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Abstract

This study focused on the interpretation of geophysical data collected from
the Sissedougou prospect which is located at the southern end of the Kor-
hogo-M’Benguebirimian trench. The geophysical surveys were carried out on
Environment Protection, 10, 32-45. two grids with two magnetometers and an induced polarisation unit com-

https://doi.org/10.4236/gep.2022.1010003 posed of a transmitter and a receiver. The magnetic data allowed on one side

the mapping of basic, intrusive and volcanic formations, weakly magnetic
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identify the continuity of the shear corridor observed southward and north-
ward of the prospect. Induced polarisation data revealed the signature of sul-
phide and disseminated mineralization. The synthesis of the obtained results
showed that deep NE-SW, NNE-SSW and N-S oriented fractures promoted
the late rise of sulphide fluids. The setting of sulphide and gold mineraliza-
tion in the southern part of the Boundiali trench is therefore controlled by
ductile and brittle shearing.
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1. Introduction

In Cote d’Ivoire, sulphide gold mineralization is generally associated with green-
stone belts which generally form an NNE-SSW oriented volcano-sedimentary fur-
row (Milesi et al., 1989; Allou, 2014; Coulibaly, 2018). The Korhogo-M’Bengue
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trench is a typical example because it contains, in its northern part, the Tongon
gold deposit which is controlled by hydrothermal fluids (Fofana et al., 2021).
Similarly, mining exploration work carried out on the Sissedougou prospect,
which is located south of the Boundiali-Tengrela trench, has also revealed oc-
currences of gold mineralization (Doumbia, 2013).
Thus, this work aims to contribute to the improvement of knowledge on the
setting up mode of gold sulphides mineralization in the southern part of this

trench based on geophysical data.

2. Geographical and Geological Context

Both studied sites are located southward of Boundiali, northern Céte d’Ivoire
(Figure 1). They are situated at the southern end of the Boundiali-Tengrela and
Korhogo-M’Benguebirimian furrows, which extend into Mali and Burkina Faso
through the Bagoue basin (Yacé, 2002). According to Couture (1968) & Doum-
bia (2013), the geology of this area is composed of meta-sediments, orthogneiss
and micro-diorite, porphyroid granite and calc-alkaline granite, to which
quartzites and volcano-sediments are associated. The meta-sediments, which oc-
cupy most of the prospect, are composed of undifferentiated schists,
meta-conglomerates and meta-arkoses; all affected by greenschist facies meta-

morphism (Figure 2). However, orthogneisses occur in the eastern part, while
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Figure 1. Location of the study area.
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Figure 2. Geological map of the study area (Tagini, 1971).

quartzites and meta-microdiorites occur in the north and west as well as south
area, respectively. Porphyroid granites are also observed in the southern part of

the prospect and extend to the west.

3. Methodology
3.1. Magnetometry

Magnetic data were acquired with a 100 x 25 meters survey grid. Two G858 Sx
Cesium magnetometers from Geometric were used, one in walk mode and the
other one at the base station, the values of which were used for diurnal correc-
tions. Afterwards, Fast Fourier Transform (FF7) filters were applied to the field
values to produce different magnetic anomaly maps:

Reduction at the equator (REQ) was applied to correct the asymmetry of the
signals created at low latitudes in order to facilitate the interpretation of the
magnetic sources.

According to Verduzco et al.,, (2004), this correction is made with the follow-

ing equation:

[sin(l)—i-cos(l)~cos(D—6’)]2[—cosz(D—Q)]

sin?(1,)+cos’(1,)-cos’ (D—) ][ sin(1)+cos*(1)-cos’ (D+6) |

REQ(@):[ (1)

where D: is the declination of the geomagnetic field, £ represents the inclination

of the geomagnetic field, Z: is the corrected inclination, & is the latitude of the
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measurement point, 7 = —1.

Upward continuation (Upwc) is a powerful filter that enhances the magnetic
signatures of deep sources by bringing the data measured at a height h, from the
ground surface to a height A, higher than the observation plane. According
toThurston & Smith (1997), the simplified mathematical expression is given by the
Equation (2):

L(r)=e™ )

where /4 is the sensor-to-ground surface distance and r is the magnetic wave
number per unit of measurement.

Tilt Derivation (TDR) is used to emphasise and strengthen long frequency,
short wavelength anomaly signals from shallow magnetic sources. It is very use-
ful in the identification of tectonic structures. Miller & Singh (1994) described
the derivative of Tilt which was later developed by Salem et al. (2008) as equa-
tion (3). It is a function of the ratio between the vertical (first) and horizontal (x

and y directions) derivatives:

TDR =arctan VDR 3)
THDR
with VDR (vertical first derivative):
vbr=F (4)
oz
and THDR (Total Horizontal Derivative):
2 2
THDR = (d—Fj + ar (5)
dx dy

where Fis the value of the total magnetic field.

3.2. Induced Polarisation (IP)

For the surveys (IP), a transmitter (5000 watts) from Canadian GDD instru-
mentation and an IP receiver (ZElrec Pro) from Iris instrumentswere used in time
domain with rectangle gradient device. The injection cycle was 8 seconds and is
provided by a bipolar wave with polarity inversion. In this mode, the IP effect is
obtained, by the ratio of the maximum primary voltage (V5) during injection
and the secondary voltage ( V(?)) at current cut-off. The apparent resistivity (p.)
is obtained with the following Equation (6):

P = VTPX 21K (6)

where £ is the current value, K: the geometrical characteristics of each measur-
ing station.

The secondary potential ( Vi(#) is integrated under ten (10) time windows, A/;
to Mo, and are defined by Equation (7) (Figure 3):

1% vV
M, == [v (t)dt > M, === (7)
V V
Py p
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Figure 3. Integration of the secondary voltage for a linear distribution (Sagax, 1989).

with M partial chargeability, f and % the integration times of a window.
The corresponding chargeability value is the arithmetic mean of A4 and is de-

termined according to Equation (8):

vy _ 2oy 160ms* M,

8
1600ms ®

4. Results and Discussion
4.1. Magnetometry

The magnetic field of the prospect has an amplitude of 445 (32290-31845)
nanotesla (nT). This is a relatively small intensity, reflecting a quiet magnetic
domain. Nevertheless, the application of the filters allowed us to discriminate
three magnetic facies and important tectonic structures on the two sites (Figure
4). As far as the magnetic facies are concerned, we have identified three (3). The
first highlights a series of fairly strong magnetism located north of the sites (1 &
2). It has an amplitude of 140 nT (32150-32290) and is mainly oriented NE-SW.
This unit covers the northern half of both sites and corresponds to the signatures
of rocks poor in ferromagnesian minerals such as undifferentiated shales repre-
sented on the regional geological map of the Sissedougou prospect. The second
unit is characterised by a medium magnetic intensity with an amplitude of 60 nT
(32090-32150).

It occupies the central parts of the sites and follows the E-W direction. This
unit, which is more extensive at site 2 than at site 1, could be associated with the
meta-arenites, meta-conglomerates and meta-arkoses defining the meta-sediments
on the geological map. These magnetic facies would mark the transition between
the two other units (strong and weak magnetic facies), reflecting a magnetic halo
zone (Figure 4).

The third and last magnetic unit is associated with low magnetic field values
with an amplitude of 245 nT (31845 to 32090). It occupies the southern part of
the prospect and is oriented NE-SW (Figure 4). It corresponds to the deep
magnetic signatures of rocks rich in ferromagnesian minerals such as

meta-gabbros, meta-dolerites and meta-diorites or andesitic lavas shown in
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Figure 4. Reduced magnetic field map to equator.

the southern part of the geological map (see Figure 2). On the map of the re-
duced field at the equator (REQ), this unit is divided into several juxtaposed cor-
ridors between which the first two magnetic units are interspersed. This organi-
sation makes the basic units rather narrow, elongated shapes, the dykes (Figure
4). The Upward Continuation map easily shows that the quartzo-feldspathic en-
semble disappears in depth in favour of a more spread-out basic unit (Figure 5).
His indicates that these acidic units intercalated between the basic rocks do not
develop at depth, but are the magnetic response of quartzo-feldspathic relics
from the contact metamorphism associated with basic intrusion to the south of
the prospect (Figure 4). The magnetic response of these relics is identical to the
signature of facies 2 described above. They are the site of element remobilisation
that favours sulphide mineralization. The disappearance in depth of this unit
makes it possible to establish a relative chronology for the emplacement of the
different lithological units with the gabbro-diorites and dolerite-andesites which
would mark the final phase of the eburnean orogeny (Tagini, 1971).

From a structural point of view, the examination of the magnetic signatures
reveals the presence of two phases of displacement (Figure 6). The first phase is
characterised by a North-South movement. This is marked by faults that affect
all the magnetic facies, causing a shift in the structures from north to south. At
site 1, this phase is expressed by faults that are only oriented NW-SE. At site 2, it
is marked by faults that are mostly oriented NW-SE but, some are NNW-SSE
and N-S.

A second, more recent tectonic phase is marked by NE-SW decays. It affects
the different magnetic facies as well as the faults described above.

This phenomenon causes the banding of different structures through movements,
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Figure 6. Tilt Derivation map.

in the NE and SW directions, which are marked by conjugated axes of disloca-
tion.

The bands, defined by two axes, show a south-eastward slip on their northern
edge, while the southern edge shifts to the north-east; characterising a sinister
shear. These shear bands affect the whole site 1 and the central zone of site 2.
This second tectonic episode thus marks the existence of shear bands which were
mentioned by the Geological and Mining Research Office (BRGM) during re-
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connaissance work carried out between 1988 and 1991 (see Figure 2). Site 1 and
the central part of Site 2 are marked by a NE-SW (N40°) shear.

4.2. Induced Polarization

The electrical data produced apparent polarization (chargeability) and resistivity
maps. The first physical parameter reflects the response of the sulphide miner-
alization and the second characterises the electrical diffusion of the host rock.

The resistivity map shows important conductive and resistive structures. They
are narrow and mainly oriented NE-SW at site 1 and N-S at site 2 (Figure 7).
There is also a resistive axis occupying the centre of site 2 and oriented NE-SW.
The apparent resistivities of the prospect range mainly from 178 to 13483 Q-m.

Figure 8 shows some nice polarisable anomalies with chargeability values
ranging from 8 to 21.1 mV/V. They follow the same directions, namely NE-SW
and N-§, as the resistive structures identified at both sites. Most of the polarising
axis in the prospect is associated with high electrical resistivity structures; with
the exception of a polarising and conductive corridor located to the south of Site
1. From a geological point of view, this association reflects the electrical signa-
ture of sulphides disseminated in a silicified matrix such as quartz veins and
veinlets.

These polarisable structures have also been obtained at the Goumere gold
prospects, located in the Dimbokro-Fetekro trench (Aka, 2018), and in the
greenstone belts of eastern Botswana (Sono et al., 2020). However, it should be
noted that chargeability is higher for graphitic (Heritiana et al., 2019) or cup-
per-nickel (Djroh, 2014) mineralization with values above 30 mV/V.

Four (4) main polarisable axis are highlighted at site 1 (Figure 8). They are
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Figure 7. Apparent resistivity map.
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labelled A; to A4, and are elongated in a NE-SW direction. The A, axis, which is
more expressive than the others, is located in the western part of site 1. It pre-
sents enough distortions, but remains interrupted and develops in the N30° di-
rection. It constitutes the main polarising corridor of Site 1. The A, axis, located
in the centre of Site 1, is discontinuous and shows more distortion than the A;
axis.

It bifurcates in its northern part into two branches of NE-SW direction. Its
intensity decreases from North to South where it reaches 8mV/V. The A; and A4
axis are located to the south of Site 1 and have the same geometrical characteris-
tics as the previous ones, but with a moderate intensity. Overall, axis A; to Aj are
associated with silicified rocks, while axis A4 is linked to a conductive corridor,
which is thought to be the site of accumulation of hydrothermal alteration
products.

Site 2 also has four (4) major polarising axis noted B; to B, (Figure 8). They
are all oriented N-S with the exception of axis Bs;, which develops a second
branch to the north, oriented towards the North-East.

Axis B; and B,, which occupy the western edge of the study area, are discon-
tinuous and form boudins with moderate polarisation intensity. Axis B; occupies
the central part of Site 2, and is fairly continuous compared to the other two and
has a relatively higher polarisation intensity. It shows some distortions due to
the effects of secondary faults. Polarising axis By is located in the south-east and
develops towards the north. It is quite discontinuous and has a weak polarisation
to the north and a medium polarisation to the south (Figure 8).

Axis By, B, and By, are associated with medium resistivity rocks with values

below 3294 Q-m. They are therefore linked to lithological contacts which are
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characterised by intermediate resistivity values. Axis B4 is superimposed on
the signature of a high resistivity rock with values above 5600 Q-m (Figure 8),
a major characteristic of disseminated sulphide-bound gold mineralization.
Indeed, an association of geological elements formed by the dissemination of
gold, pyrite and chalcopyrite in a quartz matrix produces a geophysical sig-
nature of high resistivity and chargeability (Aka et al., 2017; Moreira et al,,
2016).

4.3. Synthetic Analysis

The magnetic data show a better spatial distribution of the geological formations
in this prospect. They locate at depth the basic rocks to the south and the silici-
fied rocks to the north (see Figure 5). On the overlying levels to these two main
units, magnetic transitional facies is interspersed in places, marked by
meta-sediments. This facies reflects the interaction between the basic intrusion
and the schistose host rock, which causes the formation of quartzo-feldspathic
relics that are intercalated between basic corridors, thus creating zones of re-
mobilisation elements (see Figure 6).

The superposition of the polarisable and resistive axis on these geological
units contributes to elucidate the context of the setting of the identified gold
mineralization (Figure 9). At Site 1, the polarisable and resistive axis intersect
the geological units obliquely and make an angle of about 40° with the main
shear direction. This orientation is reminiscent, according to Riedel model, of
the formation of deep openings that would favour the accumulation of silicified
fluid. Thus, the loadable axis associated with the resistive corridors would have
been set up by the stretching created by the stretching shaped by the movements
due to the effects of the shearing that affected Site 1. In fact, the dextral dis-
placements cause deep cracks in the flattening direction (plane oblique to the
direction of the main shear) that are substantially oriented N40°. These would be
filled by residual post-tectonic crystallisation fluids; fluids resulting from the
remobilization of elements and which are known to be rich in silica and poly-
metallic sulphides. The flattening plane being oblique to the main shear direc-
tion, this explains the proximity in orientation of the electrical and magnetic
signatures of Site 1. It is therefore important to note that the polarisable anoma-
lies are not associated with the magnetic units (strong to weak), but rather with
the silicified corridors which are characterized by medium to strong resistivities
(Figure 9). Thus, the secondary polarisable axis A, to A4 of high resistivity,
would be associated with the quartz vein while the main axis A;, of medium re-
sistivity, would be associated with the silicified structures.

For the second site, the direction of the electrical signatures contrasts more
clearly with the geological formations (Figure 9). It’s oriented N-S for the po-
larizable axis and NE-SW for the magnetic units. It is therefore highly unlikely
that the genesis of the gold mineralization at Site 2 was controlled by the lithol-

ogy. In a similar way to the first site, the polarising and resistive axis characterise
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the sulphide and silicified polymetallic concentrations. The latter are also
thought to be emplaced by the deep breaks, in the N-S oriented flattening plane
created by the sinistral NE-SW shear. Indeed, the NE-SW shearing movement
causes open fractures by stretching in the plane oblique to the main shearing di-
rection. These cracks would be filled by post-tectonic crystallization fluids that
remobilise silica and polymetallic sulphides including gold. Thus, the secondary
polarisable axis By, B, and By, of high resistivity, would also be associated with
the quartz veins while the main axis Bs, of medium resistivity, would be linked to
the quartz veins.

In view of the geophysical signatures, the sulphite mineralization at sites 1 and
2 would therefore be linked to a structural manifestation favoured by dextral
transcurrent faults. The case of Sissedougou is similar to that of the Agbahou
gold deposit where the mineralization is controlled by a major NE-SW trending
shear zone that straddles the mafic volcanic and volcano-sediment contact
(Houssou, 2013). According to this author, the shear is transcurrent, reverse sin-
istral and the main faults are oriented NE and NW. The ductile and cracking
character of the shear would have favoured the upwelling of hydrothermal fluids
and the formation of the gold-bearing quartz veins of Agbahou.

The major faults in the study area follow the same directions as those obtained
in the Dabakalaregion by Gnanzou (2014). They strike N-S to NNE-SSW and
NW-SE. Their effects contributed to the emplacement of the Bobosso gold min-

eralisation in the volcano-sediment series.
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Figure 9. Synthesis map: shows the different magnetic domains, the major NW-SE faults
and the NE-SW dextral strike-slip fault that created a sinistral shear corridor. The dis-
placements caused deep openings in the basement where silicified gold sulphides were
deposited by hydrothermalism.
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Furthermore, geochemical studies carried out in the Korhogo-M’Bengué
trench have shown, for the Tongon gold deposit, indications that characterise
hydrothermalism. In this trench, where study’s area is located, the formation of
quartzo-feldspathic veins associated with sulphides, carbonates and sericite
marks hydrothermalism (Fofana et al., 2021). In the Toumodi-Fétékro trench,
these hydrothermal markers have also been highlighted in Agbahou (Houssou,
2013), Bonikro (Ouattara, 2015), Dougbafla (Ouattara, 2018) and Bobosso pros-
pect in Dabakala region (Gnanzou, 2014).

The study of Angovia deposit also revealed brittle deformations of various di-
rections, along which dextral or sinistral decays are often observed, and mineral-
ised quartz veins at the level of the spandrels. The mineralization hosted in the
andesito-basaltic volcanics is therefore favoured by hydrothermalism linked to
NW-SE dextral and NE-SW sinistral conjugate faults (Koffi et al., 2013). There-
fore, the gold mineralization of the Sissedougou prospect would probably be as-
sociated with hydrothermalism as it presents a similar geological and structural

context in a trench dominated by hydrothermal mineralisation.

5. Conclusion

The present study has greatly contributed to the structural knowledge of the
Sissedougou prospect. Magnetometry reveals that its geology is dominated by a
basic intrusion, located in the South and North and composed of meta-gabbro
and/or meta-dolerite, and a quartzo-feldspathic complex in the Centre which is
marked by undifferentiated schists. Between these two units, reworked rocks
characterised by meta-arkoses and/or grauwacke are interspersed. The tectonics
is mainly marked by dextral (NE-SW) striking faults which define a major
NE-SW (N40°) oriented shear corridor. The stretching associated with the de-
formations caused deep openings in the plane oblique to the main shear direc-
tion, which concentrated the polymetallic fluids in polarisable corridors that are
oriented NNE-SSW (Site 1) and N-S (Site 2). Tectonic would thus have fa-
voured the upwelling of hydrothermal fluids in the Sissedougou Birimian for-
mations. It would therefore be important, for future work, to combine 2D re-
verse sections (geophysical) in order to identify not only the geometric char-
acteristics of these sulphide anomalies but also to rationalise the control drilling
for a better evaluation of the reserves. This model of polymetallic sulphide deposit
associated with shear zones provides insights into gold exploration throughout

volcano-sedimentary trenches from subsaharian Africa and elsewhere.
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