentiated of the studied alkaline-basalts. In High Magnesian basalt,
(HMg-B) plagioclases are labradorites (Ang; o7 5030AD3574.304307275.1.60) and sa-
nidine (Anys ;5 6Abg 66.517007552.277)> Whereas in Low Magnesian basalt (LMg-B)
there are labrador (Ang; 4 7551 06AD 44 08.33.72013 06.1.51)> andesine

(Anys 4431563 66.51.790T5 55.5.77), oligoclase (Anyggs.i554Abgo 19635707 2050.5.55) and
anarthoclase (Abgg1.6120073387.2001A0 05.403). Olivines are magnesian (Fog,.5,)
and ferriferous (Fo,g4.3,,). In HMg-B, olivine are only magnesian. These oli-
vines are chrysolites and hyalositerite. In LMg-B, olivines are magnesian and
ferriferous with the predominance of ferriferous. They are chrysolites, hyalo-
siterite and hortonolite. Pyroxenes are Ca, Mg and Fe clinopyroxenes. There
are diopsides (WO0s) o4.45.00EN41.41.33.16FS16.02-1070) and augites

(WO 554364141 03.37.04FS15.25.1443). Oxides are magnetites represented by ulvos-
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pinel (Uspg,5Sp,.,Mts.,3). Fractionation of ferromagnesian minerals (opaque
oxide, olivine and pyroxene) is the main differentiation process. Two stages
of fractional crystallization can be distinguished: the first stage comes with
basanites and the second with hawaiites to mugearites. Chemical composi-
tions of phenocrystals in studied basaltics lavas record signatures of magma
recharge by pulsatory intrusions of new magma into the existing magma re-
servoir before the eruptions.

Keywords

Cameroon Volcanic Line, Bafang, Alkaline Basaltic Lavas, Fractional
Crystallization, Magma Recharge

1. Introduction

The generation and the evolution of magma are known to be two stages related
to the formation of igneous rocks. The Cameroon Volcanic Line (Figure 1(A))
is the unique tectonomagmatic feature all over the world [1] which the origin is
still debated. Mineralogical studies of basaltic rocks provide informations for the
better understanding of petrogenitic processes developed in the Cameroon Vol-
canic Line (CVL). Here we present mineral chemistry of alkaline volcanic rocks
of Bafang and its environs. These volcanic rocks are basanites, alkali basalts, ha-
waiites and mugearites [2]. According to [2], the basaltic lavas of Bafang and its
environ are alkaline volcanic rocks with Na (Na,0/K,0 = 1.5 - 3.0) and also
Ne-Ol-Di-Hy normative. According to % MgO and their mantle sources, these ba-
saltic rocks are subdivided into two groups: the high MgO basalts (HMg-B) and the
low MgO basalts (LMg-B). The HMg-B is made of samples BAF 22, BAF 34, BAF
42, BAF 42 and BAF 44 with MgO (9.12 wt% - 11.81 wt%) and the LMg-B made of
samples BAF 2, BAF 3, BAF 5a, BAF 10, BAF 11, BAF 13, BAF 15, BAF 18, BAF 33,
BAF 36, BAF 37, BAF 38, BAF 40, BAF 41, BAF 43 and BAF 46 with MgO (2.38
wt% - 6.69 wt%). Mineral chemistry is used in this study to give new constraints
into magmatic processes beneath the volcanic region of Bafang and its environs.

2. Geological Setting

The basaltic lavas from Bafang and its environs (Figure 1(B)) belong to the Ba-
mileke plateau located in the West Cameroon Highlands (Figure 2). The study
erea is 5°4'21" to 5°13'38" North and 10°8'17" to 10°19'38" East and covers sur-
face of 500 km?’ for the culminant point at 1300 m high (Figure 1(B)). It is
bounded to the north by Monts Bambouto [6], Bamenda ([7] [8] [9] [10]) and
Oku ([11] [12]), to the south-west by Manengouba Mont ([13]), to the east by
Monts Bana ([14] [15] [16]) and Bangou ([17]) and to the west by Mbo Plaines
(Figure 2). The basaltic lavas of Bafang and its environs cover granito-gnessitic
basement rocks ([14] [15] [18]) and poured out during three volcanic eruptions
in the upper Miocene (10 to 6 Ma [2] [19]).
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Figure 1. Study area. (A) Location of the Bafang area (Red square) along the Cameroon Volcanic Line (adapted after [3], com-
pleted). Location of seamounts after [4]. Inset, bottom right is after [5]. (B) Geological map of Bafang and its environs.
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3. Analytical Methods

3.1. Major and Trace Element Analyses

Whole-rock major elements were measured on the Horiba Jobin-Yvon Ultima 2
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Figure 2. Simplified geological map of the studied area and location of the samples in the
West Cameroon Highlands (after [20], modified).
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ICP-AES at the IUEM (European Institute for Marine Studies, Pole de Spec-
trométrie Océan, Brest, France). The detailed description of the analytical pro-
cedure is given in [21]. Major elements were determined from an H,BO, solu-
tion, boron being used as internal standard for ICP-AES analysis. For major
elements, relative standard deviation was 1% for SiO, and 2% for the other ma-
jor elements, except for low values (<0.50 wt%), for which the absolute standard
deviation is +0.01 wt%. Trace element concentrations were measured with a
Thermo Element2 HR-ICP-MS in Brest (France), after a repeated HF-HCIO,
digestion, and HNO, dilutions (see [22] for details). The repeated analysis of the
international standard BCR2 demonstrated an external reproducibility better than

5% - 10% depending on the element and concentration.

3.2. Minerals Analysis

The polished thin sections of the different rock-types were observed under an
Olympus BH2-HLSH microscope. The minerals of the different thin sections
were observed at magnifications x5, x10, x25 and x50. Microprobe data of ba-
saltic lavas of Bafang and its environs of Bafang were obtained using a Cameca
SX-100 automated electron microprobe at Service Microsonde Ouest of Brest,
France. Chemical analyzes (“Université de Bretagne Occidentale-Brest, France”) of
major elements were performed using an electron microprobe with beams of: 10
and 40 um, 15 kV accelerating potential and 10 - 12 nA current and 6 s counting
time per element (see [23]) for analytical details]. Errors considered for these ana-
lyzes are between 5% and 10% of measured values < 1% and between 1% and 5% of

the measured values > 1%. The main mineralogical data are given in Table 1.

4. Results
4.1. Field Observations and Petrography

The alkaline basaltic lavas of Bafang and its environs occur as flow, prismatic,
bowl and bloc lavas generally in the summit and the side of the hill as well as in
the water flows. Prismatic lavas are found in the localities of Kotchou and Njen-
fa. They are thick lavas with collonades form of 2 m high (Figure 3(A)) observed
in some places. Prismatic lavas are hexagonal to pentagonal with 5 to 30 cm in di-
ameter and deliminated by tensional cracks (Figure 3(B)). At Kotchou and Bana,
prismatic lavas are exhumed horizontally in the soil and recover by one to two
meter of soils. At Njenfa and Bafang, prismatic lavas dip to the south west and to
the south indicating two directions of flowing (Figure 3(C) and Figure 3(D)).
Oblic prismatic lavas dipping to the south west are qualified to false collonades
whereas vertical prismatic lavas dipping to the south are true collonades. All the
basaltic lavas from Bafang and its environ are mesocrate, melanocrate to holo-
melanocrate with phorphyritic to aphyritic and sometime fluidal textures
(Figure 4). Some samples in thin section show mineral inclusions and zonations.
Theses textural features are observed with olivines and clinopyroxene crystals

exhibiting oxide (Figure 4(A'")) and olivines inclusions respectively. Zonations
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Figure 3. Prism and different colonnades in the craft quarrying of Kotchou and Njenfa.
(A) colonnades of olivine and pyroxene basalts in the craft quarrying of Kotchou
(N05°09'55.9", E10°17'46.8" 1610 *+ 3 m), showing prisms with many faces and buried in
the soil; (B) colonnades of olivine and pyroxene basalt in the craft quarrying of Njenfa
(N05°08'33.1", E10°09'38.6" 1197 + 3 m), showing different types of prisms with many
faces (trigonal, pentagonal and hexagonal) and more than 2 m length; (C) disposition of
olivine and pyroxene basalt false collonnades in the craft quarryinf Njenfa; (D)
disposition of olivine and pyroxene basalt true (vertical arrow) and false (oblic arrow)
colonnades in the craft quarryinf Njenfa. Arrow indicate the disposition of colonnades
whereas white dashed line indicate the length.

Table 1. Main mineralogical characteristics for alkaline lavas of Bafang and its environs. ¢ = phenocryst; #¢ = microphenocryst;

= microcryst or microlite.

Alkaline lavas of Bafang and its environs Position Olivine Clinopyroxene Feldspar Fe-Ti oxide
@ Fogs 75 Woyu, 4, Eny 3sFsis 14
High MgO basalt (HMg-B) U
7 Fo,,.¢ Wo,sEnggFs); Angg 45Abg 5,01, USPg_5Sp;.4Mts s
@ Fogs.40 Wos Eng s6Fsis;  Angs ,;Abgs 3,01, USPg.755p4.. Mty 15
Low MgO basalt (LMg-B) U Fosy 5 Ans, 1,Abg 4,01, 5 USPgy.555ps.,Mt, 15
7 Fog;.3 Wos, 49Ensg 33Fs ;5.3 Ang; sAbgy 4,013, USPgy.755P5..Mt3.9

are observed with olivine, clinopyroxene and plagioclase phenocrysts (Figure
4(C")). The decrease of olivine and clinopyroxene phenocrysts is also observed

from basanites to mugearites (Figure 4).

4.2. Mineralogy

Seven (07) thin sections of representative samples (Two HMg-B: BAF 22 and
BAF 42 and five LMg-B: BAF 2, BAF 3, BAF 18, BAF 36 and BAF 37) have been

chosen for microprobe analysis in order to determine chemical compositions of
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Figure 4. Photomicrographs and microscopic images of representative samples of alka-
line basaltic lavas from Bafang and its environs. (A) and (B) Fields observation of HMg-B;
(C) and (D) Fields observation of LMg-B. (A') and (B') microscopic images of microlitic
porphyric texture of HMg-B. (C') and (D') microscopic images of microlitic porphyric and
aphyric textures of LMg-B. These observations are in cross and under-polarized light. PI:
plagioclase; Cpx: clinopyroxene; Ol: olivine; Op: Opaque mineral.

different mineral phases. One hundred and eight chemical analyses have been
performed on phenocrysts, microphenocrysts and microcrysts of olivine, clino-
pyroxene, oxide, plagioclase and anorthoclase in these samples (Tables 2-5). In
these seven thin sections of samples analysed one is from basanite, three from

alkali basalt, one from hawaiite and two from mugearite.

4.2.1. Olivine

Olivine crystals analysed (Table 2) are characterized by their higher content in
MgO relative to FeO, synonymous with their forsterite composition (Fog ,5) in
HMg-B. But in LMg-B, olivines in hawaiite and mugearite have higher content
in FeO relative to MgO, synonymous with their fayalite composition (Fosgs;).
The range of olivine composition is shown in Figure 5. In this Figure 5, olivines

of HMg-B are chrysolite and hyalosiderite; and those of LMg-B are chrysolite,
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Figure 5. End-member compositional variation in olivine of alkaline basaltic lavas from
Bafang and its environs.

hyalosiderite and hortonolite. Olivine compositions in HMg-B range from Fog;,
to Fog, with 0.17 wt% - 0.54 wt% CaO and 0.15 wt% - 0.51 wt% MnO. In the
LMg-B, olivines composition range from Fo,, to Fogs with 0.15 wt% - 0.70 wt%
CaO and 0.18 wt% - 1.41 wt% MnO. In HMg-B CaO shows negative correlation
while NiO display positive correlation (Figure 6). CaO in olivine phenocrysts
display positive correlation in core and negative in rim contrary to NiO (Figure
6(E) and Figure 6(F)) whereas in LMg-B CaO and NiO variations with Fo are
contrasted (Figure 7). CaO and NiO contents in the studied basaltic lavas are in
the range generally obtained in alkali basalts from the Cameroon volcanic Line
([1] [10] [24] [25] [26]). In these rocks, olivine phenocrysts are generally more
magnesian and exhibit zoning, with Fe enrichment from core (Foy, 4,) to rim
(Fo,s.54), suggesting equilibrium at ~1150°C - 1200°C ([27] [28]).

4.2.2. Clinopyroxene
Structural formular have been calculated according to [29]. Results are shown in
Table 3. In the binary plot Q-] (Q = Ca + Mg + Fe*; ] = 2Na) of [29] (Figure
8(A)), pyroxenes in the studied mafic lavas in the area of Bafang fall in the Quad
(Ca-Mg-Fe) domain. They are Ca-Mg-Fe pyroxenes regarding thier relative
contents of Ca,Si,04 (Wo), Mg,Si,04 (En) et Fe,**Si,O4 (Fs). In the ternary plot
(Wo-En-Fs; Figure 8(B)) of [29], these pyroxenes are clinopyroxenes and main-
ly augite (W0,49.436E0410.57.0FS153.144) and diopside (Wos;g.450En414.35,F8164107) In
compositions.

Structural formula indicates Si permanent gap in the tetraedric site T and the
presence of 85% of ferriferous iron in the octaedric sites. Oxides in the clinopyrox-
ene in the erea of Bafang are TiO, (0.3 a 5.4%wt), ALLO; (1.0 - 9.6%wt), Na,O
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Figure 6. Relations between Fo and CaO, and between Fo and NiO of olivines in basanites and alkali basalt of
HMg-B of Bafang. Black circle (basanites), White circle (alkali basalt), Green (phenocryst), Red (mi-
cro-phenocryst), Blue (microcryst), Orange (core), Pink (rim).

(0.4 - 1.8%wt), FeO (5.7 - 14.2%wt), MgO (10.2 - 14.6%wt), CaO (19.8 -
23.3%wt), Cr,0; (0 - 0.66%wt) and MnO (0.1 - 0.5%wt).

Chemical compositions of the representative clinopyroxene are shown in a
binary and ternary plot of the Wo-En-Fs system (Table 3; Figure 8). According to
binary plot (Figure 8(A)), pyroxene of Bafang are Ca-Mg-Fe rich. In ternary plot
(Figure 8(B)), pyroxene in alkaline volcanic rocks of Bafang are clinopyroxene
and have compositions ranging from diopside (Wos; o 450EN,; 4.33,FS164.107) to au-
gite (Wouy.436ENy; 0.370FS155.144). Diopsides are more abundant than augites. But
in basanite, augites are predominent.

Clinopyroxene in HMg-B range from Wos,,En,, Fs;z; to Wo,;En;; . Fs,,,.
TiO, (0.31 - 5.39 wt%), ALO, (2.55 - 8.29 wt%), Na,O (0.42 - 1.79 wt%) and CaO
(19.76 - 23.45 wt%) abundances are fairly high and various indicating the alkali
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Figure 8. Nature and nomenclature of clinopyroxenes in the alkaline basaltic lavas of Bafang and
its environs. (A) Position of clinopyroxenes of alkaline basaltic lavas of Bafang in the Q-] dia-
gramme of [29]. (B) Position of clinopyroxenes of alkaline basaltic lavas of Bafang in the Wo-En-Fs
diagramme of [29]. Symbols as in Figure 5.

nature of these pyroxenes [31]. Clinopyroxenes in some samples show both
concentric and zoning. Zoning Cpx phenocrysts show differences in TiO,, Al,O,,
FeO and MgO contents in different sectors (Table 3). Some of the larger pheno-
crysts are Na,O and FeO rich but low in Al,O,;, MgO and TiO, (Table 3). Al/Ti
ratios are low in the rim (2.78 - 3.49) and high in the core (4.99 - 13.10).

Cpx in LMg-B range from Wo; En,,Fs;s, to WoyEn,;,Fs,, TiO, (0.53
Wt% - 3.25 wt%), ALO, (0.97 wt% - 4.89 Wt%), Na,O (0.53 wt% - 0.72 wt%) and
CaO (21.77 wt% - 21.96 wt%). These compositions shows that HMg-B Cpx are
rich than LMg-B Cpx.

Clinopyroxenes with zoning in alkaline basaltic lavas of Bafang show two
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Table 3. Representative microprobe analyses of clinopyroxene for alkaline lavas of Bafang and its environs. Wo = Ca (wollastonite).
En = Mg (enstatite). Fs = Fe? + Fe’ + Mn (ferrosilite). Mg# = 100*Mg/(Mg + Fe**), where Fe*" is calculated after [30].

High Magnesian-basalts (FHIMg-B)

Type of rock
Name Basanite Basalt
sample BAF 22 BAF 42
n’ 13/1 20/1  24/1 26/1 25/1  27/1 30/1 31/1 33/1 80/1 81/1 87/1 89/1 90/1 91/1
Position ] ¢  Plcore ¢/rimext ¢/rim ¢  plcore $lrim u  $lcore Hlrim ¢ 4 Plcore ¢lrim
SiO, 45.58  48.09 48.93 46.74 45.62 47.63 4622 47.05 43.13 50.75 42.11 48.09 44.45 48.67 44.27
TiO, 3.41 1.55  1.49 3.18 3.38 1.77 2.98 2.84 4.44 0.31 5.39 249 3.68 1.46 3.89
Al O, 7.69 6.39 745 6.25 7.33 5.65 6.91 6.32 7.25 2.55 9.57 534 794 6.65 8.29
Cr,0, 0.06 0.00 0.21 0.00 0.00  0.00 0.01 0.15 0.00 0.08 0.11 0.19 031 0.03 0.41
FeO 7.36 11.00 6.87 7.04 7.46 9.11 7.28 7.26 1058 12.61 7.61 6.69 7.17 9.19 6.54
MnO 0.15 0.28  0.09 0.09 0.15  0.24 0.12 0.15 0.18 0.36 0.14 0.12 0.15 0.18 0.07
MgO 12.06 10.30 14.61 12.85 1235 12,05 12.85 1328 11.98 1190 1091 14.03 12.39 11.26 12.30
CaO 23.45 2046 19.76 23.28 23.20 23.07 2322 22.89 2192 2047 2317 2276 2295 20.77 23.02
Na,O 0.45 1.79  0.81 0.49 0.50  0.49 0.42 0.43 0.56 0.63 056 0.46 048 1.77 0.49
K,0 0.01 0.00  0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.01 0.01 0.00
P,0s 0.00 0.06  0.00 0.00 0.02  0.02 0.00 0.01 0.07 0.01 0.05 0.01 0.00 0.04 0.01
NiO 0.04 0.00 0.03 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.01 0.06 0.00 0.00 0.00
Total 100.25 9991 100.24 99.91 100.00 100.04 100.02 100.38 100.15 99.67 99.62 100.22 99.53 100.01 99.29
Formula based on 4 cations and 6 oxygen atoms
Si 1.70 1.80 1.79 1.74 1.70 1.78 1.72 1.74 1.62 1.92 1.59 1.78 1.66 1.80 1.66
AlY 0.30 0.20 0.21 0.26 0.30 0.22 0.28 0.26 0.32 0.08 0.41 022 034 0.20 0.34
AlV 0.03 0.08 0.11 0.01 0.02  0.03 0.02 0.02 0.00 0.03 0.01 0.01 0.01 0.09 0.02
Alt 0.34 0.28  0.32 0.27 0.32 0.25 0.30 0.28 0.32 0.11 0.42 023 035 0.29 0.37
Ti 0.10 0.04 0.04 0.09 0.09  0.05 0.08 0.08 0.13 0.01 0.15 0.07 0.10 0.04 0.11
Cr 0.00 0.00 0.01 0.00 0.00  0.00 0.00 0.00  0.00 0.00 0.00 0.01 0.01 0.00 0.01
Fe** 0.11 0.16  0.07 0.10 0.13 0.13 0.13 0.11 0.23 0.07 0.13 0.10 0.14 0.15 0.12
Fe?* 0.12 0.18 0.14 0.11 0.11 0.16 0.10 0.11 0.10 0.32 0.11 0.10 0.08 0.14 0.08
Mn 0.00 0.01  0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.00
Mg 0.67 0.57  0.80 0.71 0.69 0.67 0.71 0.73 0.67 0.67 0.61 0.77 0.69  0.62 0.69
Ca 0.93 0.82 0.77 0.93 0.93 0.92 0.92 0.91 0.88 0.83 094 050 092 0.82 0.92
Na 0.03 0.13  0.06 0.04 0.04 0.04 0.03 0.03 0.04 0.05 0.04 0.03 0.03 0.13 0.04
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
Total 4.00 4.00  4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Mg# 85.08 76.16 84.90 86.19 86.70 81.18 87.63 86.69 86.76 6742 8531 8825 89.52 8194 89.12
Wo 46.55  44.14 44.88 44.56 4560 46.62 44.69 4375 44.82 4938 51.19 4470 50.22 50.47 47.89
En 38.46  41.03 39.01 41.01 3798 38.69 3852 38.67 38.03 3880 3553 37.04 3642 37.55 4141
Fs 15.00 14.83 16.11 14.43 1642 14.69 16.79 17.58 17.15 11.81 1328 1825 13.35 11.98 10.70
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Continued
Type of rock Low Magnesian-basalts (LMg-B)
Name Basalt Hawaiite Mugearite
Sample
BAF 18 BAF 2 BAF 37
n’ 120/1 122/1 96/1 102/1 108/1 59/1 63/1 69/1 72/1
Position Iz Iz Iz Iz U ¢ ¢ ¢ ¢
SiO, 47.98 47.18 50.20 49.53 50.37 50.91 49.56 51.38 50.07
TiO, 2.79 3.25 1.83 1.93 1.67 0.53 1.07 0.61 0.99
ALO, 4.04 4.89 2.28 2.53 2.25 0.97 2.55 0.99 1.60
Cr,0; 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeO 9.73 9.89 10.88 10.93 10.75 13.95 13.43 13.76 14.16
MnO 0.23 0.24 0.34 0.37 0.33 0.50 0.34 0.50 0.49
MgO 12.85 12.67 12.42 12.53 11.94 10.77 10.17 11.14 10.54
CaO 21.39 21.17 21.72 21.20 21.96 21.81 21.84 21.56 21.47
Na,O 0.56 0.71 0.64 0.60 0.69 0.58 0.94 0.53 0.72
K,0 0.00 0.01 0.02 0.00 0.02 0.00 0.00 0.01 0.00
P,05 0.10 0.18 0.01 0.00 0.02 0.00 0.00 0.00 0.04
NiO 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Total 99.68 100.20 100.33 99.61 100.02 100.02 99.90 100.49 100.07
Formula based on 4 cations and 6 oxygen atoms
Si 1.81 1.77 1.88 1.87 1.90 1.94 1.88 1.94 1.91
AlY 0.18 0.22 0.10 0.11 0.10 0.04 0.11 0.04 0.07
AlY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Alt 0.18 0.22 0.10 0.11 0.10 0.04 0.11 0.04 0.07
Ti 0.08 0.09 0.05 0.05 0.05 0.02 0.03 0.02 0.03
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe** 0.09 0.12 0.08 0.08 0.06 0.09 0.13 0.07 0.11
Fe?* 0.21 0.19 0.26 0.26 0.27 0.35 0.30 0.36 0.34
Mn 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.02 0.02
Mg 0.72 0.71 0.69 0.71 0.67 0.61 0.58 0.63 0.60
Ca 0.86 0.85 0.87 0.86 0.89 0.89 0.89 0.87 0.88
Na 0.04 0.05 0.05 0.04 0.05 0.04 0.07 0.04 0.05
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Mg# 77.22 78.82 72.66 72.88 70.95 63.56 65.81 63.35 63.86
Wo 49.24 49.74 49.37 51.94 50.22 46.78 45.02 44.39 43.64
En 37.82 37.71 37.63 33.16 36.47 37.66 40.25 39.96 40.69
Fs 12.93 12.54 13.00 14.90 13.31 15.56 14.73 15.65 15.67
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evolution (Figure 9): in one side the enrichment in FeO and MgO from rim to
core (Figure 9(C) and Figure 9(E)) and in another side the enrichment of TiO,
and CaO from core to rim (Figure 9(B) and Figure 9(D)), with the decrease of
Al O, and Na,O from core to rim (Figure 9(A) and Figure 9(F)).

Clinopyroxene crystals core in basanite BAF 22 and in alkali basalt BAF 36 are
more Mg-rich than the rim. Ti is higher in the rim compared to the core (Table
3). This observation is also made with the Al". Notice that Mn contents are low-
er from rim to core. Zoning clinopyroxenes are rim Fe’* rich than the core. Al"
and Cr are higher from core to rim. The cores in phenocrysts are Si rich (1.71 -
1.79 a.p.f.u.) compared to the rim (1.70 - 1.74 a.p.f.u.). In addition the Al/Ti ra-
tio is low at the rim (2.78 - 3.49) and high in the core (3.63 - 13.10).

4.2.3.Fe-Ti Oxides

Structural formula of oxides has been calculated according the [32] method and
the percentage of ulvospinel according method [33]. Results are listed in Table
4. In all the studied lavas oxides are represented by phenocrysts, micro-

phenocrysts and microcrysts. All these oxides are magnetite and belong to the
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Figure 9. Relations between Al,O;, TiO,, FeO, Na,O, MgO and SiO, of zoning Cpx in alkaline basaltic lavas
of Bafang and its environs. Black circle (basanites). White circle (alkali basalt). Blue (core). Pink (rim).
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Table 4. Representative microprobe analyses of Fe-Ti oxide from alkaline lavas from the Bafang and its environs. USP =

Uvdspinel; Sp = Spinel; Mt = Magnetite.

Type of High Mg Nb-enriched basalts Low Mg Nb-enriched basalts
(LMg-NB) (LMg-NB)
rock
Name Basanite Basalt  Basalt Hawaiite Mugearite
Sample
BAF 22 BAF42 BAF 18 BAF36 BAF 2 BAF3 BAF37
Position Iz U U Iz ué Iz U ué ué ¢ Iz ¢ Iz
n’ 23/1 29/1 83/1 123/1 51/1 42/1 48/1 103/1  105/1 114/1 111/1  71/1 61/1
SiO, 0.10 0.03 0.25 0.05 0.06 0.05 0.12 0.06 0.04 0.12 0.09 0.06 0.10
ALO, 2.57 2.55 4.75 2.07 3.30 1.32 3.26 1.81 1.72 2.56 1.61 1.50 1.51
TiO, 25.14 24.86 22.90 21.89 22.79 25.99 22.20 26.17 26.15 21.79 23.05 2038 1993
FeO 65.30 65.30 62.85 68.56 66.16 67.28 66.62 67.06 67.96 69.56 6991 7337 7290
MnO 0.72 0.76 0.58 0.60 0.59 0.71 0.56 0.71 0.80 0.70 0.71 0.72 0.79
MgO 3.69 3.07 5.07 3.23 3.79 1.98 4.09 2.20 2.22 2.70 2.37 1.50 1.11
CaO 0.19 0.14 0.22 0.13 0.02 0.16 0.05 0.00 0.00 0.00 0.00 0.01 0.05
Cr,0; 0.27 0.25 0.37 0.40 0.58 0.14 0.46 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.03 0.09 0.04 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.02 0.02 0.00 0.00 0.07 0.01 0.00 0.00 0.00 0.00 0.06 0.05 0.00
K,0 0.02 0.01 0.00 0.01 0.01 0.03 0.00 0.01 0.00 0.00 0.00 0.00 0.00
P,05 0.00 0.00 0.00 0.03 0.02 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL 97.76 96.84 96.66 96.57 96.84 97.57 96.95 98.04  98.88 97.44 97.81 97.60 96.41
Formula based on 24 cations and 32 oxygen atoms
Si 0.0288 0.0098 0.0702 0.0138 0.0173 0.0161 0.0334 0.0189 0.0115 0.0357 0.0266 0.0162 0.0296
Al 0.8739 0.8790 1.5938 0.7150 1.1213 0.4604 1.1056 0.6259 0.5905 0.8803 0.5561 0.5207 0.5331
Ti 5.4512 5.4690 4.9067 4.8125 49431 5.7678 4.8071 5.7701 5.7176  4.7773  5.0695 4.5140 4.4845
Fe** 4.1182 4.1202 4.3707 5.5436  4.8691 3.9591 5.1086 3.8008 3.9513 5.4937 5.2875 6.4496 6.4400
Cr 0.0626 0.0576 0.0829 0.0930 0.1333  0.0328 0.1048  0.0000 0.0000  0.0000  0.0000 0.0000 0.0000
Fe** 11.6264 11.8562 10.6052  11.2217 11.0879 12.6452 10.9335 12.6415 12.5721 11.4657 11.8135 11.6236 11.7992
Mg 1.5842 1.3397 2.1540 1.4060 1.6283 0.8715 1.7539  0.9612 0.9601 1.1737 1.0334 0.6605 0.4954
Mn 0.1751 0.1892 0.1398 0.1481 0.1443 0.1776  0.1369  0.1769 0.1968 0.1737 0.1766 0.1808 0.2013
Ni 0.0065 0.0220 0.0084 0.0000  0.0035 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
TOTAL 24 24 24 24 24 24 24 24 24 24 24 24 24
USP 90 88 88 83 85 89 85 89 89 81 83 75 75
Sp 4 4 7 3 5 2 5 2 2 4 2 2 2
Mt 6 8 5 13 11 9 10 8 9 15 14 22 23

titanomagnetite serie forming the solid solution between magnetite (Fe,O,) and
ulvospinel (Fe,TiO,) (Figure 10). These oxides are FeO high (65.30 wt% - 72.90
wt%) if regarding the TiO, (19.93 wt% - 26.17 wt%) contents. Their chemical
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TiO2
(Anatase)
(Rutile) (Brookite)

FeO Fe203
(Wustite) Fe304 (Hematite)
(Magnetite)

Figure 10. Position of oxide opaque of alkaline basaltic lavas from Bafang and its envi-
rons in TiO,-FeO-Fe,O, diagram of [34]. Symbols as in Figure 5.

compositions are close to ulvospinel (Usp,,g.0016Mts,3.22045P177.7.1,) (Figure 10).
The TiO, (19.93 wt% - 26.15 wt%), MnO (0.56 wt% - 0.79 wt.%), FeO (62.85
wt% - 73.37 wt%), Na,O (0.00 wt% - 0.07 wt%), K,O (0.00 wt% - 0.02 wt%) and
P,O; (0.00 wt% - 0.02 wt%) contents decrease whereas the MgO (1.11 wt% - 5.07
wt%), CaO (0.00 wt% - 0.22 wt%) et Cr,0; (0.00 wt% - 0.58 wt%) contents in-
crease. The AL,O; (1.32 wt% - 4.75 wt%) contents are relatively constant.

4.2.4. Feldspars

Representative analyses of feldspars are listed in Table 5 and plotted in Figure
11. Feldspars in HMg-B are only plagioclase (Ang;g7.47.04Ab40.4130430T1165.1.60)- 1N
LMg-B, feldspars are plagioclase (Ang,;s.i55:ADgo19.34630T2050.1.51) and anorthoc-
lase (Abgg11.6120003387.2001AN 905.403)- Plagioclases in HMg-B are labradorite
(Ang; 67.5030AD3574.30.430T257.1.60) and andesine (Any; 4,Ab,g 4,01y ¢5). In LMg-B, pla-
gioclases are labradorite (Ang,ss.s;05Abus0s33720T506151)> andesine (Anys ;s
Abg) 66.51790T5.52.277,) and oligoclase (Anyggs 155:Abgo15.63.570T2050.8.55). Plagioclases
are more abundant than anorthoclase. Only two microcrystals analyzed corres-
pond to anorthoclase in mugearite.

The CaO content (10.32 wt% - 14.02 wt% and 1.06 wt% - 13.46 wt% for
HMg-B and LMg-B respectively) shows a wide range and the anorthite content
ranges from 47.94 wt% to 67.97 wt% in HMg-B and from 4.93 wt% to 64.75 wt%
in LMg-B. The AL,O; and FeO contents show wide compositional ranges with
28.88 wt% - 31.11 wt%; and 0.57 - 0.93 wt in HMg-B. The values of Al,O, (20.01
wt% - 30.27 wt%) and FeO (0.15 wt% - 1.34 wt%) in LMg-B in contrary show
narrow compositional ranges.

The zoning observed on the plaglioclase in the alkali basalt BAF 36 indicates

decreasing in Al and Ca and increasing in Na and K from rim to core (Figure 12).

DOI: 10.4236/0jg.2021.116013

227 Open Journal of Geology


https://doi.org/10.4236/ojg.2021.116013

N. B. Tchuimegnie Ngongang et al.

81 6C e 6'C 81 124 81 € 6T 61 Sl 1 81 8¢ 0°¢ 90 ST ST 9T 0c 911 0¢C 91 10
999 8'¢s 0Ty 9%Cs 0%9 9°9¢ g9 6'lF  T6S LBS T6S 6¢S 065 9'6¢ LYy 89T L'%9 6°€9 9'¢9 899 6Ly €69 089 uy
9’1y €y 0SSy SFP £¥e 1'6S L'SE 9'FS 8'8¢ Fe6c €6t O0FF 76¢ 996 s 9'¢9 L'ee 9%e 6'tE (443 70y L'8E 70€ qv
10°S 100 00's  T10'S 009 00°S 0 10°¢ 106 ¢0's 009 109 10 109 To's  Tos  To's 10°S 10°9 10° 60°'S  T0'S 10°S [elog,
00’0 000 000 000 000 000 000 00'0 000 000 000 000 00°0 000 000 000 000 000 000 00°0 000 000 00°0 Bkl
<00 €00 €00 €00 00 ¥0°0 00 ¥0°0 00 TO0 <¢00 TO0 00 00 €00 IT0 <00 00 €0°0 00 €1'0 200 00 p:
o €0 S0 STO ge0 650 9¢’0 G680 6£0 0F0 6€£0 SPO 6£°0 LS50 £€5°0 990  ¥E€O0 Se0  ¥E0 €0 €70 6¢£°0 1€°0 BN
850 €50 TS0 €90 ¥9°0 9¢'0 ¥9°0 o 090 090 650 SS0 6570 0¥°0 9%'0 910 990 S9°0 £9°0 99°0 IS0 090 89°0 D
1000 €00 100 100 10°0 00°0 10°0 000 100 100 100 100 100 000 1000 000 000 000 10°0 10°0 20’0 000 000 8
000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 U
200 SO0 €00 €00 00 100 00 10°0 00 200 <¢oo  Too 200 100 €00 T00 C00 200 #0'0 €00 €00 <00 00 +eod
¥S'1 05T L¥FT 091 191 el 191 %1 LS LS'T 9S8°T 1971 8S°1 oF'1 T ST'T €971 91 091 €91 86T 651 991 1\4
000 00 100 000 000 000 000 000 000 000 000 000 000 000 100 100 000 100 10°0 100 100 100 000 L
4 YT BFT VT 9¢'C ¥o°C GE'T LS°T oF'c 6¢C 1I¥T SPT 0¥'T 65T €5°C T®T £€T ¥e'T S€'T €€'C LET BET €T 1S
T0°00T B0'00T T6'66 SO'00T LS'66 8686 9L66 83566 TE66 T6'66 F866 ST00T L666  LBG6 9¢00T €L66 €F66 FL00T ¥T66 TS66 0986 £666 £900T Te30L,
00'0 000 000 000 000 00°0 10°0 000 000 000 000 €00 000 000 000 TO'0 €00 000 000 000 000 0070 00 OIN
000 000 000 000 000 0070 0070 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 £Q%D
000 900 900 ¥00 00 000 00 000 100 ¥0°0 TO00 00 ¥0°0 £€0°0 0’0 000 000 000 800  ¥0°0 000 €00 80°0 04
0 6’0 €50 IS0 0€0 L0 10 90 €e'0 ¥E0 9T0  LE0 0 L9°0 750 99t L0 LT°0 ¥¥0 €0 1 ¥£0 80 [0l
wy 8% €I's 609 06'¢ 129 (84 679 Wy LSV LVY 11§ 8¥¥ 159 609  I¥L  LI8E 00°% 6L°¢ 99°¢ 8% 9%¥ Lv'e O%®N
L8'TT  06'0T <CL0T 8801 9T'¢€l 154 €0°€El P28 OT'TI €€°CT TTel Te'1l 0T'Tl Y8 ¥F6  Fee 9F'el  9¢el  88CI  TSEl  TEOT ¥eCl  COFI O®D
800 6¥'0 810 <TI0 60°0 S0°0 110 SO0 800 TIT0 TII'0 800 80°0 S0°0 600 €00 900 L00 (A4 600 0 €00 €00 O8I
000 €00 €00 100 0070 €00 €00 000 100 000 100 100 £€0°0 000 000  S00 200 200 80°0 10°0 600 €00 00 OUN
190 1T 80 890 LS°0 €0 €9°0 9¢'0 €90 LSO IFO £F0 050 LT0 £8°0  S¥0 990 650 £€6'0 940 940 LSO 790 024
PL'8C BO'BT L¥LT O0OI'BT 6L6T 6£ST T86T 6S99C 11'6C LT6T 1T6T LE8T OF6T 8E€9T 9497 18'1T €T0€ LT0E 6F6T €1'0€ 88BT IL6T II'IE OV
cro  LT0 TTO €00 ¥IO €0°0 1o €00 0T'0 ¥1°0 800 <TI0 cro L0°0 LT0  IT0  TI0 91’0 ¥T0 610 €0 LT0 ¥1°0 ‘OLL
SPES  0L'€S I8FS 69FS 0919  8T8S  SSIS 0699 8FTS 99°TS 90°€S LTFS SLCS  99°LS FT9S FLT9 TROS  19TS  80IS 6409 L6°0S 9TTS 809 01s
n ) :. . wiyy¢ a103/¢ wuyP a100/¢ @ ] ] ¢ wiy¢ azod g A n ¢ ¢ n ) a. n n uonisog
1/9 1/¥S T/OF /L€ 1/€S  1/Ts  1/0s  1/6% T1/9% T/ TI/¥v T/1F  1/6€  1/8€ T/STT 1/6TT 1/Z1 1/811 1/26 1/28 1/T€ 1/8T 1/TC u
9edvd 81 4vd h 4vd Zcavd ardures
Jeseq Jeseq ajueseq aureN

(9-8T) sareseq O3 Mo

(g-8WH) sieseq oS ydig 100730 2dAL

"2SEPOYHIQD = 10 QDIYHOUY = Uy 2Nq[Y = QY

SUOIIAUD s)T pue Sueyeq Jo seae[ suley[e 10J sxedsp(ay Jo sasA[eue aqordoIoTiu aAn)eIUasa1day °G 9[qe T,

Open Journal of Geology

228

DOI: 10.4236/0jg.2021.116013


https://doi.org/10.4236/ojg.2021.116013

N. B. Tchuimegnie Ngongang et al.

o1l S0t 60T 9'8 6'tE s's jad! €Tl 8T ¥e ¥'e 10
961 0T 011 99T 6% 8'1€ ¥o1 8°0T %14 8'€S ¢S uy
689 169 189 8°%9 19 LC9 69 899 818 gey 3 a4 qv
10°S c0’s 10°S 10°S €0'S 10°S 0's 10°S 10°S 10°S 10°S ®oL
00°0 00°0 0070 0070 000 00°0 00°0 000 00°0 000 0070 Qa
1o 1o 120 60°0 SE°0 90°0 sT'0 o £0°0 200 00 p |
89°0 690 890 99°0 €90 £€9°0 1270 £9°0 €50 P70 S¥0 EN
61°0 0cT'o 110 LT0 <00 €0 LT°0 120 9%°0 ¥S0 ¥S0 €D
10°0 00 10°0 00°0 00°0 100 00°0 000 000 00°0 00°0 S
000 000 000 00°0 000 00°0 000 000 00°0 000 000 A
<00 S0°0 €00 100 ¢o0 €00 00 00 00 00 00 +eod
61T 811 It LTT SO'T 0g'l oT'l 0Tl 1 €91 151 v
00°0 000 00°0 00°0 00°0 00°0 000 000 00°0 10°0 000 L
LLT 9L 98°C e 6T 99°C 18°C 8L'C €9°C S¥'T S¥'e IS
LL'66 617001 0% 001 96'66 L¥00T SL66 £6'66 8€°001 €566 977001 £€8'66 [e10L
00 000 L0°0 000 000 00°0 100 000 00°0 00 00°0 OIN
00°0 000 000 00°0 000 000 000 00°0 000 000 000 fOHD
000 LT0 £€0°0 00 000 00 £0°0 000 €00 L0°0 €00 ‘0t
661 78’1 69°¢ (4N 019 L6°0 LS°C 81°C 6¥0 o o o
88°L 86°L 6L 8G°L STL L s1'8 8L'L 66°S 90°S (48 0N
So'¥ 9TY 1ee ¥9°S 901 ¥9'9 0S¢ 6eV 15°6 STTI ST'T1 0D
81°0 0 ST°0 1070 <00 010 €00 100 €00 €00 ¥0°0 03N
200 000 £€0°0 200 00°0 00°0 10°0 10°0 10°0 000 ¥0°0 OUnW
171 el €L°0 ST°0 0 £9°0 95°0 910 S50 6%°0 ¥S0 021
¥S'CT SE'TT 01'1¢T LOPT 10°0¢ S9'%T £0°TT £6'CT 10°LT 99°8¢ 0€'8T OV
80°0 90°0 €00 00°0 o Yo 01°0 ¥1I'o 110 sIo 800 tOLL
6419 8419 €eF9 9609 %99 Te69 6879 LY'T9 64'SS 1T%s 0I'%S w18
I ) n ¢ i n ¢rl ) n ¢n ¢n uonsog
1/sL 1/89 1/59 1/€L 1/ST1 1/011 1/€11 1/101 1/L6 1/%01 1/66 U
Le dvd €4vd ¢ avd aidures
ureadnpyy aremeyy aureN
o1 jo adLy,

(4-8IT) sireseq O8I MO

panunuo)

Open Journal of Geology

229

DOI: 10.4236/0jg.2021.116013


https://doi.org/10.4236/ojg.2021.116013

N. B. Tchuimegnie Ngongang et al.

Anorth

K-labradorite

K-andesine

K-oligoclase

Ca-Na sanidine

Ca-K orthoclase

Ca-sanidine

Andc
A / Sanidine / Orlhoclase\

e / ] 30 50 Or
Anorthoclase Na-sanidine

Albite

Figure 11. Position of feldspars of alkaline basaltic lavas Bafang in An-Ab-Or diagram of
[35]. Symbols as in Figure 5.
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Figure 12. Relations between Al,O,, CaO, K,0, Na,O, and SiO, of zoning plagioclases in alkaline basaltic lavas of Ba-
fang and its environs. Blue (core), Pink (rim).

This depletion causes at the end reverse zoning illustrated by the passage in
some crystal from andesite (Ab,; ;,An;, ,,Or,,) composition in core to labrador

(Ans, syAbs, ,,Or, ,) composition in rim.
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5. Discussion

5.1. Fractional Crystallization

Many petrographical, mineralogical and geochemical features favor the fact that
fractional crystallization is the main process responsable in the variation of
compositions and the lithology diversity of basaltic lavas from area of Bafang. In
the same order, the samples have highly variable compatible element contents.
For example, Cr ranges from 1.6 to 515 ppm and Ni from 1.1 to 261 ppm, and
their content decreases with increasing Mg# [2], indicating that fractionation of
olivine and clinopyroxene are the main factors controlling the compatible ele-
ment abundances. Ni, Cr and Co contents in the most mafic lavas are generally
smaller than the values assumed for primary magmas (Ni: 300 - 400 ppm; Cr:
300 - 500 ppm; Co: 50 - 70 ppm; e.g., [36] [37]), but are still high enough to in-
dicate that for these samples the fractionation was limited.

Factional crytallazation process can be visible petrographically for the basaltic
lavas from Bafang. This evolution by fractional crystallization [38] of studied
rocks is corroborated by: the oxide inclusions observed in olivine, clinopyroxene
and plagioclase (Figure 4); parallelism observed in the REE patterns [2], the
variations in chemical compositions of phenocrysts fom core to rim (Figure 6,
Figure 7, Figure 9, Figure 11; Tables 2-5) and the correlations observed in the
Harker diagrammes [2] are also consistent with the fractional crystallization.
The Mg# values vary from 86 to 65 in the HMg-B and from 53 to 38 in the
LMg-B [2]. These values indicate that olivine in the HMg-B are more magnesian
(Fog,.5 with Fo = [Mg/(Mg + Fe*). In contrary in the LMg-B, they are more
ferrouferous (Fos; ;). The variations observed with Mg# from HMg-B to HMg-B
also suggest fractional crystallization. In other hand, clinopyroxene crystals in
studied lavas display the decreasing of Ti + Al" from basanites to mugearites
suggesting that fractional crystallization occur at variable pressures ([39] [40]).
Their Mg# range from 63.35 to 89.52 and their TiO, and Al,O, contents vary
between 0.31 wt% and 5.39 wt% and 0.97 wt% and 9.57 wt%, respectively. Ti, Al
and both elements increase with iron enrichment (Table 3). Their increasing Ti
with decreasing Mg# reflects the normal fractionation trend (e.g. [41]). The
Cr,O; contents can reach 0.5 wt% but it sharply decreases with decreasing Mg#
(Table 3). Their Ti/Al ratios (0.08 - 0.51) are higher, while the Al"/Al" ratios
(0.00 - 0.53) are lower. These ratios imply that they could have crystallized under
various-pressure conditions (e.g. [42] [43]). Based on their slightly increasing
Ti/Al ratios during crystallization, they could have precipitated under conti-
nuously decreasing pressure. They could have been characterized by a signifi-
cantly higher crystallization rate compared with the olivine phenocrysts (as sug-
gested by Figure 9).

The ages obtained on the alkaline basaltic lavas of Bafang (10.46 - 6.27 Ma, [2]
suggest that the geochemical diversity observed is explained by two distinctives
magmatic series: basanite to basanite and hawaiite to mugearite.

The process of fractional crystallization has been modeling by using mass
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balance of sums square of major elements ([2] according to [44], after the calcu-

lation sheet of petro-mode. The model series have been calculated according to

the process described by [45]. The trend showing the evolution of studied

HMg-B were tested as well as the trend of LMg-B. The results are reported in

Tables 6-8. The first stage of crystallisation is that of basanite among them (BAF

22 a BAF 44), after a removal of 52.61% clinopyroxene + 20.55% plagioclase

Table 6. Least-square mass balance calculations (major elements) for derivation by factional crystallization of basanite from the
basanite parent (BAF 22) to the basanite daughter (BAF 44). 31> = sum of residual squares.

Stage 1 Parent BAF 22 Daughter BAF 44 Plagioclase Clinopyroxene Olivine  Magnetite  Calc. Parent  Residuals
Sio, 43.03 4391 50.82 38.06 38.06 0.10 42.99 -0.04
TiO, 3.38 3.28 0.14 0.09 0.09 25.14 3.28 -0.10
ALO, 13.19 13.31 31.11 6.88 0.05 2.57 12.97 -0.22
Fe,0, 1.84 1.81 1.90 1.72 -0.12
FeO 12.20 12.09 0.64 5.26 24.64 65.30 12.38 0.18
MnO 0.24 0.20 0.02 0.00 0.44 0.72 0.20 -0.04
MgO 10.61 10.19 0.03 12.25 37.32 3.69 10.43 -0.18
CaO 11.17 10.65 14.02 2291 0.47 0.19 11.15 -0.02
Na,O 2.23 2.73 3.47 0.52 0.00 0.02 2.53 0.30
K,0 1.49 1.29 0.28 0.00 0.01 0.02 1.15 -0.34
P,0, 0.76 0.71 0.08 0.00 0.05 0.00 0.63 -0.13
Total 100.14 100.17 100.60 87.87 101.13 97.75 99.42

¥rr=0.37

Table 7. Least-square mass balance calculations (major elements) for derivation by factional crystallization of hawaiite to
mugearite from the hawaiite parent (BAF 2) to the mugearite daughter (BAF 3). 3r* = sum of residual squares.

Stage 2 Parent BAF2  Fils BAF 3 Plagioclase  Clinopyroxene Olivine Magnetite Calc. Parent  Residuals
Sio, 49.58 50.36 55.79 50.20 34.33 0.06 49.21 -0.37
TiO, 2.51 2.15 0.11 1.83 0.29 26.17 2.37 -0.14
ALO, 16.84 16.65 27.01 2.28 0.03 1.81 16.57 -0.27
Fe,0, 1.75 1.80 1.56 -0.19
FeO 11.69 12.03 0.55 10.88 41.74 67.06 11.90 0.21
MnO 0.23 0.24 0.01 0.34 1.00 0.71 0.23 0.00
MgO 3.67 3.34 0.03 12.42 22.33 2.20 3.27 -0.40
CaO 5.99 5.44 9.51 21.72 0.45 0.00 6.02 0.03
Na,O 4.82 4.73 5.99 0.64 0.03 0.00 4.57 -0.25
K,0 2.08 2.19 0.49 0.02 0.00 0.01 1.93 -0.15
P,05 1.02 1.24 0.03 0.01 0.16 0.00 1.08 0.06
Total 100.18 100.17 99.52 100.34 100.36 98.02 98.69

¥’ =0.56
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Table 8. Least-square mass balance calculations (major elements) for derivation by factional crystallization of hawaiite to
mugearite from the hawaiite parent (BAF 2) to the mugearite daughter (BAF 41). ¥r* = sum of residual squares.

Stage 3 Parent BAF 2 Fils BAF 41  Plagioclase Clinopyroxene Olivine Magnetite Calc. Parent  Residuals
Sio, 49.58 50.51 55.79 50.20 34.33 0.06 49.95 0.37
TiO, 2.51 2.20 0.11 1.83 0.29 26.17 2.48 -0.03
ALO;, 16.84 16.78 27.01 2.28 0.03 1.81 16.85 0.01
Fe,0, 1.75 1.77 1.60 -0.15
FeO 11.69 11.80 0.55 10.88 41.74 67.06 12.06 0.37
MnO 0.23 0.22 0.01 0.34 1.00 0.71 0.22 -0.01
MgO 3.67 3.53 0.03 12.42 22.33 2.20 3.47 -0.20
CaO 5.99 5.54 9.51 21.72 0.45 0.00 6.00 0.01
Na,O 4.82 4.50 5.99 0.64 0.03 0.00 4.44 -0.38
K,O0 2.08 2.12 0.49 0.02 0.00 0.01 1.94 -0.14
P,0; 1.02 1.20 0.03 0.01 0.16 0.00 1.09 0.07
Total 100.18 100.17 99.52 100.34 100.36 98.02 100.10

3’ =0.51

+ 14.31% olivine + 12.54% de magnetite, thus the average of mineral fractiona-
tion of 11.5%. The second stage is that of crystallization from hawaiite to mu-
gearite (BAF 2 to BAF 3 and BAF 2 to BAF 41) after the removal of (20.30% -
22.43%) clinopyroxene + (61.85% - 63.35%) plagioclase + (14.14% - 17.85%)

magnetite, thus the average of mineral fractionation of 13.5% and 9.7%.

5.2. Magma Storage and Recharge

Before erupting at the surface, magma is often (although not always) stored in
subsurface reservoirs, where chemical differntiation produces a variety of com-
positional products. The differences in bulk composition among analyzed basal-
tic lavas from Bafang and its environ [2], could be due to the short residence in
the magma chambers. In fact, basaltic lavas display a large among of lava types
from more basaltic (basanite) to less basaltic (mugearite). The distinction among
these lavas could indicate different magma chambers from where they derived.
Similarities can also be seen in mineral chemistry (Table 2, Table 3 and Table 5;
Figure 6, Figure 7, Figure 9 and Figure 12) and optical appearance in thin sec-
tions with olivines, clinopyroxenes and plagioclases (Figure 4(A') and Figure
4(C")) showing zonations. Taking into account these features mentioned above
and combining them with temperature and pressure results from studied basaltic
lavas, it is here seem plausible to suggest that there are magma storage which fa-
vor fractional crystallization.

During these periods of storage, interaction between injected primary melts
and the shallow level reservoirs, could be suggested to cause chemical differen-
tiation observed in olivine, clinopyroxene and plagioclase phenocrysts (Table 2,

Table 3 and Table 5; Figure 6, Figure 7, Figure 9 and Figure 12) and probably
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their textural feature such as zonation (Figure 4(A') and Figure 4(C')). Zoned
phenocrystals preserve fingerprints of magmatic processes over their life time
([46] [47]). Perturbations in composition, temperature and pressure can cause
crystal zonation [48]. The textural feature and chemical composition of zoned
crystals in the basaltic lavas from Bafang and its environs can be used to discri-
minate between different magmatic processes responsible for the zonation.
Zoned crystals were subdivided into two categories: (i) concentric reverse-zoned
(with Mg and Ni-rich cores and Fe, Mn and Ca-rich rims in olivines and clino-
pyroxene; as well as Al and Ca in plagioclase; Table 2, Table 3 and Table 5); (ii)
concentric normal zoned (Fe, Mn and Ca-rich cores and Mg and Ni-rich rims;
Table 2 and Table 3). There is a relation between the style of zoning and the
nature of the magmatic perturbation involving different magmas [48]. Normal
zoning observed in studied lavas may be a consequence of rapid crystallization
whereas reverse zoning can be produced as crystals resident in the chamber are

subjected to heating by the intruding magma induced by recharge process [48].

6. Conclusion

Alkaline basaltic lavas of Bafang with Ne-Ol-Di-Hy normative are derived from
low degree of partial melting of garnet peridotite and pyroxenite of lithospheric
mantle. These rocks are mesocrate, melanocrate and holomelanocrate exhibiting
phorphyritic, aphyritic and fluidal textures. They are made of olivine, pyroxene,
oxides and feldspar. Olivines are magnesian and ferrouferous and are represented
by chrysolite, hyalosierite and hortonolite. Pyroxenes are Ca-Mg-Fe clinopyrox-
enes represented by diopside and augite. Oxides are magnetite represented by
ulvospinel in the titanomagnetite serie. Feldspars are plagioclase and anorthoc-
lase. Plagioclases are calcic and sodic represented by labrador, andesine and oli-
goclase. The differentiation from basalts and basanites to mugearites is ac-
counted by the removal of olivine, Clinopyroxene and oxides. The chemical var-
iation from core to rim or rim to core of phenocrysts analyzed from the studied
lavas in this work may indicate a less evolved primary magma and that of shal-

lower chamber after the recharge.
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