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Abstract: Kaersutite megacryst-bearing benmoreites from the Tignere volcanic domain belong to the Adamawa Plateau
(Cameroon). These rocks are characterized by a porphyritic texture and consist of plagioclase, alkali feldspar, amphibole,
clinopyroxene, biotite, Fe-Ti oxides and apatite phenocrysts with amphibole megacrysts. Benmoreites display negative P, Ti
and Rb anomalies with relatively low *’Sr/**Sr ratios (0.7037). Kaersutite megacrysts (mg#: 0.67) and phenocrysts (mg#: 0.66)
are relatively similar in composition and seem to be generated from the same magma and under similar thermobarometric
conditions as evidenced by mineral chemistry. Benmoreites from Tignere are to be regarded as the product of fractional

crystallization processes from basaltic lava.
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1. Introduction

The Tignere volcanic domain belongs to the Adamawa
plateau, central Cameroon (Figure 1) it is a magmatic
complex that has several volcanic domes and necks (e.g:
Hossere Doro, Hossere Kangur, Hossere Libong, Djinga
Tadorgal massif), surrounded by lava flows and granitoids.
The studied benmoreites were sampled on the Djinga
Tadorgal massif, which is located ~100 km at west of
Ngaoundere and ~25 km to the northwest of Tignere.
Benmoreites from Adamawa Plateau were previously
described from the Tchabal Nganha volcano [1] and N and E
of Ngaoundere [2]. Benmoreites from Djinga Tadorgal are
part of the Tignere volcanic domain and are characterized by
the occurrence of amphibole megacrysts. These rocks belong
to an alkaline bimodal series [3], due to the sporadic presence
of intermediate rocks. This “Daly Gap” feature would

suggest that melts with intermediate compositions might
form a transition layer between basaltic and silicic melts in
zoned magma chambers ([4]; [5]). According to [6], the
viscosity of such phenocryst- (and megacryst)-rich magmas
is high, they are immobile and rarely reach the surface during
eruptions. Nonetheless, corresponding rocks, mugearites and
benmoreites, occur sometimes as lava flows. Such rocks are
more common as enclaves in volcanic rocks of various
compositions.

The amphibole megacrysts (~5 cm long) were reported
within the Adamawa plateau basalts at the Tchabal Nganha
volcano [1], and along the Cameroon Line in the gabbros
from Kokoumi [7] and the basalts from Oku [8] (see Figure
1). Kaersutite megacrysts (3—8 cm) were described also in
alkaline basalts of southern flank of Etna, Italy [9], Canary
Islands [10]) and Mont Blanc, South Quebec ([11].
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Figure 1. Location of the studied zone in the Adamawa Plateau.
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Figure 2. Sketch of the geological map of the SE of Tignere volcanic domain (modified after [3]).
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In the Tignere volcanic domain, Djinga Tadorgal massif is
the more huge and high (1747 m.a.s.l) volcano. The studied
benmoreite (with kaersutite megacrysts) occurs on this
massif associated with basalt, trachyte, phonolite and
volcanic breccia (Figure 2). Indeed, the kaersutite megacrysts
(up to 8 cm long) are exceptional in the benmoreite from the
Adamawa Plateau. Thus, the study of kaersutite megacrysts-
bearing benmoreites from Djinga Tadorgal Massif is an
important source of information for the knowledge of their
origin and the conditions of their genesis.

It is known that, benmoreites can occur from the fractional
crystallization of trachybasaltic or alkali basaltic melts with
or without crustal assimilation or by mixing of magmas of
different compositions ([4]; [5]). The objective of this study
is to present petrographic description of kaersutite
megacrysts-bearing benmoreites from the Tignere volcanic
domain, following by the results of the mineral chemistry and
geochemical investigation. These data and modeling allowed
the discussion of the most feasible models for the genesis of
benmoreite melt during various stages of the volcanic
evolution.

2. Geological Setting

The Adamawa Plateau belongs to the Pan-African fold belt
of Central Africa [12]. It is a tectono-magmatic domain,
bounded respectively to the North and South, by the
Adamawa and Djerem-Mbéré (see Figure 1) faults (oriented
N70°E) [13]. The basement of this Plateau consisted of
Paleo-Proterozoic granites and gneiss (2.1 Ga; [14], was
partially destabilized by the Pan-African orogenesis ([15];
[16]) and intruded by several post-Pan-African granitoids and
dolerite [17]. The Cenozoic basaltic, felsic and intermediate
lavas of alkaline to peralkaline composition locally overlap
the basement.

The rock flows, domes and necks were found on Djinga
Tadorgal massif. The majority of eruptions produced on this
asymmetrical stratovolcano are typically strombolian. Vents
are often more or less opened fractures.

The rock flows are essentially basaltic and outcrop around
the massif. Much more widespread, these rock flows are
formed of blocks of all sizes. The basaltic blocks are sparse
angular or rounded (5—50 c¢cm) sometime slightly weathered
and accumulated as small isolated volcanoes (diameter: ~
500 m; height <30 m). Some basaltic fragments are almost
completely weathered and converted into reddish ferralitic
soils.

Successive eruptions of lava produced the overlapping
domes and necks of trachytes, phonolites and benmoreites,
that tower above the surrounding landscape or the rock flows.
These volcanic necks and domes of trachyte and phonolite
are locally covered by blocks and slabs, limited around the
foothill by volcanic breccia. The domes have irregular slopes
(30°=60°) and subcircular or elongated basis. The necks of
needle-shaped lava have circular bases (diameter: =~ 200 m)
and more or less steep slopes (40°—85°). These formations

are strongly prismatic and dismantled into blocks,
disseminated in chaos on the soil. Rubble is abundant on the
flanks and dry beds of streams. The necks (height <20 m) of
intermediate lavas (benmoreite) which are the solid igneous
core of a volcano left behind after the softer cone has been
eroded, outcrop beside the trachyte on the top of Djinga
Tadorgal massif. Some blocks (0.3m to 1m) of these
intermediate lavas are dotted around the necks.

The volcanic domes of Hossere Kangur, Hossere Doro and
Hossere Libong (altitude: < 1600 m a.s.l), are disseminated
to the northwest and to the northeast of the Djinga Tadorgal
massif (altitude: 1747 m a.s.l). The edges of these domes are
bounded by small steep cliffs (20—40 m high) and the lava
blocks are accumulated to the foothill. The volcanic breccia
more or less well stratified, covers the beds of some streams
surrounding the Djinga Tadorgal massif. The granitoid
outcrops are almost present on the whole southern and
eastern sector (see figure 2). These outcrops are more or less
altered and strongly fragmented into angular or rounded
blocks of centimeter to metric size.

3. Methods

The mineral phases were analyzed in polished thin sections
with the electron microprobe analyzer using a Cameca
microprobe SX100 at the “Université Pierre et Marie Curie”,
Paris VI (France). The standards data used for analysis are
from natural (Si, Al and K on orthoclase, Ca on anorthite, Na
on albite, P on apatite, Zr on zircon) and synthetic (Fe on
Fe,03, Ba on BaOy, Sr on SrSiO;) phases.

The measurements were carried out with a beam size of
10-100 um, under the following conditions expressed in kV
(accelerating voltage), nA (beam current) and s (counting
times at the peak): Olivine (15 kV, 40 nA, 20 s for all
elements, except Si (10 s)), clinopyroxene (15 kV, 40 nA, 20
s for Si, Al, Fe, Mg, Ca, Na, Mn and 30 s for Ti and Zr),
amphibole (15 kV, 10 nA, 15 s for Si, Al, Mg, Na and K, 20
s for Ca and Ti, 25 s for Fe and Mn, 30 s for CI and F),
feldspar (15 kV, 10 nA, 5 s for all elements), Fe-Ti oxides
(15 kV, 40 nA, 40 s for Ti, Fe, Mn, Mg, 10 s for Si, 15 s for
Cr and 30 s for Al), rhénite (15 kV, 40 nA, 10 s for Si et Fe,
15 s for Ca and 20 s for all others elements), mica (15 kV, 10
nA, 20 s for K, Ti, Cl, Ca, Mg, Al, Si, 15 s for Fe, 30 s for Ba,
Mn, Ni, F and Na), apatite (15 kV, 30 nA, 10 s for Ca and P,
15 s for F and Cl, 20 s for all others elements) and titanite (15
kv, 10 nA, 10 s for all elements). Measurements correction
was carried out using the "PAP" program [18]. For
geochemical analyses the samples were crushed in an agate
shatterbox. Chemical whole-rock analyzes (lavas and
amphibole megacryst) were carried out at the CRPG
laboratory, Nancy. Major Elements were analyzed by ICP-
AES and trace elements by ICP-MS. The rock samples were
previously selected in order to limit superficial contamination,
then crushed. For amphibole chemical analysis, megacrysts
were separated from the host rock with a hammer then
selected under binocular lens and crushed. Details of
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analytical processes for samples were presented elsewhere
[19].

Sample for Rb—Sr isotopic analyses were dissolved in
mixed HF-HNO; (10:1) acid mixture; chemical separation
was carried out by cation exchange chromatography; blanks
were <1 ng. Sr isotopic ratios were measured on a VG Sector
54 multicollector thermal ionization mass spectrometer
(TIMS) at the “Université Libre de Bruxelles” (Belgium).

4. Results
4.1. Petrography

4.1.1. Basanite

Basanite is characterized by a porphyritic texture, consists
of olivine (1-2 mm), clinopyroxene (2.2—3.1 mm) and Fe-Ti
oxides (0.5—0.6 mm) phenocrysts in a groundmass of
clinopyroxene, Fe-Ti oxides and plagioclase microlites.
Some phenocrysts of amphibole and biotite are also present
as well as the rare rhonite crystals. Clinopyroxene

phenocrysts are euhedral and twinned. Olivine phenocrysts

are subhedral, cracked and their edges are sometimes
destabilized into iddingsite. Some amphibole crystals are
converted into Fe-Ti oxides, rhonite and biotite. The small
dark red rhonite crystals are surrounded by Fe-Ti oxides.

4.1.2. Benmoreite

Amphibole = megacrysts-bearing ~ benmoreites  are
porphyritic, with phenocrysts of plagioclase (6—8 mm), alkali
feldspar (2—5 mm), amphibole, clinopyroxene, biotite, Fe-Ti
oxides (~1.2 mm) and apatite (0.5—0.9 mm), in a groundmass
of alkali feldspar, clinopyroxene, amphibole and Fe-Ti
oxides microlites. Feldspar phenocrysts are fractured and
destabilized. Amphibole phenocrysts (1.3-2.1 mm) and
megacrysts (6—8 cm) are dark-brownish with more or less
destabilized rim (Figure 3). The majority of amphibole is
optically homogeneous and unzoned. The amphibole
megacrysts and biotite phenocrysts are euhedral to subhedral
and contain apatite inclusions. Clinopyroxene phenocrysts (~
2.5 mm) are green, euhedral and contain inclusions of Fe-Ti
oxides and plagioclase.

(a)

Figure 3. (a) neck of benmoreite surrounded by trachytic outcrop (b) kaersutite megacryst (naked eye) in a benmoreite sample (c) microscopic aspect in thin

section.

4.1.3. Trachyte

Alkali feldspar (1-2 mm), clinopyroxene (0.5—1.5 mm),
amphibole (0.6—1.2 mm), biotite, Fe-Ti oxides, apatite and
titanite phenocrysts are scattered in the groundmass
consisting of clinopyroxene, amphibole, alkali feldspar and
Fe-Ti oxides microlites. Alkali feldspar phenocrysts are
surrounded by Fe-Ti oxides microlites. Clinopyroxene and
amphibole phenocrysts are scarce and highly destabilized

into Fe-Ti oxides.
4.2. Geochemistry

4.2.1. Mineral Chemistry

i) Olivine

Forsterite (Fo) values, calculated for the analyzed olivine
phenocrysts of the basanite (Table 1) reach 72—82 and 69—74,
respectively for the core and the rim. The CaO contents are
high (rim: ~ 0.41wt% and core: ~ 0.43wt.%). The
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crystallization temperatures for the core and the rim are
respectively 1224 + 60 °C and 1166 + 48 °C (estimated after

[20]) using bulk-rock composition as a liquid at the total
pressure of 1 atm.

Table 1. Representative chemical compositions and structural formula (on basis of 4 oxygens and 3 cations) of olivine (ph: phenocryst; c: core; r: rim).

lavas-types basanite

sample nb. 127 127 127 127 127 127
description phe ph.c ph.r ph.c ph.r ph.c
SiO, (wt.%) 37.95 38.28 37.54 39.28 38.49 40.38
ALO; 0.04 0.04 0.05 0.07 0.04 0.05
FeO 24.49 23.88 26.57 20.58 23.10 16.65
MnO 0.47 0.51 0.60 0.22 0.40 0.23
MgO 35.63 36.51 33.97 39.74 37.40 42.88
CaO 0.43 0.37 0.41 0.21 0.30 0.31
Total 99.16 99.75 99.40 100.10 99.75 100.55
Si (apfu) 1.012 1.011 1.011 1.014 1.010 1.019
Al 0.001 0.001 0.002 0.002 0.001 0.002
Fe** 0.546 0.527 0.598 0.444 0.507 0.352
Mn 0.011 0.011 0.014 0.005 0.009 0.005
Mg 1.417 1.438 1.364 1.529 1.464 1.614
Ca 0.012 0.010 0.012 0.006 0.009 0.008
Fo (%) 72.17 73.16 69.51 77.49 74.27 82.12
Fa 27.83 26.84 30.49 22.51 25.73 17.88

ii) Clinopyroxene

The clinopyroxene of basanite is either diopside or augite
(according to the nomenclature of [21]; Figure 4). Some
phenocrysts of augite and diopside (Table 2) are titaniferous
(TiOy: ~ 8.1wt.%; Ti: ~ 0.23 apfu: atom per formula unit)
and Al-rich (AL,O;: ~ 12.4 wt.%; Al: ~ 0.55 apfu). The high
contents of Ti and Al" in diopside and augite are linked to a
low-pressure of crystallization [22].

The benmoreites contain also diopside (See Table 2) with
TiO, contents reaching 2.19 wt.%. In the trachyte, the
diopside (Woy7Eng Fs;; and WosgEngFsg), are less
titaniferous (TiO,: 1.3—2.9 wt.%) than those from basalts.

The clinopyroxene of the studied basanite has elevated
Al" values compared to those of the trachyte (see Table 2).
In basanite, clinopyroxene has sufficient Al to compensate
the Si*" deficiency in the tetrahedral site (T-site); low Al"

contents displayed in the pyroxenes of trachyte are
compensated by the substitution of Si by Fe® * and/or Ti ([23].

Wo
Di Hd
[ X
augite A basanite
A [0 benmoreites
O trachyte
L | P \ Fs

En

Figure 4. Classification of clinopyroxene from the studied rocks in the Wo—
En—Fs ternary diagram [21].

Table 2. Representative chemical compositions and structural formula (on the basis of 6 oxygens and 4 cations) of clinopyroxene (ph: phenocryst; c: core; r:

rim; mc microcryst).

lava-types basanite benmoreite trachyte

sample nb. 127 127 127 127 127 127 127 207 206 293 293 293 293 293
description ph.c ph.c ph ph ph.r ph.c mc ph.r ph.c ph ph ph ph.r ph.c
Si0; (wt.%) 4559 4720 4730  37.04 4596  48.17 4928 4691 47.73 50.14  48.86 49.92 4884  48.10
TiO, 4.56 3.27 3.51 8.14 2.80 2.13 1.27 2.03 2.19 1.76 2.89 2.85 1.30 1.49
AL O3 8.27 6.93 6.41 1246 839 7.17 4.57 6.44 5.71 2.62 3.38 2.35 3.92 3.81
FeO 6.09 5.68 6.01 10.73 6.28 7.23 5.66 9.57 7.89 8.71 9.49 8.77 9.09 8.95
MnO 0.10 0.07 0.17 0.07 0.09 0.15 0.07 0.51 0.27 0.77 1.20 0.83 0.61 0.60
MgO 12.17 13.11 12.71 11.16 13.37 13.25 15.63 11.06 12.82 11.99 11.14 12.08 11.93 11.88
CaO 2349 2356  23.89 19.38 22.60  22.03 2220  21.63 22.95 20.59  20.53 20.93 22.28 22.45
Na,O 0.67 0.72 0.74 0.95 0.58 0.77 0.60 1.13 0.88 1.75 1.85 1.06 1.28 1.16
Total 100.93 100.55 100.74 99.92 100.06  100.90 99.27  99.27 10045 9834  99.34 9880 9939  98.59
Fe,05 (calc.) 2.76 3.63 3.52 9.22 4.87 3.66 4.16 5.38 6.07 4.22 4.87 2.76 6.51 6.69
FeO (calc.) 3.61 242 2.85 2.44 1.90 3.94 0.92 4.73 243 4.91 5.10 6.29 323 2.93
Total (calc.) 101.21 10091 101.10 100.85 100.55 101.27 98.69  99.81 101.05 9876  99.82 99.08 100.04  99.26
Si (apfu) 1.680 1.735 1.742 1.396 1.694 1.764 1.828 1.764 1.762 1.895 1.841 1.921 1.830 1.819
Ti 0.126  0.090 0.097  0.231 0.078  0.059  0.035 0.057  0.061 0.050  0.082 0.025 0.037  0.042
ALY 0.039  0.035 0.020  0.000 0.058  0.073 0.028 0.050  0.011 0.012  0.000 0.028  0.003 0.000
ALY 0320  0.265 0.258  0.553 0306 0236 0.172 0236  0.238 0.105 0.150  0.079  0.170  0.170
Fe** D 0.076  0.100  0.098  0.261 0.135 0.101 0.116 ~ 0.152  0.169  0.120  0.138 0.080 0.184  0.179
Fe! 0.111 0.074  0.088 0.077 0.059  0.121 0.029  0.1499  0.075 0.155 0.161 0.202  0.101 0.093
Mn 0.003 0.002  0.005 0.002  0.003 0.005 0.002  0.016  0.008 0.025 0.038 0.027  0.019  0.019
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lava-types basanite benmoreite trachyte

sample nb. 127 127 127 127 127 127 127 207 206 293 293 293 293 293
description ph.c ph.c ph ph ph.r ph.c me ph.r ph.c ph ph ph ph.r ph.c
Mg 0.669 0.719 0.698 0.627 0.734 0.723 0.864 0.620 0.706 0.676 0.626 0.693 0.666 0.670
Ca 0.927 0.928 0.942 0.783 0.892 0.864 0.883 0.872 0.908 0.834 0.829 0.863 0.894 0.910
Na 0.048 0.051 0.053 0.069 0.042 0.055 0.043 0.082 0.063 0.128 0.135 0.079 0.093 0.085
Wo (%) 48.60  49.03 50.04 38.31 46.19 45.02 45.96 47.43 48.91 47.62 47.61 46.63 49.93 50.55
En 44.47 46.92 45.02 58.98 51.35 47.77 53.40 43.39 47.80 42.60 41.72 41.32 44.80 44.99
Fs 6.93 4.05 4.94 2.71 2.46 7.21 0.63 9.18 3.29 9.78 10.67 12.05 5.27 4.45
Ti/Al 0.35 0.30 0.35 0.42 0.21 0.19 0.18 0.20 0.24 0.43 0.55 0.23 0.21 0.25

iii) Rhonite

The rhonite crystals (Table 3, Figure 5) are rich in CaO (9.6—-11.8 wt.%), TiO, (10.3—12.2 wt.%) and MgO (11.5—13.3 wt.%)
with low NaO contents (1.3—1.9 wt.%; Na < 0.6 apfu). Experimental work [24] indicates that the stability of the rhonite is
limited to the pressures up to 0.06 GPa for temperatures calibrated between 840 °C and 1200 °C.

A from studied basaltic lava

« from others Cameroon sector
(Oku, Tchabal Nganha)
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Figure 5. Compositions of the studied rhonite are represented in comparison to those of the other Cameroon sector.

Table 3. Representative chemical compositions and structural formula (on the basis of 20 oxygens and 14 cations) of rhonite.

lava-types basanite

sample nb. 127 127 127 127 127
Si0, (Wt.%) 27.06 28.75 24.99 25.55 25.00
TiO, 11.49 10.26 11.72 11.12 12.20
ALO; 14.95 14.36 14.09 16.02 15.44
FeO 20.47 19.11 26.82 19.48 21.57
MnO 0.04 0.32 0.19 0.10 0.19
MgO 12.24 13.31 11.62 13.11 11.56
Ca0O 11.72 11.62 9.62 11.56 11.78
Na,O 1.63 1.58 1.99 1.79 1.34
K>0 0.05 0.07 0.17 0.02 0.01
Total 99.64 99.37 101.26 98.97 99.09
Fe,0; (calc.) 4.56 4.80 10.77 6.57 6.36
FeO (calc.) 16.36 14.79 17.13 13.57 15.85
Total (calc.) 100.09 99.85 102.34 99.62 99.73
Si (apfu) 4.085 4291 3.735 3.881 3.850
Ti 1.305 1.152 1.318 1.270 1.413
ALY 2.659 2.527 2.482 2.868 2.803
AlY 0.000 0.000 0.000 0.000 0.000
Fe®OV! 0.518 0.539 1.211 0.751 0.737
Fe*' 2.065 1.846 2.141 1.723 2.042

Mn 0.005 0.040 0.024 0.012 0.025
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lava-types basanite

sample nb. 127 127 127 127 127

Mg 2.754 2.962 2.589 2.969 2.654

Ca 1.895 1.857 1.540 1.881 1.943

Na 0.477 0.458 0.577 0.526 0.399

K 0.009 0.012 0.032 0.004 0.002
iv) Mica

Phlogopite (Fe”/(Fe® “+Mg) <0.33; Al'Y: 2-3 apfu; Figure 6) analyzed in basanite contain F and TiO, respectively 3.3 wt.%
and 9.2 wt.% (Table 4). The almost similar amount of F (~ 2.6 wt.%) and TiO, (~ 8.69 wt.%) are obtained for the phlogopite of
benmoreite. Biotite phenocrysts were analyzed in benmoreite and trachyte (Table 4) with TiO, contents reaching 8.3 wt.%.

—~ 10 A T S T R
m . 1 .I . l T I L) I T l T 1L
% 0.9 - biotite A basanite -+
& 0.8 1+ O benmoreite |-
|2 0.7 L O trachyte T
& 06 + T
L o5t I
Oifer & T
03 fa uoA T4 g sregonel
0.2 + A i
0.1 4+ . i

0.0 ——t—t——f——t
2.0 2.2 2.4 2.6 2.8 3.0

A1V (a.p.f.u)
Figure 6. Distribution of mica compositions in basalt, benmoreite and trachyte. Classification based on [25].

Table 4. Representative chemical compositions and structural formula (on the basis of 22 oxygens) of mica (ph: phenocryst; c: core).

lava-types basanite benmoreite trachyte
sample nb. 127 127 127 127 207 207 207 207 207 293 293
description ph.c ph.c ph.c ph.c ph ph ph ph ph ph ph
SiO, (wt.%) 36.65 38.98 37.91 36.50 36.73 36.90 36.34 36.75 37.12 3735 3732
TiO, 9.17 8.32 8.69 8.11 8.48 8.56 8.20 8.50 8.37 7.64 597
ALO; 12.79 12.00 13.61 11.86 14.92 14.45 14.42 14.31 14.58 14.20 14.21
FeO 11.35 9.24 9.79 9.42 9.74 10.03 10.75 10.89 13.35 13.20 14.41
MnO 0.12 0.10 0.00 0.10 0.05 0.00 0.16 0.09 0.31 0.55 0.65
MgO 15.19 13.44 15.33 13.09 16.26 16.01 15.96 15.57 14.42 14.29 13.95
CaO 0.50 8.60 0.05 7.88 0.07 0.06 0.07 0.00 0.02 0.00 0.09
Na20 0.77 0.59 0.73 0.56 1.04 1.02 1.06 1.08 1.04 1.04 1.11
K20 8.67 5.44 8.05 7.37 8.43 8.52 8.44 8.43 8.61 8.67 8.87
F 321 2.30 332 3.34 1.79 2.60 2.00 1.52 0.21 2.90 2.06
Cl 0.06 0.02 0.06 0.07 0.03 0.01 0.02
H,O* 2.53 3.07 245 2.16 3.26 3.35 3.12 3.36 4.03 2.72 3.07
FasO 1.35 0.97 1.40 1.41 0.75 0.67 0.84 0.64 0.09 1.22 0.87
Clas O 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.02 0.01 0.00 0.00
Total-(F+Cl) 96.56 97.69 95.57 96.30 96.47 97.22 96.25 96.28 97.91 98.16  97.45
Si (apfu) 5.421 5.612 5.491 5.047 5.335 5.378 5.334 5.376 5.371 5455 5512
Ti 1.019 0.901 0.972 0.977 0.927 0.938 0.905 0.935 0.910 0.839  0.663
ALY 2.229 2.036 2.387 2.240 2.665 2.622 2.666 2.624 2.629 2.545 2488
Fe?* 1.404 1.113 1.217 1.262 1.183 1.222 1.319 1.333 1.616 1.612 1.779
Mn 0.016 0.012 0.013 0.006 0.000 0.020 0.011 0.039 0.068  0.081
Mg 3.348 2.885 3.399 3.125 3.519 3.476 3.490 3.395 3.109 3.110  3.071
Ca 0.080 1.327 0.008 1.353 0.011 0.009 0.011 0.000 0.003 0.000 0.014
Na 0.222 0.166 0.212 0.174 0.292 0.288 0.302 0.307 0.291 0294 0318
K 1.635 0.999 1.528 1.507 1.562 1.585 1.580 1.572 1.589 1.616 1.672
F 1.504 1.049 1.565 1.695 0.823 0.736 0.931 0.705 0.098 1.341 0.963
Cl 0.000 0.000 0.000 0.000 0.015 0.004 0.014 0.017 0.008 0.002  0.005
OH 2.496 2.951 2.435 2.305 3.163 3.260 3.056 3.278 3.894 2.657  3.032

Fe’'/(Fe’'+Mg) 0.30 0.28 0.26 0.29 0.25 0.26 0.27 0.28 0.34 0.34 0.37
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v) Oxides of Fe-Ti

The titano-magnetite is ubiquitous in the studied rocks (Table 5), with TiO, and FeO contents respectively 25.4 wt.% and
79.5 wt.%. TiO, contents are more higher in basanite (TiO,: 23.1-25.4 wt.%) than in trachyte (TiO,: 10.6—12.3 wt.%). In
benmoreite TiO, values are more or less intermediate (TiO,: 11.9-19.6 wt.%) between those of basanite and trachyte.

Table 5. Representative chemical compositions and structural formula (on the basis of 32 oxygens) of Fe-Ti oxides.

lava-types basanite benmoreite trachyte
sample nb. 127 127 127 127 207 207 207 207 207 207 207 293 293 293
SiO; (wt. %) 0.09 0.00 0.05 0.10 5.71 0.04 0.05 0.05 0.03 0.00 0.05 0.08 0.07 0.09
TiO, 23.18 25.41 24.13 23.71 1726 17.79  17.68 12.17 11.90 1958 19.69 1228 1236  10.62
ALOs 7.00 2.79 1.99 1.88 0.94 1.54 1.30 1.10 1.13 1.92 1.12 1.58 2.38 1.42
Cr,03 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 0.00 0.00 0.02 0.06 0.09 0.04
FeO 61.13 63.14 67.55 66.54 59.16  70.61 69.65 78.69  79.06 70.69 7225 7939 7840  79.52
MnO 0.55 0.70 0.79 0.66 0.92 1.53 1.66 3.47 3.48 2.05 2.40 2.85 1.88 2.62
MgO 5.60 3.97 2.64 3.00 9.89 4.19 3.97 1.26 1.32 3.00 1.76 1.87 2.47 1.70
CaO 0.03 0.12 0.10 0.52 0.24 0.11 0.26 0.05 0.00 0.06 0.24 0.03 0.06 0.02
Total 97.58 96.13 97.25 96.42 9411 9623 9499 96.82 96.92 9731 9754 98.13 9771  96.02
IImenite basis
Fe,05 (calc.) 31.99 32.95 35.62 35.93 3922 4640 4588 49.42 4995 42,61 4286 5278 51.69 53.64
FeO (calc.) 28.82 31.04 32.88 31.62 21.57 2886 2836 27.55 2741 3029 31.58 29.58 29.60 28.94
Total (calc.) 97.26 96.98 98.20  97.43 95.74 10048 99.17 9934 99.22  99.52 99.73  101.11 100.61 99.08
Ulvospinel basis
Fe,05 (calc.) 17.36 16.68 20.12 20.66 2331 3451 3406 4196 42.66 2994  30.08 44.77 43.63  46.69
FeO (calc.) 41.98 45.68 46.83 45.36 3589 39.56  39.00 3426 3396 41.69 43.08 36.79 36.86 35.19
Total (calc.) 95.80 95.35 96.64 95091 94.15 9929 9799 9735 9849 9825 9845 100.30 99.80  98.38
Si (apfu) 0.025 0.015 0.029 1.610 0.011 0.013 0.015 0.010 0.000 0.014 0.023 0.020 0.027
Ti 4.881 5.604 5.329 5.259 3.661 3905 3938 2.693 2.628 4291 4359 2675 2.684 2365
Al 2.308 0.965 0.689 0.655 0314 0529 0452 0381 0391 0.659 038 0.538 0.809 0.495
Cr 0.000 0.000 0.000  0.000 0.000 0.006 0.003 0.005 0.000 0.000 0.005 0.013 0.020 0.008
Fe** 3.881 3.829 4.624  4.769 5.145 7576  7.589  10.145 10.296 6.759  6.862  10.053 9.762  10.713
Fe?* 10.428 11.655 11.961 11.638 8.806  9.651  9.657 9.207 9.109 10.460 10.921 9.180 9.163 8.974
Mn 0.130 0.173 0.195 0.165 0219 0377 0416 0864 0.865 0.506 0599 0.699 0460 0.658
Mg 2.339 1.736 1.156 1.319  4.157 1823 1.754 0.554 0576 1305 0.773  0.809 1.062  0.749
Ca 0.008 0.038 0.031 0.166 0.071 0033 0.082 0.015 0.001 0.020 0.075 0.011 0.019  0.006
Usp (%) 6442 7147 6777 67.01 6632 4956 49.92 34.16 3327 5438 55.11 43.64 6498 41.12
vi) Feldspar

The basanite and benmoreites contain plagioclase (Table 6) with compositions ranging respectively from labradorite
(AnsgAbs;) to andesine (Angy_46Absg49 and oligoclase (AnygAbse). In the benmoreites and trachyte, sanidine (Orsg_goAbss—1g)
and anorthoclase (Oryg.,7Abg;.59) Were analyzed. BaO amounts in some crystals from benmoreite are < 1 wt.% (0.1—0.8 wt.%).

Table 6. Representative chemical compositions and structural formula (on the basis of 8 oxygens) of feldspar (ph: phenocryst; m: microlite).

vreoes plagioclase K-feldspar

basanite benmoreites benmoreites trachytes
sample nb. 127 207 207 207 207 207 207 207 207 207 207 207 293 293
description ph ph ph ph ph ph ph m ph ph ph m ph ph
SiO, (wWt.%) 50.93 56.96 58.26 58.80 58.22 61.00 60.87 64.64 66.37 65.08 65.37 64.34  64.45 63.94
AlLO; 29.74 25.78 26.58 25.50 26.78 24.76 24.19 18.70 19.60 19.27 19.97 21.16  20.34 20.36
FeO 0.93 0.37 0.47 0.45 0.34 0.29 0.36 0.02 0.30 0.30 0.38 0.34 0.23 0.27
CaO 12.61 8.88 8.74 6.96 8.90 6.13 5.69 0.00 0.79 0.67 0.95 1.83 0.81 0.87
Na,O 3.96 5.61 5.37 6.59 5.57 6.83 6.68 1.09 6.52 5.42 6.06 7.10 5.38 5.30
KO 1.33 0.64 0.71 1.10 0.73 1.52 1.68 14.80 7.08 7.75 6.54 4.76 7.92 8.04
BaO 0.35 0.12 0.35 0.35 0.35 0.39 0.84 0.10
Total 99.60 98.59 100.34  99.76 100.89  100.88  99.86 100.09 100.77  98.55 99.26 99.53  99.15 98.82
Si (apfu) 2.339 2.599 2.603 2.646 2.593 2.706 2.726 2986 2958 2.967 2.947 2.887 2926 2917
Al 1.610 1.386 1.400 1.352 1.406 1.294 1.277 1.018 1.029 1.036 1.061 1.119  1.088 1.095
Fe?* 0.000 0.014 0.018 0.017 0.013 0.011 0.013 0.001 0.000 0.011 0.014 0.013  0.009 0.010
Ca 0.620 0.434 0.418 0.336 0.425 0.291 0.273 0.000 0.038 0.032 0.046 0.088  0.039 0.043
Na 0.353 0.498 0.467 0.577 0.483 0.589 0.582 0.098 0.565 0.481 0.531 0.619  0.475 0.470
K 0.078 0.037 0.041 0.063 0.041 0.086 0.096 0.872 0.402 0.451 0.376 0.273  0.459 0.468
Ba 0.006 0.002 0.006 0.006 0.006 0.007 0.015 0.002
An (mol. %)  58.98 45.28 46.00 35.28 45.21 30.71 29.51 0.09 3.75 4.73 6.21 10.15  4.97 5.48
Ab 33.60 50.33 49.49 57.76 49.88 59.91 59.90 9.95 56.13 49.17 54.90 62.38  48.34 47.38

Or 7.42 4.39 4.51 6.96 4.90 9.38 10.59 89.96 40.12 46.10 38.89 2747  46.68 47.14




158 Isaac Bertrand Gbambié¢ Mbowou et al.: Petrology of Kaersutite Megacryst-Bearing Benmoreites from the
Tignere Volcanic Domain (Adamawa Plateau, Cameroon)

vii) Apatite
Apatite crystal (Table 7) had been analyzed in benmoreites with P,Os contents 42.6 wt.%. The amounts of F ranging
between 2.9 wt.% and 7.2 wt.% (fluoro-apatite), and CI contents are low (0.13—0.32wt.%)).

Table 7. Representative chemical compositions and structural formula (on the basis of 26 oxygens) of apatite (ph: phenocryst; m: microlite).

lava-types benmoreites

sample nb. 207 207 207 207 206 206 206

description ph ph ph ph ph ph

Si0, 0.36 0.31 0.27 0.25 0.42 0.38 0.38

La,05 0.06 0.01

Cey0; 0.41 0.40

FeO 0.28 0.18 0.27 0.28 0.08 0.00 0.59

CaO 51.98 52.88 53.33 52.96 53.44 53.60 54.71

P,0s 42.60 42.35 42.60 41.47 41.11 40.84 36.47

F 4.55 422 291 4.05 1.13 0.59 7.22

Cl 0.29 0.32 0.27 0.31 0.13

H,O0* 0.06 0.06 0.06 0.06 0.06 0.06 0.06

FasO 1.92 1.78 1.22 1.70 0.48 0.25 3.04

ClasO 0.06 0.07 0.06 0.07 0.03

Total 100.12 100.32 99.71 99.38 97.19 96.12 100.08

Si (apfu) 0.057 0.050 0.045 0.040 0.073 0.068 0.061

La 0.000 0.000 0.000 0.000 0.002 0.000 0.000

Ce 0.000 0.000 0.000 0.000 0.013 0.013 0.000

Fe 0.037 0.024 0.037 0.038 0.011 0.000 0.080

Ca 8.841 9.154 9.418 9.304 9.994 10.165 9.486

P 5.858 5.793 5.945 5.757 6.075 6.119 4.995

E 2.285 2.154 1.515 2.099 0.624 0.330 3.695

Cl 0.077 0.087 0.076 0.087 0.000 0.000 0.034

viii) Amphibole 3.
All analyzed crystals (Table 8) have Ti abundances higher

than 0.5 apfu and are classified as kaersutite (Ti > 0.5) after A phenocrysts, in basanite
[26]. In basanite (Figure 7) these crystals have ~ 14.1 wt.% [0 megacrysts, in benmoreite
of MgO. The Ti amount (~ 0.68 apfu) is lower than those of o phenocrysts, in benmoreite
the kaersutite of the basalts from Tchabal Nganha (Ti: ~ 0.78 O phenocrysts, in trachyte
apfu; [1]). In benmoreites, the compositions of kaersutite
megacrysts (mg#: ~ 0.67) and phenocrysts (mg#: ~ 0.66) are :g, 1.0 4=+ % e
relatively similar. The Ti and Al" amounts for megacrysts (Ti: = | kaersutite (Ti > 0.5 apfu) 1
~ 0.71 apfu; Al": ~ 2.23 apfu) and phenocrysts (Ti: ~ 0.70 1 1
apfu; AI™: ~ 2.08 apfu) are similar. In the Kkaersutite
megacryst, Sr contents 1900 ppm (See Table 10). Kaersutite T = ED T
from trachyte have the contents of Ti and Al'" similar to + EE@:'ED[EB%%%D § i
those analyzed in basanite and benmoreites, apart from the F 0.5 O

amounts (~ 1.18 wt.%) which are slightly more concentrated. ferro-kaersutite
Based on petrographic and geochemical observations, the
studied amphiboles show no zonation and slight difference in 1 1
major element composition. The REE elements analyzed on
one amphibole megacryst sample from benmoreite show a
general convex-upward REE pattern (see Figure 10 below) T T
with LREE enrichment relative to HREE and maximum 0.0 e
enrichment for Nd. The primitive mantle [27] normalized 55 5657 58 59 6.0 61 6.2 63 64 65
multi-element patterns for this amphibole differ considerably .

from the host rocks (see Figure 11 below) and are Si (apfu)

cha@cterlzed by the s.tronglly negative P, Zr anoma.hes and Figure 7. Distribution of amphibole compositions analyzed in basalt,
positive Sr, Ba anomalies with the value of Zr/Nb ratio below benmoreite and trachyte (according to the classification of [26]).
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Table 8. Representative chemical compositions and structural formula (on the basis of 23 oxygens and 15 cations) of amphibole (megac: megacryst; ph:

phenocryst; m: microlite).

lava-types basanite benmoreite trachyte
sample nb. 127 127 207 207 207 207 207 207 207 207 206 206 293 293
description ph megac megac megac ph ph megac megac megac megac megac ph ph
Si0, (wt.%) 40.69  41.03 38.26 38.37 38.92 40.49 39.32 39.36 38.32 37.90 39.35 40.27 39.01 39.09
TiO, 6.15 5.40 6.01 6.17 6.19 4.63 6.24 6.27 5.95 5.85 5.37 5.35 543 5.14
ALO; 12.43 12.71 14.85 14.28 14.36 11.75 12.44 12.98 14.29 14.34 12.59 12.30 11.85 12.25
FeO 8.20 8.07 12.30 11.94 12.22 13.69 10.94 11.81 12.08 11.77 12.83 13.37 14.13 13.31
MnO 0.06 0.11 0.16 0.18 0.19 0.62 0.18 0.25 0.00 0.10 0.26 0.11 0.56 0.47
MgO 13.95 14.15 11.08 11.06 11.30 10.50 12.31 11.30 11.15 11.03 11.62 11.26 10.69 10.95
CaO 12.98 13.04 10.91 11.94 11.91 10.83 11.07 11.29 11.68 11.52 11.54 11.34 11.53 11.67
Na,O 2.58 2.60 2.31 2.60 242 2.53 2.77 2.49 2.63 2.61 2.66 2.70 2.83 2.76
KO 1.22 1.27 1.03 1.10 1.05 1.55 1.23 1.17 1.16 1.10 1.42 1.51 1.57 1.58
F 0.14 0.91 0.42 0.29 0.14 0.91 0.00 0.21 0.30 0.00 0.24 0.32 1.18 0.33
Cl 0.04 0.07 0.00 0.00 0.04 0.07 0.04 0.03 0.04 0.03 0.02 0.00 0.03 0.04
FasO 0.06 0.38 0.18 0.12 0.06 0.38 0.00 0.09 0.12 0.00 0.10 0.13 0.50 0.14
Clas O 0.01 0.02 0.00 0.00 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01
Total-(F+Cl) 98.34 98.78 97.08 97.76 98.63 96.98 96.52 97.01 97.39 96.21 97.75 98.34 98.09 97.35
FeO (calc) 8.20 8.07 10.21 11.94 12.22 13.69 10.94 11.81 12.08 11.77 12.83 13.37 14.13 15.82
Fe,05 (calc) 2.69
Si (apfu) 6.032 6.061 5.703 5.763 5.767 6.157 5.920 5.928 5.769 5.758 5914 6.027 5.947 5.961
Ti 0.686 0.600 0.674 0.697 0.690 0.529 0.707 0.711 0.674 0.668 0.606 0.602 0.622 0.590
ALY 1.968 1.939 2.297 2.237 2.233 1.843 2.080 2.072 2.231 2.242 2.086 1.973 2.053 2.039
ALV 0.205 0.274 0.312 0.292 0.276 0.263 0.127 0.232 0.304 0.326 0.144 0.198 0.075 0.163
Fe** 0.294
Fe** 1.722 1.643 1.239 1.756 1.612 1.793 1.453 1.665 1.697 1.646 1.648 1.812 1.975 1.937
Mn 0.008 0.014 0.020 0.023 0.023 0.080 0.023 0.032 0.000 0.012 0.033 0.013 0.072 0.061
Mg 3.084 3.116 2.462 2.476 2.496 2.381 2.763 2.537 2.503 2.498 2.604 2.512 2.429 2.489
Ca 2.061 2.064 1.742 1.921 1.891 1.765 1.785 1.822 1.883 1.875 1.858 1.818 1.883 1.907
Na 0.743 0.745 0.666 0.758 0.694 0.744 0.810 0.727 0.767 0.768 0.776 0.784 0.835 0.816
K 0.227 0.236 0.196 0.210 0.198 0.301 0.236 0.223 0.223 0.212 0.272 0.287 0.304 0.305
mg# 0.64 0.65 0.67 0.59 0.61 0.57 0.66 0.60 0.60 0.60 0.61 0.58 0.55 0.56
ix) Titanite lava-type trachyte
The titanite crystals (Table 9) with TiO, (~ 37.9 wt.%) and  _sample nb. 293 293 293

CaO (26.4-27.8 wt.%) contents were analyzed in trachyte. description mph

Nd 0.000 0.000 0.000
Table 9. Representative chemical compositions and structural formula (on ]:‘t‘lb 8%(1) g?;? 8(2)491491
the basis of 20 oxygens) of titanite (mph: microphenocryst). o R Py R
lava-type trachyte Ca 3.874 3.815 4.016
sample nb. 293 293 293 Na 0.014 0.008 0.012
description mph
Si0, (wt. %) 30.44 30.53 30.77 4.2.2. Whole Rock Chemistry
TiO, 37.57 37.92 36.06 Nomenclature: The studied basaltic lava is a basanite, as
210, . (O (O classified with the TAS diagram (Figure 8; [28], [29]). In the
La,Os 0.00 0.00 0.00 . . .
Ce,0s 0.00 0.00 0.00 same diagram, the felsic lava falls in the field of trachyte and
Nd,05 0.00 0.00 0.00 the intermediate rocks are latites (Na,O-2 < K,0) with SiO,
Y,04 0.00 0.00 0.00 contents located between 53 wt.% and 57 wt. % (Table 10).
AlO; 1.02 0.90 1.25 According to this TAS diagram, latite is intermediate
LY Ltfs 00 2Ly between shoshonite and trachyte. However, shoshonitic and
CaO 26.87 26.47 27.84 . .
Na,0 011 0.06 0.09 potassic rocks are probably derived from anomalous mantle
Fe;0; (calc) 1.98 1.85 241 sources which were enriched in incompatible elements by
Total 97.99 97.74 98.41 subduction-related processes [30]. The studied intermediate
Si (apfu) 4.096 4.107 4.142 rocks are sampled in an intraplate alkaline setting. From this
Ti S — SE consideration, the term benmoreite was appropriated
Zr 0.000 0.000 0.000 . . . .
v 0.000 0.000 0.000 according to the [31] diagram (see Figure 8). The high
La 0.000 0.000 0.000 concentration of K,O in these benmoreites could be linked to
Ce 0.000 0.000 0.000 the accumulation of K-feldspar, mica and kaersutite
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megacrysts or others processes as described below.

Table 10. Whole-rock composition of studied lavas and kaersutite megacryst.

lava-types basanite benmoreites kaersutite trachyte
sample nb. 127 206 207 207Hb 293
Si0; (wt %) 40.75 54.90 54.54 38.08 58.94
TiO, 4.42 1.44 1.41 5.87 0.75
ALOs 12.25 18.26 18.06 14.80 18.75
Fe,O5* 13.86 592 6.01 13.17 3.32
MnO 0.17 0.19 0.19 0.16 0.17
MgO 10.23 1.84 1.86 11.21 0.59
CaO 11.69 443 4.62 11.64 1.81
Na,O 2.85 5.20 5.26 245 6.33
KO 1.34 4.51 4.69 1.11 6.19
P,0s 0.54 0.50 0.51 0.14 0.15
LO.I 0.97 2.18 2.26 0.43 2.56
Total 99.08 99.37 99.41 99.01 99.56
D.L 23.23 70.10 70.12 87.03
P.I 0.50 0.74 0.76 0.91
Mgt 0.74 0.56 0.56 0.41
Be (ppm) 1.2 22 1.6 0.9 29
Rb 20 94 87 11 146
Sr 651 1426 1301 1904 441
Ba 378 1643 1578 904 1444
v 365 36 56 240 30
Cr 327 12 16 14

Co 59 7 6 26

Ni 118 14 17 19 5

Cu 51 12 12 61 5

Zn 122 109 101 86 101
Y 242 35.8 34.1 33.0 27.8
Zr 246 402 358 94 617
Nb 55 116 110 40 140
Hf 6.1

Ta 4.42

Th 3.66 8.51 13.00 6.00 14.00
U 1.1

Pb 12.7 5.8

Ga 20.99 23.10 23.00 16.00 24.00
La 36.0 100.6 96.8 11.2 116.9
Ce 80 202 181 41 209
Pr 10.1 22.7

Nd 43.4 85.3 79.7 41.2 67.1
Sm 8.9 15.7 14.2 11.9 10.8
Eu 2.85 4.67 4.62 439 2.73
Gd 7.5 9.8 10.8 9.3 7.6
Tb 1.04

Dy 5.4 7.5 6.9 7.0 53
Ho 0.9

Er 22 33 2.9 2.6 2.6
Tm 0.3

Yb 1.7 2.6 2.5 1.6 2.4
Lu 0.25 0.35 0.41 0.21 0.40
Zr/Nb 4.47 3.37 3.25 235 441
7St /*°Sr) 10a 0.7037

Fe,0;*: total Fe as Fe**; L.O.L: Loss on ignition; D.L: Differentiation index (D.L: = Y Qtz+Or+Ab+Ne+Lc, CIPW norm); P.L: Peralkaline index (P.I. = molar

[NaQO + Kzo] /Alez)
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Figure 8. Compositions of studied rocks in Total alkali-silica (TAS) diagram
(4) ([28]) and (B) ([31]).

A studied basaltic lava @ studied felsic lava
A . o
* basaltic lavas v | felsic lavas
B studied intermediate lavas O
O intermediate lava
—_— 0.5 gt
10 --ﬁ\ L Mgo | A A‘ P20s 1
0.6 Ta-—=-=—="" .l o
0.4 + 85 -
5 - \
024 3 |
o,
’ i %O
0 1 - 0.0 T+t S
- 1071 Nazo T
10 L 8+ +
- 61 -0 PPo 1
5 4 1 _m [
44 A - -
r e\ |
2%__. T g__;...‘.:,m;....;,..O;.g.;__
56 1 ot K20 ,/6.000 I
18] f S 1
16 4 T 31 el T
-
o I T
12 4 1 'Mﬂ-’-’-’-’-’-’-’-&H-H-H-'-H--
4 I 1044 )5’\ ca0o +
3 I s
- 5 | \\\ |
. & -
11 + N5
0 O et
40 45 50 55 60 65
SiO; (Wt.%) SiO; (Wt.%)

Figure 9. Harker diagram for major elements of the studied rocks (the
others data used are from the same sector [3].

Major elements: The contents of Sr and Ba increase from
basaltic lavas to the intermediate lavas and then fell sharply
in felsic lava. In the major elements Harker diagram (Figure
9) several data from the previous Djinga Tadorgal study [3]
are used for comparison and to establish the compositional
trend. Overall, the compositional trend is similar. The
amounts of TiO,, Fe,05*, MgO, CaO and P,0s5 decrease with
increasing SiO, contents. While AL,O;, K,O and Na,O
increase with differentiation.

Trace elements: The contents of Sr and Ba exceed
respectively 1300 ppm and 1500 ppm in benmoreites.
Differentiated lavas such as benmoreites and trachyte from
Djinga Tadogal are poor in transition elements (V, Cr, Co, Ni,
Cu). These elements are more concentrated in basanite
(Table 10). The values of Zr/Nb ratios are similar in basanite
(4.47) and trachyte (4.41); but just below 4 (Zr/Nb: 3.25-
3.37) in benmoreites. The primitive mantle [27] normalized
REE patterns for the studied rocks are subparallel (Figure 10).
The normalized REE pattern for trachyte displays a spoon-
shape feature. The primitive mantle normalized multi-
element patterns show for basanite, moderated negative K
and P anomalies. Benmoreites display negative P, Ti and Rb
anomalies. For trachyte, negative P, Sr and Ti anomalies are
presented (Figure 11). One isotopic analysis ((*’St/*°Sr) oma =
0.7037) was performed for the studied benmoreite (sample
207).
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Figure 10. Representative primitive mantle-normalized [27] REE patterns
for basalt, benmoreite, trachyte and kaersutite megacryst from the Tignere
volcanic domain.
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Figure 11. Representative primitive mantle-normalized [27] multi-element
patterns for basalt, benmoreite, trachyte and kaersutite megacryst from the
Tignere volcanic domain.
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5. Discussion

5.1. Evidence of Cogenetic Origin and
Inferences Concerning Crystallization

It is crucial to establish that the rocks selected for this
study are related to each other by a genetic process that can
be defined and tested explicitly. Thus, according to their
coexistence in the same massif; their similar Zr/Nb ratios (~
4.4) and their subparallel primitive mantle-normalized REE
patterns, the basaltic and trachytic magmas from Tignere
volcanic domain were derived from the same source.

For benmoreite, the value of Zr/Nb ratios is low (~ 3.3),
whereas these rocks occurred in the same environment.
However, the trace elements variations such as subparallel
primitive mantle-normalized REE and the linear trends in the
Harker diagram (oxides-oxides distribution; see Figure 9)
could be used to justify the cogenetic origin of the studied
rocks. The value of the isotopic ¥'Sr/**Sr ratio (0.7037)
recalculated for 10 Ma for benmoreite, involves the absence
of the significant crustal contamination.

Hydrothermal fluids can react with pre-existing minerals to
generate others, as evidenced in basaltic lavas with the
destabilization of amphibole into Fe-Ti oxides and rhonite [3]. In
upper mantle-derived rocks, hydrous minerals (such as amphibole)
give Information on the nature of the metasomatic event(s) [32].

5.2. Kaersutite Megacrysts Origin

The studied kaersutite megacrysts hosted in the benmoreite
may represent (1) products of interaction of the magma with
peridotitic wall rocks, (2) residual minerals from the ambient
mantle, (3) igneous minerals that crystallized directly from
the alkaline melt [33].

Two different types of amphibole (disseminated and vein
amphibole) are described in mantle environments [34] and
references therein). Disseminated amphibole from peridotite is
typically in textural equilibrium with the host peridotite. The
second type of amphibole is associated with metasomatic veins
in mantle rocks. This amphibole was formed during an episode
of modal metasomatism [35] caused by migration of
subduction-related aqueous fluids from a shallow continental
lithospheric mantle [36]. The primitive mantle-normalized
REE pattern for the studied kaersutite megacrysts falls in the
vein amphibole field (Figure 12). The majority of amphibole is
optically homogeneous and unzoned with the absence of
significant chemical zoning in kaersutite megacrysts and
phenocrysts. These are typical for crystallization under similar
physicochemical conditions. According to [34], hydrous veins
with a solidus temperature lower than the ambient mantle will
be the first to melt. This initial melting event will possibly
generate hydrous phase-bearing mafic lavas [37] in which the
hydrous phenocrysts may preserve the signature of the small
metasomatic domains that yielded the alkaline melts. The
kaersutite megacrysts are probably generated from a similar
magma which has likely stagnated for a prolonged period in a
H,O-rich magmatic chamber. Temperature, pressure and fO,
would have remained constant during this period [38].

studied kaersutite megacryst
[ veinamphibole (peridotite)
|:] disseminated amphibole (peridotite)

rock / primitive mantle

Pm Eu Tb Ho Tm Lu
Ce Nd Sm Gd Dy Er Yb

Figure 12. Primitive mantle-normalized (McDonough and Sun 1995) REE
patterns for the studied kaersutite megacryst; dark grey field represents vein
amphibole and bright grey field peridotite amphibole ([36]; [34]).

5.3. Modeling the Fractional Crystallization
(FC), Assimilation and Fractional
Crystallization (AFC), and Mixing
Processes

Petrological processes, such as fractional crystallization
(FC), combined fractional crystallization and assimilation
(AFC), and mixing processes, which modify the geochemical
composition of the magma, are graphically programmed on
the basis of differentiation equations (see [39] for details).
Only Rayleigh fractionation is considered. During the AFC
process there is a strict relationship between the amount of
material assimilated and the amount of material crystallized
during cooling of the magma. The program enables the user
to export outputs of linear- or logarithmic-scaled bivariate
diagrams and also rare earth elements (REE) and multi-
element spider diagrams of the modeling results. The sample
127 (basanite) is used as the starting composition (Cy) and
the daughter is the benmoreite. The assimilant (C,) selected
is the upper continental crust [40].
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Figure 13. Effects of AFC, FC and mixing processes on the concentrations
of major elements (A1,0; and K50 vs SiO,).
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Figure 15. Modeling results of FC, AFC and mixing processes; multi-element-spider diagrams.

The theoretical curves for FC, AFC and mixing on figures
13, 14 and 15 have been calculated for F=0.40, the ratio of
assimilated material to crystallized material is selected as
r=0.6. The mixing process proposed is between basanite and
trachyte. A magma mixing occurs when two separated
magmas meet and the product is a single homogeneous or
heterogeneous magma.

These modeling results are not very conclusive for mixing
and AFC, but are acceptable for the FC process, as evidenced
finally by the mass balance modeling for major elements

(Table 11). The results are consistent with the fractional
crystallization from basaltic lava to benmoreite (ol: 6.2; cpx:
18.6; pl: 22.3; ox: 12.3; Yr* = 0.18).

The distribution of the analyzed mineralogical phases
(phenocrysts) in the basaltic lava (data from [3]) is used for
this modelling. Thus, for the studied domain it is possible to
generate benmoreite by fractionation crystallization of
basaltic melt. The least-square mass-balance values are low
(Zr2 = 0.18) and acceptable for the evolutions from basaltic
melt to benmoreite.

Table 11. Results of the mass balance modeling to generate benmoreites.

basaltic lava .
benmoreite measured

benmoreite calculated

measured

120 207 ol cpx ox plagio A A*A
Fractionation % 0.062 0.186 0.123 0.223
Si0, (wt.%) 45.02 54.54 39.92 49.30 0.10 50.29 54.55 -0.01 0.00
TiO, 3.61 141 1.33 22.9 1.34 0.07 0.00
ALO; 15.48 18.06 0.01 5.97 2.70 29.89 18.01 0.05 0.00
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basaltic lava A
benmoreite measured

benmoreite calculated

measured

120 207 ol cpx 0x plagio A A*A
Fractionation % 0.062 0.186 0.123 0.223
Fe,05* 12.69 6.01 19.61 5.6 63.95 0.56 6.01 0.00 0.00
MnO 0.19 0.19 0.32 0.06 0.71 0.18 0.01 0.00
MgO 6.10 1.86 39.83 14.16 1.97 1.86 0.00 0.00
CaO 9.05 4.62 0.19 21.79 13.81 4.63 -0.01 0.00
Na,O 349 5.26 0.39 5.90 5.15 0.11 0.01
K,O 1.31 3.64 3.23 0.41 0.17
Total 96.94 95.59 99.88 98.60 92.33 100.45 94.95
S 0.18

Sample 120 ([3]); ol: olivine; cpx: clinopyroxene; ox: Fe-Ti oxide; plagio: plagioclase

6. Conclusions

The results of our study involve fractional crystallization
processes. This fractional crystallization from basaltic melt to
benmoreite are performed without significant crustal
contamination ((*’St/**Sr);oma = 0.7037). Hydrous minerals
(such as amphibole) give Information on the nature of the
metasomatic event(s) in upper mantle-derived rocks.
Kaersutite megacrysts are likely generated during a long
period in a H,O-rich magmatic chamber under the constant
temperature, pressure and fO, conditions.
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