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Abstract

The Deou granite belongs to the late granitoid group. Its structures are there-
fore important for interpreting the emplacement mechanisms and deducing
the tectonic regime that prevailed at the end of the Eburnean orogeny. The
aim of studying this pluton is to understand the mechanisms that prevailed at
the end of the Eburnean orogeny. The petrographic and geochemical study
reveals that the Deou granite is an alkaline granite belonging to the A-type.
Magnetic susceptibility values show that the pluton is essentially ferromag-
netic due to the presence of magnetite. Magnetic fabrications measured in the
laboratory show foliations that are always steeply dipping and lineations that
are steeply plunging in places. These steeply dipping lineation zones can be in-
terpreted as the magma feed zones par excellence of the pluton. These fabrics
are where the plutons are emplaced, since the microstructures observed are
essentially magmatic. The fabrications of the Deou alkaline granite obtained
from measurements of magnetic susceptibility anisotropy and the various ge-
otectonic diagrams used show that the granite was emplaced in a diapiric con-
text. This suggests anorogenic emplacement. These data confirm the post-oro-
genic nature of the Deou granite, which did not undergo any major reworking
after emplacement.

Keywords

Deou, Eburnean, Puton, Rheology, Magnetic Fabric

DOI: 10.4236/0jg.2026.165013 May 8, 2026 243

Open Journal of Geology


https://www.scirp.org/journal/ojg
https://doi.org/10.4236/ojg.2026.165013
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0009-0005-9374-0327
https://doi.org/10.4236/ojg.2026.165013
http://creativecommons.org/licenses/by/4.0/

A.S. Traoré et al.

1. Introduction

Granitoids make up around 70% of the bedrock of the Man/Leo Shield (Figure 1)
[1], where the geological formations are essentially Palaeoproterozoic in age [2]-

[9].
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Figure 1. Simplified geological map of the Man/Leo Shield [1].

According to the radiometric ages obtained, Tonalite, Trondhjemite, and Gran-
odiorite (TTG) granitoids and biotite granites were emplaced during the Ebur-
nean orogeny [10]-[12], whereas alkaline granites are late and generally post-oro-
genic [13]-[15]. The outcrops of the latter are very discrete in the field, so most
suggestions about their geodynamic contexts are based on petrographic and geo-
chemical studies. However, a few structural studies of granites have been carried
out effectively in the Man/Léo shield, notably in Niger [16] and Burkina Faso [17]-
[22].

The present study focuses on the reconstruction of the emplacement mecha-
nisms of the Deou granite pluton in northern Burkina Faso and its position in the
Eburnean orogeny. This analysis of the alkaline pluton will be based on petro-
graphic and geochemical characteristics on the one hand, and on the use of the
Magnetic Susceptibility Anisotropy (MSA) technique and the examination of mi-
crostructures on the other hand.

Diapiric emplacement implies stress-free emplacement by gravitational uplift,
with structures that are consistent with those of the surrounding rock and con-

centric foliation within the granitoid.

2. Regional Geological Context

The study area is made up of metavolcanic and metasedimentary rocks that form
more or less narrow belts cut by vast batholiths of TTG-type granitoids. All the

belts and the TTGs were cut at different times by second-generation granitoids,
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mainly calc-alkaline [2] (Figure 2(A)). The first major period was between 2.150
and 2.130 Ga, with the emplacement of plutons along shear zones [12]. The sec-
ond period runs from 2.117 to 2.095 Ga and corresponds to the emplacement of
gigantic batholiths in the center of the country [12]. Finally, the alkaline granite
and syenite plutons, which are generally small in size and are thought to have been
emplaced between 1.889 and 1.819 Ga [12] [23], are considered to be completely
late.

The Deou pluton (Figure 2(B)), the subject of this study, belongs to the latter
group. The Deou granitic pluton, located between longitudes 0.60°W and 0.80°W
and between latitudes 14.55°N and 14.80°N, has been mapped as an alkaline gran-
ite [24] and would therefore belong to the latter group. It is intrusive in a host
rock composed of metavolcanic and metasedimentary rocks and TTGs. To the
north, it is unconformably overlain by the Neoproterozoic formations of the
Taoudeni basin (Figure 2(B)).
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Figure 2. (A) Simplified geological map of Burkina Faso showing the study area [12]; (B) Map of the Deou pluton

and its surrounding area [24].

3. Methodology

The Deou pluton was cored in the field using a portable two-stroke drill. At each
sampling station, two to three cores were taken for petrographic, microstructural,
geochemical, and magnetic studies. At each sampling site, which is georeferenced
by coordinates (longitude, latitude) using a GPS (Global Positioning System) re-
ceiver, a minimum of two cores samples, each between 7 cm and 10 cm in length,
are collected at intervals of a few meters. Before extraction, the core is oriented in
azimuth, dip, and dip direction (Figure 3(a)). The orientation obtained is indi-

cated by drawing an arrow and extending it along the core’s generatrices; the di-
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rection of the arrow indicates the dip direction (Figure 3(b)).

In the laboratory, the cores are cut perpendicular to their axis, taking into account
the ratio h = 0.88 x d, where d is the core diameter (inner diameter of the core). This
h/d ratio for a cylinder is the one that most closely approximates the shape of a
sphere (Figure 3(b)). In practice, d = 25 mm and h = 22 mm. Two cylindrical sam-
ples per core are used for laboratory measurements. A total of 64 sites were sampled
for magnetic susceptibility anisotropy (MSA) measurements. The majority of these
sites (61) are located in the Deou pluton and the other three in the nearby host rok
due to the poor quality of the outcrop within the host rock. Numerous studies have
shown that the ASM fabrics are coaxial with the mineral fabrics [25] [26]. The mag-
netic lineation corresponds to the K1 axis of the magnetic susceptibility ellipsoid,
and the K3 axis corresponds to the pole of the magnetic foliation.

The geochemistry was based on mineral analysis using the Camebax SX 50 elec-
tron microprobe at the Geosciences and Environment Laboratory in Toulouse
and chemical analysis data on total rock (ALS-Chemex). The magnetic studies
focused on characterising the magnetic mineralogy using CS2 and measuring the
magnetic susceptibility and anisotropy of magnetic susceptibility using the Kap-

pabridge KLY-3 in the same laboratory.

Figure 3. Sample collection procedure for ASM measurements. (a) orientation using a
compass and clinometer; p is the direction of the plane perpendicular to the core axis (p’=
p + 90) and a are the azimuth and dip of the core axis; the line along the core represents
the vertical plane passing through the core axis, and the arrow above the core indicates the
direction of dip parallel to p’; (b) Samples Al and A2 are collected from core A; two addi-
tional samples are collected from core B, resulting in 4 samples per site, Ze., a rock volume
of 4 x 10.8 cm?; Pieces A3 and B3 may provide additional ASM samples and are also used
for preparing thin sections and determining microstructures; (c) The ASM measurement
provides the declination and inclination of each axis relative to the sample axes. d: Using
p’ and a, the ASM ellipsoid is calculated relative to the geographic reference frame [26].
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4. Results
4.1. Petrographic Character of the Host Rock of the Deou Pluton

The host rock consists mainly of quartz sandstone and metabasalt. The quartz
microdiorite is leucocratic, micrograined, and composed mainly of amphibole,
biotite, plagioclase, and quartz (Figure 4(a)). The metabasalts are greenish, mi-
crolithic porphyry, containing plagioclase phenocrysts (2 mm - 4 mm) in an al-
most entirely chloritized matrix of amphibole and biotite (Figure 4(b)). The sand-
stones (Figure 4(c)) are composed mainly of quartz with a blunt edge, evidence
of a slightly significant transport (Figure 4(d)), and represent a minor compo-

nent.

Figure 4. The main facies of the surrounding Deou granite (Amp: amphibole; Bio: biotite; P1: plagioclase;

Qz: quartz; Qz-Mcb: quartz-micas blancs; Op: opaque.)

4.2. Petrographic and Geochemical Characteristics of the Deou
Pluton

4.2.1. Petrographic Characteristics of the Deou Pluton

The granite outcrops in the form of hills and is rarely flush with the ground. The
rock is leucocratic with a pink heterogranular background (0.5 mm - 4 mm), but
microscopic examination distinguishes a non-granophyric facies (Figure 5(a)-
(c)) and a granophyric facies (Figure 5(b), Figure 5(d)), to which a rosette facies
is added (Figure 5(e)). However, apart from the proportion of minerals, the min-
eralogical assemblage is the same for all facies: amphibole-biotite-potassium and

quartz feldspars.
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Figure 5. Main facies of the Deou granite seen under microscopy; same legend as the previous figure; (a) Non-granophyric coarse
facies; (b) Granophyric coarse facies; (c) Non-granophyric fine facies; (d) Granophyric fine facies; (e) Rosette facies.

4.2.2. Geochemical Characteristics of the Deou Pluton
The Deou granite is classified as an alkaline feldspar granite in the Q-A-P [27]
normative diagram (Figure 6). The alkaline nature of the feldspars is confirmed

by geochemical data (Figure 7).

DOI: 10.4236/0jg.2026.165013

248 Open Journal of Geology


https://doi.org/10.4236/ojg.2026.165013

A.S.Traoré et al.

Gfa
20

60

Granitoids
rich in quartz

SG

MG

[ | w |

A /Sfa/ Syenite |

Monzonite

10

35

Figure 6. Diagram Q-A-P [27] showing representative facies of the Deou granite; MG:
Monzogranite; GD: Granodiorites; TO: Tonalites; MDQ: Monzodiorite quartzique; DQ:
Diorite quartzique; D: Diorite; MD: Monzodiorite; Sfa: Syenite a feldspath alcalin; Sqfa:

Syenite quartzique a feldspath alcalin; SQ: Syenite quartzique; MQ: Monzonite quartzique;
Gfa: granite a feldspath alcalin; SG: Syéno-granite; QZ: Quartzolite.

Or

Figure 7. Composition of plagioclases in the coarse non-granophyric facies of Deou (De
72 = solid squares; De 98 = empty squares) and fine-grained granite (solid triangles = De
60) in the Or-Ab-An diagram. An = anorthite; By = bytownite; La = labrador; And = an-
desine; Ol = oligoclase; Ab = albite; Anor = anorthose; Sa = sanidine; Or = orthose.
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It is peraluminous (A/CNK between 1.29 and 1.39) (Figure 8), siliceous (74 <
Si0O, < 77), sodi-potassic (7 < Na,O + K,O < 9) with moderate CaO (0.51 - 1.13),
Fe203 (1.7 - 3.67), and MgO (0.02 - 0.16) contents (Table 1). Zr, Nb, Y, Ga, Ce,
and Ta contents are high, with Zr + Nb + Ce + Y > 400 ppm, typical of alkaline
granites, while the Eu anomaly (Eu/Eu* < 0.7) remains negative, reflecting the de-
pletion of residual plagioclase or alkaline feldspar. In the diagrams [28], it unam-

biguously occupies the domain of type A granites (Figure 9).
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Figure 8. Chemical discrimination in the A/CNK diagram [AL:Os/(CaO + Na;O + K:0)]
as a function of SiO: in the Deou granite.

Table 1. Analytical and normative data on the total rocks of the Deou granite.

Samples De 79 De 98 De 50 De 58 De 08 De 51 De 61 De 69
Non- Non- Coarse Coarse Non- Granophyri  Rosette-  Rosette-
Petrography granophyric  granophyric  granophyric  granophyric  granophyric caplitic  like aplitic like aplitic
coarse facies  coarse facies facies facies coarse facies facies facies facies
Major elements
(%)
SiO; 75.7 74.4 75.3 75 76.3 74.1 74.5 73.3
TiO: 0.15 0.15 0.14 0.27 0.21 0.28 0.26 0.22
ALO; 11.55 11.85 11.15 11.75 10.75 11.55 11.05 11.3
Fe:Os 1.7 1.69 1.82 3.62 2.18 3.67 3.18 291
MnO 0.04 0.03 0.05 0.08 0.05 0.07 0.08 0.06
MgO 0.07 0.16 0.06 0.06 0.07 0.06 0.12 0.02
CaO 0.51 0.64 0.45 1.13 0.61 0.96 0.63 0.92
Na.O 3.68 3.58 3.83 4.24 3.81 4.07 4.27 4.09
KO 4.62 4.78 3.97 3.61 3.92 3.26 3.21 3.55
Na;O + K:O 8.3 8.36 7.8 7.85 7.73 7.33 7.48 7.64
P>0Os 0.02 0.02 0.02 0.03 0.01 0.02 <0.01 0.01
LOI 1.1 1.58 0.8 0.89 0.79 1.96 1.69 1.38
Total 99.2 98.88 97.7 100.68 98.9 100 99.1 98.76
A/CNK (mol.) 1.31 1.32 1.35 1.31 1.29 1.39 1.36 1.32
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Continued

Normes (%)

Q 34.89 33.92 38.27 34.75 39.51 36.08 37.42 35.49
Or 29.06 28.25 24.26 21.33 23.68 19.27 19.51 20.98
Ab 31.1 30.29 33.44 35.88 32.89 34.44 37.09 34.61
An 2.17 2.15 1.52 2.37 0.64 3.617 1.52 1.99
C 0 0 0 0 0 0 0 0
Di Wo 0.41 0 0.18 0.84 0.21 0.244 0.36 0.77
Dien 0.35 0.38 0.15 0.32 0.18 0 0.3 0.11
Di fs 0 0.22 0 0 0 0.036 0 0
Trace elements
(ppm)
Cr <10 <10 <10 <10 <10 <10 <10 10
Ni 2 <1 2 <1 2 <1 2 <1
Co 132 146 144 148 183 146 138 108
Ga 23.1 21.8 25.7 22 18.3 21.8 22 23.4
\Y% 11 5 <5 <5 <5 <5 11 <5
Pb 12 20 13 10 <2 9 4 8
Rb 164.5 156 144.5 85.9 75.8 76.3 94.1 101.5
Cs 3.95 3.15 1.95 0.98 0.19 0.76 0.84 1.51
Ba 785 736 607 742 1435 908 933 732
Sr 32.1 454 43.5 89.9 35.6 110 90.2 84.6
Ta 1.4 1.4 2.3 1 0.7 0.8 1.1 1.4
Nb 17.2 17.2 25.3 14.7 10.3 13.7 15.3 18.2
Hf 9.5 8.8 11 13.6 9.3 13.8 14.1 13.9
Zr 303 256 310 508 365 530 534 509
Y 68.6 63.8 102 81.4 58.2 87.6 93.8 84.9
Th 5.9 5.97 7.73 5.43 3.29 5.1 5.59 6.14
U 2.22 2.73 2.74 1.88 0.86 1.72 1.97 2.32
Zn 151 163 147 124 80 116 111 141
Cu 9 9 <1 4 <1 3 <1 2
w 708 796 700 826 931 807 717 587
Sn 4 12 4 3 1 2 4 3
Sb 0.24 0.48 0.18 <0.05 <0.05 0.08 <0.05 0.12
Samples De 79 De 98 De 50 De 58 De 08 De 51 De 61 De 69
Rare earths
elements(ppm)
La 43.7 36.2 44.7 39 34.3 43.6 62.7 43.6
Ce 92.9 77 111 87.6 78.8 90.8 124 93.1
Pr 12.2 10.05 12.8 11.35 10.75 12.35 17.95 12.2
Nd 48.5 40.6 52.5 46.1 45.2 51 73.2 49.9
Sm 11.45 10.05 12.95 11.5 10.55 12.55 16.95 12.4
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Continued
Eu 1.7 1.4 2.37 2.5 1.95 2.8 3.95 2.73
Gd 12.5 10.4 15.2 12.95 11.5 14.2 19 13.3
Tb 2.1 1.8 2.85 2.29 1.95 2.49 3.14 2.39
Dy 12.3 11.2 17.5 14.1 11.35 15 18.25 14.9
Ho 2.54 2.37 3.8 2.99 2.35 3.16 3.84 3.19
Er 7.86 7.27 11.45 9.09 6.63 9.3 11 9.58
Tm 1.11 1.1 1.71 1.33 0.95 1.32 1.6 1.41
Yb 7.28 7.16 10.7 8.65 5.91 8.37 9.97 9.38
Lu 1.1 1.1 1.65 1.28 0.92 1.26 1.49 1.4
Y + Ce + Zr + Nb 481.7 414 548.3 691.7 512.3 722.1 767.1 705.2
ZREE 257.24 217.7 301.18 250.73 223.11 268.2 367.04 269.48
(La/Yb)N 4.8 4.04 3.34 3.61 4.64 4.17 5.03 3.72
Ew/Eu* 0.43 0.42 0.52 0.62 0.54 0.64 0.67 0.65
300 T T T T T T 100,
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Figure 9. Discrimination diagram between I, S, M-type and A-type, in which the Deou
granite is plotted [28].
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4.3. Microstructures

Microscopically, almost all the microstructures of the Deou pluton are acquired
in the magmatic state, marked by + lobate quartz, free from any trace of recrystalli-
sation, and automorphic feldspars (Figure 10(a)~(b)). This once again confirms
the late-tectonic nature of the Deou pluton. Only a few sites show a low-temper-
ature solid-state microstructure, marked by quartz banding with sub-grain recrys-
tallisation at the edges of the large crystals, giving rise to a “core and mantle” type
structure (Figure 10(c)), which is the expression of weak deformation that some-

times occurs at the end of crystallisation in any plutonic massif.

Figure 10. Microstructures of the Deou alkaline granite; same legend as the previous figure.

4.4. Magnetic and Structural Characteristics

4.4.1. Scalar Data for Magnetic Susceptibility and Thermomagnetism

At the scale of the pluton, susceptibility has a random map distribution (Figure
11), as already observed by other authors on granitic plutons in Burkina Faso [17]-
[22]. This is due to the presence of magnetite, as can be seen from the various ther-
momagnetic curves (Figure 12), where there is a sudden drop in temperature at

580°C, characteristic of this mineral.
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Figure 11. Map of the magnetic susceptibility (km in pSI) of the Deou alkaline granite and
its surrounding area.
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Figure 12. Thermomagnetic curves for several sampling sites in the Deou alkaline granite.
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4.4.2. Directional Magnetic Susceptibility Data and Structural Analysis

1. Magnetic Foliation

The general shape of the foliation is more or less concentric, although some

sites show foliations that are completely secant or even almost orthogonal to this

general layout (Figure 13). The foliation of the host rock is completely secant to

that of the pluton. The internal foliations of the pluton, which are discordant with

the others, probably correspond to the planar fabrications of the late-magmatic

veins. It is at these sites that the textures are granophyric.
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Figure 14. Lineation map and stereogram of the density contours of the Deou alkaline granite.

2. Magnetic Lineation

For lineation, the dip is considered shallow for values < 30°, moderate for values

between 30° and 60°, and steep for dips = 60°. The azimuths of the lineations
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roughly follow the directions of the foliations, with low to medium plunges, except
for a few sites (12%) where the lineations are sub-vertical (plunge > 60°) (Figure
14). These zones of high plunge are interpreted as pluton-feeding zones [17] [29]
[30] while the zones of medium plunge reflect the finite extension of the magma
at the time of crystallization [17] [29] [30]. In our case, this direction would be
WNW-ESE to W-E, which is one of the directions followed by certain late frac-

tures in the Deou zone.

5. Discussion
5.1. Setting Up Conditions

The sub-circular Deou pluton outcrops in a host rock composed of metavolcanic
and metasedimentary rocks and TTG-type granitoids. It is unconformably over-
lain by Neoproterozoic quartz sandstones to the north. Petrogeochemical analyses
(Figure 5) show that this is indeed an alkaline granite. Furthermore, the plagio-
clases in the various facies consist entirely of albite (Figure 6). Whose granophyric
texture argues in favour of this and also indicates emplacement at a relatively high
level in the crust [31]-[33]. The formation of this texture is interpreted as the result
of eutectic crystallisation of a water-rich silicate magma that underwent rapid
cooling [34] [35].

The pluton feed zones are somewhat scattered at this scale, but the most exten-
sive is in the north. The low plunge values, indicating the direction of magma flow,
give a WNW-ESE to W-E direction.

5.2. Positioning in the Eburnean Orogeny

Studies conducted on the Dori granitoids in north-eastern Burkina [22] and at
Bouabou in south-eastern Burkina [36] show that the orientation of their foliation
is concentric, indicating diapiric emplacement. However, their elliptical shape, the
concordance of their foliation with their host rock, and the presence of solid-state
deformation microstructures in their vicinity suggest that this diapirism is driven
by regional tectonics.

In the Déou area, the structure (foliation and lineation) inferred from meas-
urements of magnetic susceptibility anisotropy is predominantly magmatic and
is therefore linked to the mechanisms that prevailed during the emplacement of
the Deou granite pluton. As the foliation is concentric, this is characteristic of
diapiric bodies formed in anorogenic or orogenic settings [7] [37]. In the specific
case of the Deou pluton, the context would appear to be anorogenic since the
few structures measured in the host rock are discordant with that of the pluton
(Figure 13). Furthermore, the fact that it belongs to the A-type granite group
indicates that the Deou granite is either anorogenic or was emplaced in a context
of extension [38]. This post-orogenic character is also confirmed by the position
of the Deou granite in the geotectonic classification diagram [39]. In this dia-
gram, the Deou granite is positioned in the compositional range of post-oro-

genic to anorogenic granites (Figure 15).
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Figure 15. Geochemical discrimination diagram of the Deou alkaline granite [39].

Diagrams [40] [41] (Figure 16 and Figure 17) show that all the samples are in

the field of intra-plate granites. This confirms their position at the end of the orog-

eny.
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Figure 16. Geotectonic characterization diagram [40].
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Figure 17. Geotectonic characterization diagram [41].

Based on these data, we can propose the following model for the emplacement
of the Deou granite (Figure 18).

++ + ++ +

++++++ +

+4+ ++++4+ +

Note: 1: Lithospheric mantle; 2: Volcanic metalaves; 3: Deou granite.

Figure 18. Depositional model of the Deou alkaline granite.

6. Conclusion

The Deou granite is a heterogeneous alkaline granite. It is a peraluminous type A.
The concentric fabrication of the Deou granite, coupled with the unconformity
between the foliations of the pluton and the host rock, indicates diapiric emplace-
ment in an anorogenic context. This suggests that the alkaline Deou granite was

emplaced after the paroxysmal episode of the Eburnean orogeny.
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