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ABSTRACT

Giant mafic doleritic dyke swarms crosscut the Mbaoussi granitoid basement to the North of
Ngaoundéré, in Adamawa plateau (Cameroon, Central Africa). The dyke swarm orientation might
correspond to reworked Late Pan-African fault zones. Mbaoussi doleritic dykes display intergranular
to ophitic and sub-ophitic textures and are mainly composed of clinopyroxene, plagioclase feldspar
and Fe-Ti oxides. ICP-MS and ICP-AES geochemical data show both slight alkaline affinities
according to total alkalis-silica contents and continental tholeiitic signature evidenced by Nb-, Ta-
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and Ti-depletions. Primary magmas suffered fractional crystallization coupled with assimilation of
continental materials, to produce a sub-alkali basalt to trachybasalt to basaltic trachyandesite lava
series. Low values (3-7) of (Ce/Yb)y suggest fairly high partial melting degree of the source. This
source was probably the sub-continental lithospheric mantle, whose composition was close to fertile
mantle component, yet Nb-Ta depleted after a former subduction.

Keywords: Dyke; dolerite; continental tholeiite; Mbaoussi; Adamawa plateau; Cameroon; Central

Africa.
1. INTRODUCTION

The Adamawa continental crust, in North-East
Cameroon, is part of the Central Pan-African
Fold Belt (CPFB) (Fig. 1) It is dissected by
numerous Pan-African NO0O° N30°E, N50°E,
N70°E, N90°E and N160°E strike slip-faults [1],
probably down to the mantle [2]. Geophysical
studies on the Adamawa horst [3,4,5,6,7,8,9]
have shown up to 1 km-high Tertiary uplift
relative to its vicinity [9,10], due to upward
migration of the lithosphere-asthenosphere
boundary [11]. Mesozoic and Cenozoic
rejuvenation of Pan-African Adamawa faults [1]
fostered probably Mio-Pliocene volcanism [12,13]
of the Adamawa plateau. Doleritic dyke swarms
located near Biden, 5 km South-East of
Ngaoundéré [14], Likok, 70 km South-East of
Ngaoundéré [15], and Mbaoussi, 40 km North-
East of Ngaoundéré (this study) are linked to one
or multiple tectonic manifestations which have
affected the Central African continental crust.
These tectonic events can be associated to (i)
reactivation of the Pan-African crust [16]: The
dyke swarm orientation might result from
reworked Late Pan-African fault network affecting
the granitoid basement of Adamawa plateau [1],
during multiple episodes in Ordovician (c. 450
Ma) and Jurassic times, (ii) Late Jurassic-Early
Cretaceous opening of the South Atlantic Ocean
[17], (iii) development of North Cameroon Djerem
and Mbere Cretaceous basins [18] and/or (iv)
development of West and Central African Rift
Systems [5].

In this paper, we present a newly discovered
doleritic dyke swarm near Mbaoussi, in
Adamawa plateau (Fig. 1). From field-works and
chemical analyses, and by comparison with
nearby fairly similar dykes, hypotheses on their
petrogenesis are offered.

2. GEOLOGICAL SETTING

Adamawa plateau is part of the Adamawa-Yadé
Domain (AYD), a Paleoproterozoic basement

dismembered during Pan-African orogeny. It is
bounded by two other Paleoproterozoic
basements, the West Cameroon Domain (WCD)
to the north-west, and the Yaoundé Domain (YD)
to the south-east (Fig. 1B, [19]). Adamawa-Yadé
Domain is a terrane within the Central Pan-
African Fold Belt (CPFB) which had a long and
complex crustal evolution with strong imprint of
Neoproterozoic events [19].

Ngaoundéré Pan-African granitoids [20] are
made up of 615 to 575 + 27 Ma granites
crosscutting a ca. 2.1 Ga remobilized basement
composed of meta-sedimentary and meta-
igneous rocks that had underwent medium- to
high-grade  Pan-African metamorphism. All
granitoids are enriched in Large lon Lithophile
Elements (LILE) relative to High Field Strength
Elements (HFSE) and display negative Nb-Ta
and Ti anomalies. They evidence a high-K calc-
alkaline suite with I-type signature, as defined by
[21]. They may derive from differentiation of
mafic magma issued from enriched
subcontinental lithospheric mantle with possible
crustal assimilation.

The thickness of lithosphere beneath Adamawa
plateau is reduced to 80 km, whereas continental
crust is 20 km-thick above an anomalous low-
density asthenosphere, as deduced from gravity
(negative Bouguer anomalies, [7]) and seismic
data [22]. The basement is intensely dissected
by Pan-African faults: according to [1], some
faults (N70°E) were reworked during Albian-
Aptian times. Previous studies on dyke swarms
in Adamawa plateau suggest identified doleritic
dykes of continental tholeiite composition [14]
associated with post-Pan-African extensional
magmatism [15]. The chemical features of these
rocks have been interpreted as fingerprints of a
sub-continental lithospheric source mantle
sharing E-MORB components which may
have been contaminated during a former
subduction event. The present study concerns
large dolerite dyke swarm discovered near
Mbaoussi.
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3. MATERIALS AND METHODS

Petrographic observations were carried out on 20
thin sections prepared from representative
samples of the dyke swarms at Geosciences
(GEOPS) Laboratory, University Paris-Sud
Orsay, France. Major and trace element
analyses were determined for 10 representative
samples by ICP-AES and ICP-MS at the Acme
Laboratory, Vancouver, Canada. Prepared
samples are mixed with LiBO,/Li,B,0O; flux. The
samples were dissolved in a Teflon pressure

bomb, using a 1:1 mixture of HF and HCIO, at
180°C, and then taken up in an HNOj; solution
with an In-Re international standard. After
dissolution in HF-HCIO,, the samples were taken
up in a mixture of HNO3, HCI and HF and diluted.
These solutions were measured within 24
hours after dilution to prevent absorption of
HFSE.

Loss on ignition (LOI) was determined by igniting
a sample split at 1000°C and then measuring the
weight loss.
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Fig. 1. (A) Geological map from [19] showing the location of Fig.1B. 1: Post-Pan-African cover;
2: Pan-African belt; 3: Pre-Mesozoic platform series; 4: Archean to Paleoproterozoic cratons; 5:
Craton limits; 6: Faults; 7: State boundaries. CAR: Central African Republic; CM: Cameroon.
(B) Enlarged map of the Pan-African belt north of the Congo craton; 1: Cenozoic volcanic
rocks of the Cameroon line; 2: Mesozoic sediments; 3: Yaoundé Domain (YD); 4: Western
Cameroon Domain (WCD); 5: Adamawa-Yadé Domain (AYD); 6: Congo craton (CC); 7: Thrusts;
8: Strike slip faults: TBSZ: Tcholliré-Banyo shear zone; CCSZ: Central Cameroon shear zone;
SSZ: Sanaga shear zone; SCSZ: Southwest Cameroon shear zone. (C) Mbaoussi geological
map showing dykes in the granitoid basement overlain by Miocene basaltic lavas. Main
fracturations and streams are indicated
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4. RESULTS
4.1 Dyke Swarm

The Mbaoussi dyke swarm crosscut the Pan-
African granitic basement, throughout a 8 x 6 km
area (Figs. 1, 2). 43 dykes have been identified,
10 of them have been analyzed. Individual dykes
range in scale from 3 to 34 m in width. Their
major trend is orientated N100°-130° and the
N70°-80° trend is minor (Fig. 3), both being
parallel to Pan-African regional lineaments [1]
[18]. As observed in hand specimen, crystal
sizes increase from margin to core.

4.2 Petrography

In hand specimen, samples are light to dark grey
and coated with 2 mm to 2 cm-thick light brown
patina. All samples exhibit a coarse grained
texture with crystals of whitish feldspar (from 0.4
x 1.0 cm to 1.6 x 3.2 cm and 10 to 20 volume %),
black crystals of pyroxene or oxides (0.2 to 0.4
mm, 5 volume %), rectangular or square shaped
golden crystals (pyrite group? 3 volume %) in the
matrix. Hydrothermal alteration is shown by
green epidote crystals, while clay mineral and
pockets of carbonate evidence weathering.
Centimetre-large xenoliths of basement granite
occur in some dykes.

(A)

(B)

Fig. 2. View (A) and measurement of width (B) of a dyke outcrop. Dyke margins are highlighted
with dashed lines

N

Total data =12
Frenquency of 42 % of measured data

Fig. 3. Rose diagram representing main orientations of Mbaoussi dykes (total data = 12, 5 of
them (42 %) follow the N100°-110° direction)
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Under microscope, dolerites of Mbaoussi exhibit
classic ophitic, sub-ophitic or doleritic textures
(Fig. 4A, 4B and 4C, respectively). They are
composed of elongate plagioclase crystals
partially enclosed in clinopyroxene crystals.
Plagioclase sometimes displays speckled and
resorption cores that could present sieve-
textures (Fig. 4A). Clinopyroxene phenocrysts
are subhedral and brown or pinkish in colour,
indicating that they are Ti-rich. Some
clinopyroxene phenocrysts show skeleton
features and sometimes intergrowths with
plagioclase crystals as intersertal dolerite
textures. They are frequently associated with
anhedral oxide phenocrysts and can be
converted into green patches by alteration. Two
populations of Fe-Ti oxides were observed: (1)
subhedral primary phenocrysts, commonly
enclosed in clinopyroxene and plagioclase,
correspond to the earliest crystallized mineral
phase, (ii) skeletal oxide crystals result from
pyroxene alteration.

4.3 Geochemistry

Major and trace element compositions of
Mbaoussi dolerite dyke selected samples are
listed in Table 1. Because there are distinct
variation ranges in some elements (Si, Mg, Ti, K,
and some others) samples are classified into two
groups, based on Mg number (atomic Mg# =
100*(Mg0/40.32)/(Mg0/40.32+Fe0Ot/71,85)),
following [23] definition. Mafic or primitive (SiO,
contents between 44.9 and 47.5 wt%) group |
dolerites have Mg# = 44 (up to 58). More felsic
(SiO, contents between 49.7 and 53.0 wt%)
group Il dolerites have Mg# < 44. The two groups
are well discriminated in the IUGS (Na,O+K,0)
vs. SiO, diagram [24] (Fig. 5). Group | dolerites
are basalts and trachybasalts, whereas group I
dolerites are trachybasalts and basaltic
trachyandesites. In both groups, LOI range is
about 3 wt%.

Both groups show slightly alkaline affinities
according to alkali / silica contents, using [25]
boundary (Fig. 5). In the TiO, vs. Y/Nb diagram
of [26], constant Y/Nb ratios of nearly 2
evidenced a continental tholeiitic signature (Fig.
6). Nb-, Ta- and Ti-depletions characterize the
two groups of dolerites.

CIPW normative calculations distinguish two low
nepheline normative compositions (in group 1),
three quartz normative compositions (in group ),
and five (within both groups | and Il) hypersthene
and olivine normative (silica saturated)

compositions (Table 1). With increasing SiO,
contents, CIPW normative compositions shift
progressively from silica undersaturated to
saturated to oversaturated.

Fig. 4. Elongate plagioclase and anhedral
oxide crystals with pyroxene phenocrysts in
ophitic (A) and sub-ophitic or intersertal (B
and C) doleritic texture. Magnification x 2.
XPL. Cpx = clinopyroxene, Hbl = hornblende,
Ox = Fe-Ti oxide, Pl = plagioclase
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Table 1. Major and trace element analyses and CIPW normative compositions of Mbaoussi
dolerite dyke swarm. Cr has been analyzed as Cr,0; (presented with 3 significant digits),
except for MB3C in which Cr contents have been calculated in ppm. Total iron as FeO. LOI
presented with one significant digit

Dyke Group | Group Il

Sample D10 D14 D11 MB3C D2 D12 D13 D16 D1 D15
SiO, wt% 44.90 4582 46.31 47.16 47.51 49.68 50.07 51.39 51.98 53.01
TiO, 2.22 2.91 1.82 1.51 1.73 2.21 211 243 248 2.28
Cr,03 0.009 0.006 0.019 0.020 0.004 0.006 0.004 0.004 0.004
AlLO3 16.13 1544 16.61 16.58 16.58 15.65 15.16 14.64 14.24 14.72
FeOt 12.79 1295 1090 1047 1165 11.38 12.62 12.78 12.78 11.70
MnO 0.18 0.19 0.16 0.17 0417 0.17 0.19 0.18 0.18 0.17
MgO 6.37 5.72 7.41 8.16 652 495 458 372 353 3.29
Ca0 8.05 7.54 9.33 9.06 886 6.39 6.62 547 588 574
Na,O 3.06 3.17 285 299 265 3.64 264 275 290 283
K,O 1.90 2.30 0.97 096 064 222 283 3.02 232 29
P,0s5 0.47 0.53 0.32 0.24 0.38 0.45 045 052 055 0.50
LOI 3.6 3.0 3.0 354 3.0 2.9 24 27 2.8 2.5
Sum 99.68 99.58 99.70 100.86 99.71 99.64 99.68 99.60 99.64 99.68
Quartz 0.00 0.00 0.00 0.00 0.00 0.00 0.00 290 515 522
Corundum  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Orthoclase  11.23 13.59 5.73 5.69 3.78 13.12 16.72 17.85 13.71 17.37
Albite 19.96 2257 2412 2533 2242 30.80 22.34 23.27 2454 23.95
Anorthite 24.66 2111 29.66 2896 3145 19.81 21.16 18.68 18.99 18.78
Leucite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nepheline 3.22 2.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Diopside 10.06 10.59 1186 11.75 8.23 7.41 729 424 554 540
Wollastonite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypersthene 0.00 0.00 0.82 0.18 18.47 7.98 20.43 20.81 19.60 17.92
Olivine 18.31 16.28 1745 1925 5.13 9.42 0.99 0.00 0.00 0.00
Magnetite 2.21 2.23 1.88 1.81 2.01 1.96 218 220 220 2.02
lImenite 4.22 5.53 346 287 329 420 401 462 471 433
Haematite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Apatite 1.09 1.23 0.74 0.56 0.88 1.04 1.04 120 127 1.16
Mg# 47.02 4404 5478 58.14 4993 43.67 39.27 34.15 3299 33.38
Be (ppm) 2 <1 3 0.861 <1 2 <1 2 4 2

Rb 73.8 67.1 20.1 40.16 21.1 75.7 83.1 138.0 8.2 913
Sr 652.1 691.8 506.1 531.3 506.1 594.8 521.3 765.4 614.1 518.8
Cs 04 0.7 1.1 0.698 1.2 0.3 02 04 0.3 0.5
Ba 544 787 238 367.5 370 570 716 1049 946 907
\% 200 233 204 180 179 167 144 199 201 186
Cr 62 41 130 1946 137 27 41 27 27 27
Co 39.1 384 388 4445 404 34.2 31.0 299 292 28.1
Ni 50 35 65 76.1 99 35 21 20 24 24
Cu 31.2 25.7 38.6 37.93 477 236 212 200 251 156
Y 30.5 38.5 26.5 2272 293 36.5 375 492 490 464
Zr 235.9 301.1 1947 1294 218.9 3454 300.0 3529 367.9 3482
Nb 14.5 19.8 11.6 8779 114  20.2 16.8 20.1 209 197
Hf 54 6.5 4.2 314 54 7.4 6.7 8.1 8.4 8.2
Ta 0.8 1.2 0.8 0.652 0.8 1.1 1.2 1.2 1.1 1.3
Th 1.4 2.0 1.6 095 23 6.8 44 40 5.0 5.4
u 04 0.4 0.3 0.223 0.3 0.9 0.8 06 0.8 0.8
La 245 31.7 17.5 11.57 26.1 43.0 37.3 451 486 46.8
Ce 60.9 75.5 429 2784 557 94.0 82.8 102.7 108.8 103.2
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Dyke Group | Group Il

Pr 7.32 9.23 540 3.752 7.27 11.11 9.79 1165 1272 12.04
Nd 30.3 40.8 231 16.53 314 43.0 40.8 51.3 525 496
Sm 6.89 8.04 522 4059 6.13 9.29 845 9586 11.12 10.05
Eu 2.14 2.59 1.66 1497 1.84 219 233 291 284 290
Gd 6.75 8.41 557 4008 6.15 8.24 8.67 10.72 11.09 9.84
Tb 1.05 1.26 0.86 0.65 1.00 1.26 1.30 159 165 157
Dy 5.81 7.05 510 4139 544 6.77 714 882 925 854
Ho 1.18 1.43 0.98 0.881 1.13 1.37 149 189 190 1.81
Er 3.35 3.83 278 2318 315 4.01 402 5.07 532 519
Tm 0.45 0.54 0.41 0.333 047 054 0.63 0.75 0.77 0.72
Yb 2.78 3.36 264 2239 3.01 3.73 3.75 491 502 441
Lu 0.42 0.49 040 034 045 054 0.58 0.67 0.70 0.73
Ga 16.7 17.7 15.7 17.29 16.8 18.4 172 206 194 20.7
Sn 1 2 2 1.606 2 2 2 3 3 3

Sc 24 26 29 30.87 26 20 24 25 25 23

W <0.5 <0.5 <05 <LD. <05 <05 <05 <05 05 0.5
Pb 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0 0.0 0.0

In both groups, transitional element compositions
display very low contents (e.g. 20-99 ppm Ni, 27-
195 ppm Cr, 28-45 ppm Co and 25-48 ppm Cu,
correlated with 33-58 Mg#, Table 1). They differ
from values corresponding to primitive magmas,
with Ni = 250-350 ppm, Cr = 500-600 ppm and
Mg# > 67 [27]. The lowest contents in transition
elements are found in evolved dolerites of
group Il

Alkali and alkaline earth elements (Rb, Ba, Sr)
contents are fluctuating from group | to group Il.
Sr contents are high (500-765 ppm) in Mbaoussi
dolerites, compared to Obudu (408 ppm, [28]),
Bangangté, Dschang and Manjo (359-413 ppm,
[29]) dolerites. Sr contents of Biden continental
tholeiites are fairly high (730-793 ppm, [14]). Ba
contents are higher in group Il (up to 1049 ppm)
than in group |, but lower than Biden continental
tholeiites (1700-1800 ppm). Rb contents are
lower in group | (20-74 ppm) and Obudu (18 ppm)
dolerites and higher in group Il (75-138 ppm), like
Biden tholeiites (156-199 ppm). Rb/Ba and Rb/Sr
ratios are low and are respectively 0.08-0.14 and
0.04-0.11 in group I, and 0.9-0.13 and 0.13-0.18
in group Il Mbaoussi dolerites.

Incompatible high-field strength trace elements
(HFSE) such as Zr, Nb, Ta, Th, Hf and LREE
yield increasing contents from group | to group |l
(Table 1). Zr/Nb (15-19), Nb/Ta (13-19) and Zr/Hf
(41-47) ratios are fairly constant. Zr/Nb ratios are
close to CHUR (19.57, [30]) and are lower than
those of DM and MORB values that range
between 26 [30] and 60 [31]. Comparative data
of Table 2 show that Zr/Nb ratios yield lower
values and wide variations from 8 to 12 in

Bangangté, Dschang and Manjo dolerites and
quite constant ratio of 14 in Biden dolerites. Nb/U
and Ce/Pb ratios are high in group | (36-50 and
17-20, respectively). Sample MB3C of group |
differs with a rather low Ce/Pb ratio of 8.6,
compared to values of 17-20 in group | and 10-
24 in group Il. Y contents vary from 23 to 39 ppm
in group | and from 36 to 49 ppm in group II.
Mbaoussi dolerite compositions fall within both
fields of alkali basalts (Al and All) and tholeiitic
basalts (Al, All and C) in the Zr-Nb-Y diagram
(Fig. 9) after [32]. Th/Ta ratios are bracketed
between 1.5 and 2.9 in group | and between 3.3
and 6.2 in group Il. In Th/Yb vs. Ta/Yb diagram
(Fig. 10, after [33]), Mbaoussi dolerites plot within
the ocean island arcs field above the enriched
mantle.

Primitive mantle-normalized multi-element
diagram (values from [34]) shows fractionated
patterns with group Il above group | (Fig. 11A).
Patterns are similar to those of continental
tholeiites worldwide. Mbaoussi patterns resemble
other dolerites in Cameroon, but differ from alkali
basalt (Fig. 11). Group Il dolerites are
characterized by Rb, K, Ba, Pb and Zr positive
anomalies and Nb, Ta, P and Ti negative
anomalies.

REE contents (Fig. 11B) show fractionated LREE
to HREE patterns, with slightly negative Eu
anomaly. Group | (Ce/Yb)y ratios range from 3.2
to 5.7, and vary from 5.7 to 6.8 in group Il
(Gd/Yb)y and (La/Sm)y ratios vary respectively
between 1.5 and 2.0 and 1.8 and 2.9 in both
dolerite groups.
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Fig. 5. Total alkalis (Na,0+K;0) vs. SiO, (wt % volatile-free recalculated compositions, after [24]
diagram of representative dolerite dyke of Mbaoussi. Dolerites of Biden [14], Obudu [28],
Bangangté, Dschang and Manjo [29] and Mio-Pliocene alkali basalts of Ngaoundéré area [12]
are added for comparison. Dashed curve separates alkaline from subalkaline fields, according
to [25]
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Fig. 6. Mbaoussi dolerite compositions plot in the continental tholeiitic field in TiO, vs. Y/Nb
discrimination diagram (after [26]). Same symbols as Fig. 5
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Fig. 7. Mbaoussi dolerites plot in the tholeiitic field in the FeOt vs. FeOt/MgO diagram (after
[50]). Same symbols as Fig. 5.
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Fig. 8. Alkalis-ZFeO-MgO diagram with tholeiite and calc-alkaline fields and the dividing line
proposed by [51]. Same symbols as Fig. 5

In the Th/Ta vs. La/Yb diagram (after [35]),
Mbaoussi dolerites define an array of increasing
ratios from FOZO mantle component toward
Upper Crust (UC) end-member, with two
samples near the Lower Continental Crust (LC)
end-member (Fig. 12). La/Ba vs. La/Nb diagram
(after [36]) diagram depicts a cluster within the

lithospheric quadrangle (Fig. 13). Gd/Yb ratios
(1.7-2.5) are higher than in Bangangté, Dschang
and Manjo dykes, whereas Biden continental
tholeiites display even higher values (6.7-7.3).
Such high values indicate a continental tholeiite
feature.
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Table 2. Comparison of trace-element ratios of Mbaoussi dolerites with other doleritic dykes of Cameroon and mantle sources (see references in

the text)
Element ratios La/Ta La/Nb La/Ba Zr/Nb La/Yb Th/Ta Nb/Th Th/U Nb/U (Th/La)y
Mbaoussi:
Group | 17-27 1.3-1.7 0.03-07 14.74-19.20 5-9.4 1.5-2.9 5.0-10.4 3.0-7.7 36-50 0.44-0.71
Group Il 30-45 2.1-2.4 0.4-0.8 17.10-17.89 9-11 3.3-6.2 3.0-5.0 5.0-7.6 21-34 0.68-1.22
Bagangté 32.75 2.05 0.10 12.0 9.27 2.24 7.14 0.52
Dschang 24.33 1.52 0.05 10.5 11.13 2.20 7.28 0.70
Manjo 15.46 0.94 0.13 8.4 8.50 1.35 11.85 0.67
Biden 52-55 3.4-3.6 0.05 14.0 66-71 7-8 1.99 1.0-1.14
Obudu 0.8
Continental tholeiite 5.19 3.08 3.42
NMORB 0.8-2.0 0.5-1.3
Continental crust 9-12
PMORB 2545 19 47+10
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/4 Y

Fig. 9. Zr/4-2Nb-Y diagram (after [32]). Al and All: Alkali basalts from within-plate environments,
Al, All and C: Tholeiitic basalts from within-plate environments, C and D: Volcanic Arc Basalt
(VAB), D: N-type MORB, B: P-type MORB. Data for comparison are indicated. Same symbols

as Fig. 5

active continental
margins
10

10

ThiYk

0.10

0.0 t i i
0.01 010 1.0 10

Taifb

Fig. 10. Th/Yb vs. Ta/Yb diagram (after [33]). Data for comparison and symbols are the same as
in Fig. 5. S: enrichment related to subduction zone; C: crustal contamination; W: intra plate
enrichment; F: fractional crystallization; TH: tholeiitic; CA: calc-alkaline; SHO: shoshonitic
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Fig. 11. A: Primitive mantle-normalized [34] multi-element patterns. Data of middle continental
crust from [59] and alkali basalt from [12]. B: Chondrite-normalized [34] REE patterns.
Bangangté and Manjo data from [29]

5. DISCUSSION

5.1 Dyke Sizes and Implications on
Emplacement Process

The numerous doleritic dykes in Mbaoussi area
are 3-34 m wide. They are wider than the 0.2 to
1.2 m-wide basaltic dykes of Bangangté,
Dschang and Manjo in western Cameroon, 800
km far from Ngaoundéré [29], the 0.5 to 1.5 m
wide doleritic dykes of Biden [14] and the 10 to
15 m-wide doleritic dykes of Likok [15]. These
one to few kilometer-long dykes may be
considered as “giant dykes”, in the sense of [37].

12

Large sizes imply something about emplacement
mechanism. [38] suggested that flows of primitive
magma in continental dykes, with widths greater
than about 3 m, should be turbulent instead of
laminar. Turbulent magma flows feeding
Mbaoussi dyke swarm might have favoured
some amount of crustal contamination, because
flowing magma might have eroded the dyke
walls. Occurrence of basement xenoliths
evidences possible contamination. On the
opposite, laminar flow in the thin dykes of Biden
[14], Bangangté, Dschang and Manjo [29] could
not have favoured contamination. Individual dyke
widths in the swarm indicate that they were
related to crustal extension.
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Fig. 12. Th/Ta vs. La/Yb diagram (after [35]. DM: depleted mantle; PM: primitive mantle; PSCL:
post-Archean subcontinental lithosphere; LC: lower continental crust: UC, upper continental
crust; HIMU: high U/Pb mantle source; EM1 and EM2: enriched mantle sources; FOZO: mantle
component (area on the graph beneath and around the word FOZO). Same symbols as Fig. 5
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Fig. 13. La/Ba vs. La/Nb diagram (after [36]). Ngaoundéré alkali basalt from [12] and dolerites of
Bangante, Dschang and Manjo from [29]. Same symbols as Fig. 5

Field observations show post Pan-African and basement along N100-120°, and rarely ENE-
likely Mesozoic emplacement. Dykes cross-cut WSW directions. Fractures have been induced
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by Pan-African NW-SE shortening episode,
which affected the northern edge of Adamawa
plateau [18,39]. Dyke intrusion postdates this
tectonic episode and was rather coeval with
crustal thinning during or after the main phase of
Adamawa horst uplift, as proposed by [7].
Mbaoussi

5.2 Petrogenesis of

Swarm

Dyke

According to total alkalis-silica contents (Fig. 5),

Mbaoussi dolerites yield slightly alkaline affinities.

CIPW normative variations from silica slightly
undersaturated to oversaturated compositions
cannot be explained by fractional crystallization
of clinopyroxene and plagioclase alone. K, Rb,
Ba and Th contents and, to a lesser degree,
LREE contents increase from group | to group Il
dolerites. These values are notably higher than
those measured in typical MORB [40]. Group |
and group |l dolerites are supposed to be co-
genetic as shown by relatively constant Zr/Hf
(41-47) and Nb/Ta (13-18) ratios and parallel
patterns (Fig. 11A and 11B). Thus, both groups
define a differentiation series by fractional
crystallization.

Fractional crystallization process was probably
coupled with slight crustal contamination as
indicated by Th/Yb enrichment from group | to
group Il that might be due to turbulent
emplacement (Fig. 10). This has been observed
in other continental tholeiites worldwide
[41,42,43,44,45,46,47,48]. Low contents of
transition elements refer to evolved parental
magmas.

Mbaoussi dolerites resemble other dolerites
described as continental tholeiites in Cameroon,
e.g. at Bangangté [29], Biden [14], and in
Nigeria, e.g. at Obudu, in the lower Benue valley
[28].
- SiO, contents (44.9-53.0 wt%) of Mbaoussi
dolerites are in the same range as Obudu
and Bangangté continental tholeiites. But
they clearly differ from Biden continental
tholeiites [14] that have rather high SiO,
contents (= 59 wt%).
TiO, contents (1.5-2.9 wt%) of Mbaoussi
dolerites are in the same range as
continental tholeiites worldwide [49]. They
strongly differ from Ngaoundéré Miocene
typical alkaline lava (3-4.6 wt%, [12]).
Fe, O3, MnO, MgO and CaO contents of
Mbaoussi dolerites are within the range
of nearby dolerites except Biden
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trachyandesite dolerites characterized by
low contents of these elements, and high
alkali (Na,O+K,0) contents. Mbaoussi
dolerites plot in the tholeiitic field that is
clearly distinct from the calc-alkaline field,
both in FeOt vs. FeOt/MgO diagram (Fig. 7,
after [50]) and Alkalis—XFeO-MgO triangle
(Fig. 8, after [51]).

In primitive Mantle-normalized patterns (Fig. 11A
and 11B), all analyzed samples display
fractionated REE patterns showing an
enrichment of the LREE relative to the MREE
and HREE (Fig. 11B) ((La/Sm)y = 1.8-2.9;
(CelYb)y = 3-7; (Gd/Yb)y = 1.5-2.0) suggesting
garnet in the residue. Lacking Eu anomalies in
group | and slightly negative Eu anomalies in
group |l evidence increasing involvement of
plagioclase in fractional crystallization process.
Multi-element normalized diagrams (Fig. 11A)
illustrate Rb, Ba and K positive anomalies and
Nb, Ta, P and Ti pronounced negative
anomalies, which may suggest involvement of a
subducted slab component in the mantle source
[52].

5.3 Mantle Source

Source characteristics of Mbaoussi dolerites are
assessed using element-element ratios and trace
element patterns as they are particularly
characteristic of different magma sources [53]
[54] as they are insensitive to magmatic
processes in basaltic system [35]. According to
[44], incompatible trace element enrichment of
continental tholeiite may result from partial
melting of the following mantle sources: (1) sub-
continental lithospheric mantle (SCLM) (2)
depleted asthenosphere and (3) enriched
asthenosphere. In the Th/Ta vs. La/Yb diagram
proposed by [35], Mbaoussi dolerites exhibit a
linear array from FOZO and lower crust (LC)
end-members toward upper crust (UC) (Fig. 12).
Such array may be due to mixing processes
between depleted or primitive mantle end-
member and another end-member with high
Th/Ta and La/Yb ratios [35]. Partial melting of
sub-continental lithosphere and progressive
assimilation of continental crust can produce
such array. A large amount of heat is required,
as noticed by [55] in the case of French Guyana
doleritic dykes. Mbaoussi dykes could equally
come from a FOZO component somewhat
contaminated by Nb-Ta-depleted continental
crust.

(La/Yb)y ratios (values of [34], respectively La =
0.237 and Yb = 0.161 ppm) are commonly used



Nkouandou et al.; JGEESI, 8(1): 1-18, 2016; Article no.JGEESI.28198

to discriminate garnet and spinel-rich mantle
sources: ratios < 5 identify spinel-bearing mantle,
whereas ratios > 5 identify garnet-bearing
mantle. Two mantle sources are evidenced:
samples D11 and MB3C have fairly low REE
contents and (La/Yb)y ratios of 44 and 3.5
respectively. The other samples have higher
REE contents and (La/Yb)y ratios ranging from
5.9 in D2 sample to 7.8 in D12 sample.

Y/NDb ratios, close to 2, seem to typify continental
tholeiite. Nb negative anomaly (Fig. 11) could
evidence amphibole-bearing metasomatized
mantle [56]. However, such a source is not
clearly shown in normalized HREE patterns.
Indeed, northward to northwestward subduction
beneath the Adamawa-Yadé Domain (northern
Cameroon-southeastern Chad) occurred
between 800 and 630 Ma [57,58] during the Pan-
African orogeny and earlier [20]. Mbaoussi
dolerites may have been generated from partial
melting of spinel-garnet Iherzolite mantle
enriched in highly incompatible trace elements,
yet depleted in Nb and Ta by subduction-derived
fluid metasomatism. Magmas en route to the
surface, evolving through fractional
crystallization, would have assimilated a portion
of continental crust, i.e. through AFC
(Assimilation and Fractional Crystallization, Fig.
14) processes. With higher contents of
incompatible and LREE elements, group I
dolerites resulted from group | through
progressive crystallization of its constitutive
mineral phases.

[
o
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4 Na-altered and
fractional /

T crystallization ]
wo - 05

X group |

Ogroupl

O Bangangté,
Dschang and
Manjo

A Biden

® Obudu
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Fig. 14. (Na,O +K,0) wt% vs. K,0/(K,O+Na,0)
diagram (after [60]). Same symbols as Fig. 5

6. CONCLUSION

Recently discovered dolerite dykes at Mbaoussi
in Adamawa plateau are basalt, trachybasalt and

basaltic trachyandesite. They reveal some
features intermediate between alkaline rocks and
continental tholeiites. Original magmas have
undergone turbulent flow during their ascent in
post Pan-African times. Reworking of Pan-
African fault network played an important role.
Mbaoussi dolerites have been generated from
partial melting of spinel-garnet lherzolite mantle
enriched in incompatible trace and LREE
elements and depleted in Nb and Ta by fluid
metasomatism  during earlier  subduction.
Mbaoussi dolerites comprise two cogenetic
groups and constitute a series evolving by
fractional crystallization with some contribution of
the continental crust.
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