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Abstract

In the syenitic pluton of Guider (593 + 4 Ma) in the North-West Cameroon
domain of Central African Fold Belt, mineralized N-S to NE-SW vertical or
sub-vertical quartz and quartz feldspar veins has been recently identified. In
this contribution, we present petrography and mineralogy of these veins, in
order to constrain their genesis and emplacement mechanisms based on de-
tailed field work, petrographic studies and chemical characterization of min-
erals by using an electron probe microanalyser (EPMA). Field observations
and vein microstructures show that the emplacement of the veins has been
controlled by the dextral N-S trending strike-slip shear zones related to the
regional D2 deformation phase. The results of mineralogical analysis reveal
the co-presence of silicates and metallic minerals that include magnetite, il-
menite, pyrite, bismuthite, galena (very rare) and sulphide complexes (BiPbS,
BiAgPbS, FeBiPbCuS, BiFe(TeS), FeBiPbS, BiPbCuS). The gangue is
represented by quartz (quartz 1, quartz 2 and quartz 3), feldspars, sericite,
chlorite, yellowish brown clay minerals, and hematite. The textural relation-
ships between sulphides, quartz and alteration products show that the mine-
ralization is essentially syn- to late-D, and suggest that syenitic country rock
and dextral shear zones have played an important role in the metallogenesis
of these veins. This mineralization shows characteristics for copper-bearing
calc-alkaline deposits, but differs from these by its more extensive alteration
and its abundance in hematite. Substitutions of AI(IV) by Si(IV) in sericite
associated with the sulphide mineralization and cataclastic deformation sug-
gest that the temperature of trapping of the fluids is between 230°C and
275°C.
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1. Introduction

Mineralization associated with more or less differentiated plutonic rocks and
that associated with the concentration of hydrothermal fluids are the main pri-
mary sources of mineral resources on our planet [1] [2] [3]. Sulphides are rare
and occur as ores of arsenic, tungsten, tin, bismuth, tellurium, gold, copper and
antimony; quantitatively, pyrite and/or arsenopyrite are dominant. Gold is in the
form of electrum or maldonite with bismuthinite and bismuth [4] [5].

Prospecting missions carried out on the Garoua East geological reconnais-
sance map in the North Cameroon region by the Bureau de Recherches Géolo-
giques et Miniéres (BRGM) report gold, cassiterite, copper, galene-blende, rutile,
ilmenite and monazite occurrences in sediments of several “mayo” or temporary
watercourses [6] [7] [8]. The origin of these metals remains undetermined, espe-
cially for those located north of the Benue trough, where no metallogenic studies
are carried out, compared to the Poli sector (south of the Benue trough), which
has been the subject of several metallogenic studies [9] [10] [11].

Within the Pan-African syenitic massif of Guider, located north of the Benue
trough, in the northern domain of the Pan-African Fold Belt in Cameroon
(Figure 1), [12] has reported the presence of quartz and quartz-feldspar veins
with various sulphide and oxide mineralization indices.

However, apart from the petrological and structural studies carried out on this
intrusion and its country rocks by [12] [13], no studies are carried out on these
quartz and quartz-feldspar veins. The goal of this paper is to carry out a petro-
graphic, mineralogical study of the quartz and quartz-feldspar veins of Guider
on the one hand, and to constrain their genesis and emplacement mechanisms
on the other hand.

For this purpose, in this paper, we present the results of field and microscope
observations and result of EPMA. Based on these data, we: 1) constrain the geo-
logical context of the emplacement of these veins and its mineralization; 2) dis-
cuss the origin of fluids and mineralization processes; 3) specify quartz genera-

tions and mineralization; 4) define the metal paragenesis and species chronolo-

gy.
2. Regional Geology

The Neoproterozoic basement of Cameroon which covers a great part of the
country is part of the Central African Fold Belt. This orogenic belt formed dur-
ing Brasiliano/Pan-African orogeny by collision between the converging West

African craton, Congo craton and Saharan Metacraton, is mainly subdivided
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Figure 1(b)

Figure 1. (a) Simplified geological map of Cameroon (modified from Toteu et al, 2001
and Tchameni et al, 2006); (b) Geological sketch map of northern Cameroon (modified
from Penaye et al, 2006). (1) Post-Pan-African sediments; (2) Late to post-tectonic
Pan-African granitoids; (3) Syntectonic granite; (4) Mayo-Kebbi batholith: tonalite,
trondhjemite and granodiorite; (5) medium- to high-grade gneisses of the
NW-Cameroon domain; (6) Mafic to intermediate complex of the Mayo-Kebbi domain
(metadiorite and gabbro-diorite) and amphibolite; (7) Neoproterozoic low- to me-
dium-grade volcano-sedimentary sequences of the Poli-Léré Group; (8) Remobilized Pa-
laeoproterozoic Adamawa-Yadé domain; (9) Thrust front; (10) Strike slip fault: TBSZ =
Tcholliré-Banyo shear zone; GGSZ = Godé-Gormaya shear zone; (11) State border.

into three lithotectonic domains in Cameroon, namely from south to north:
South Cameroon domain, Central Cameroon domain or Adamaoua-Yadé do-
main, and North-West Cameroon domain (Figure 1(a); [14] [15] [16]). The
Guider area is a part of the North-West Cameroon domain. This domain is a
narrow and N-S elongate domain located between the Neoproterozoic juvenile
domain of Mayo-Kébbi (SW Chad) to east and Paleoproterozoic Eastern Nigeria
domain to the west (Figure 1(b)). The domain consists of the Neoproterozoic
Poli Group and several generation of granitoid [14]. The Poli group is domi-
nantly constituted of Neoproterozoic medium- to high-grade schists of volcanic

to volcano-sedimentary origin, emplaced between 700 - 665 Ma upon, or in the
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vicinity, of young magmatic arcs [17]. The granitoids, into formation of the Poli
Group, are grouped into pre-, syn- to late and post-tectonic calc-alkaline grani-
toids dated between 660 - 540 Ma.

At the scale of the study area, geological works carried out by [13] [14] shows
that the Neoproterozoic basement is primarily constitutes of composite orthog-
neisses, syenitic pluton and numerous dykes of varying composition including
mafic dolerites dykes, felsic dykes and some quartzo-feldspathic dykes intruding
the previous rocks.

Orthogneissic rocks (627 - 632 Ma) are dominantly made up of metadiorite,
metatonalite and metagranodiorite, describe as basic to intermediate metaplu-
tonic rocks by [18], and minor amphibolite occurring commonly as lenticular
layers within orthogneiss. Because of their macroscopic features of strong de-
formation at solid state, they have been interpreted as a pre-tectonic granitoids.
These formations suffered at least two phases of ductile deformation (D, and
D,). D, fabrics are commonly overprinted by D, and poorly exposed. However
can be seen locally at the hinge of some isoclinal folds, where the foliation S, is
sometimes oblique to the foliation S, of D,. D, phase of deformation, wide-
ly-developed in orthogneissic rocks, is responsible for the development of an S,
foliation, L, lineation, folds F, and shear markers C,. S, foliation is the most
widely developed planar fabric. It is defined by felsic (quartz-plagioclase) layers
alternate with biotite-hornblende layers and preferential orientation of minerals
(amphibole, biotite, K-feldspar, and quartz) that are mainly oriented N-S to
NNE-SSW with steep dip angles. Lineations are commonly mineral lineation de-
fined by alignment of amphibole and plunges mainly to the SSW with a subho-
rizontal angle. Shear sense indicators associated with the D, event (C,) include
asymmetric boudins, asymmetric and sigmoidal quartz aggregates or feldspar
porphyroclasts and asymmetric Z folds revealing dextral strike-slip tectonic.

The syenitic pluton is a small elongated massif in the N-S direction of around
70 km® in the city of Guider (Figure 2). It is dominated by pink and grey syenite
with subordinated quartz-diorite. Pink and grey syenite exhibit a granular tex-
tures with abundant alkali feldspar and variable proportion of Fe-Mg minerals
(amphibole and biotite). Available isotope chronology data attribute an age of
593 + 4 Ma to the Guider pluton (U/Pb zircon; [13]).

The same authors, on the basis of analysis on microstructures and magnetic
fabrics of this pluton and its country rocks, conclude that the emplacement this

pluton is late tectonic.

3. Sampling and Analytical Methods

Sixteen quartz vein and twenty five quartz-feldspar vein samples were collected
from outcrops; but only seven are considered in this study. There are MG3B,
MGI1B and MG2 for quartz veins and MG3D, MG3C, MG1C and MGI1D for
quartz-feldspar veins. Samples were first examined and described on a macros-
copic and mesoscopic scale. Each sample was carefully shoot using a high reso-

lution digital camera. Areas of interest were marked for thin sections making.
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Figure 2. Field occurrences of quartz and quartz-feldspar veins within the Guider syenitic
pluton. (a) Quartz-feldspar vein hosted in syenitc rocks; (b) quartz veins and veinelets
crosscutting the syenitic surrounding rock and forming C/S fabrics; (c) and (d) Hemati-
zated quartz

Textures of sulphide minerals and associated mineral assemblage were observed
on polished thin sections, using the backscattered electron mode (BSE) of Hita-
chi $4800 scanning electron microscope (SEM), equipped with an EDS spectro-
meter at GeoRessources laboratory (Nancy, France) to characterize the parage-
netic assemblages of the samples. The mineral chemical compositions were ob-
tained using an electron probe microanalyser (EPMA) CAMECA SX-100 at
GeoRessources laboratory (Nancy, France). The electron microprobe, type
CAMECA S$X100, is equipped with an electron gun (0.2 to 50 kV), with a
tungsten filament coupled to five wavelength dispersion spectrometers, allowing
the analysis of the elements from Boron to Uranium under the following analysis
conditions (Primary beam: 10 nA, Acceleration voltage: 15 kV, Beam diameter: 2
pm).

The result obtained is compared with a file containing the number of X pho-
tons of the same nature emitted under the same conditions by a compound of
known composition. After correction of the matrix effects, the elementary com-
position of the analyzed area, generally in the range of 1 to 5 um’, is obtained.
The composition is given in percentage of elements (% oxides, % weight or
atomic %). The raw results made it possible to calculate the structural formula of

the minerals.

4. Results
4.1. Field Observations

The mineralized quartz-feldspar and quartz veins occur mostly at the central
part of the Guider pluton. At the surface, they are characterised by 0.3 to 0.6 m

DOI: 10.4236/0jg.2020.103013

239 Open Journal of Geology


https://doi.org/10.4236/ojg.2020.103013

M. Boyabe et al.

thick and length of ~100 mostly directed 10°N - 15°E steeply dip to W (Figure
2(a)) consisting essentially of quartz and more or less altered feldspars. These
veins often present tight shear planes oriented 20°N - 30°E. In the immediate
surrounding rock these tight shear planes are also present in association with
quartz veinlets that give to the rock a fibrous appearance (Figure 2(b)). At the
scale of the sample, the rock has a reddish or yellowish colour due to the altera-
tion of the feldspars into clay products and the presence of iron oxides. Quartz is
also covered with oxides (Figure 2(c)), suggesting the hematization phenome-

non that generally accompanies mineralized quartz veins.

4.2. Petrography and Microstructure of Quartz and Quartz
Feldspar Veins

4.2.1. Petrography

Quartz and quartz-feldspar veins are essentially composed of quartz, more or

less altered feldspar, muscovite, chlorite, oxides and sulphides showing a cata-

clastic texture.

Feldspar, represented by plagioclase and orthoclase are detected in samples
collected at the border of quartz veins or in quartz-feldspar veins. Two genera-
tions of plagioclase are highlighted: 1) primary crystals, large in size, sub-ovoid,
xenomorphic, deformed, more or less altered and sometimes pseudomorphosed
by iron oxides which give a reddish appearance to the mineral (Figure 3(a)) and

Figure 2) secondary small plagioclase crystals. Alkaline feldspar is abundant in

Figure 3. Photomicrographs of quartz and quartz-feldspar veins from the Guider syenitic
pluton. (a) Deformed feldspar crystals showing cracks filled with hematite; (b) sericite,
chlorite and oxides in the quartz-Feldspar vein; (c¢) Opaque minerals (oxides and sul-
phide) and others secondary minerals; (d) Plagioclase speumorphosed by damurite and
sericite; (e) Large Sulphide in equilibrium with quartz 1; (f) secondary sulphide in the C/S
planes.
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quartz-feldspar veins and rare in quartz veins. In quartz-feldspar veins, they oc-
cur as perthitic, xenomorphic, deformed and more or less pseudomorphosed by
sericite (Figure 3(b)). In mircoshear planes, quartz, sulphides and oxides fill the
microcrack within feldspars or are associated with alteration products (Figure
3(c)). These very tight planes give a crumbled appearance to the feldspar
stretched in the microshear planes of the rock (Figure 3(d)).

Secondary muscovite (sericite) occurs in quartz fissures in textural equili-
brium with sulphides and oxides or associated with alteration products of
feldspar crystals. Chlorites occur as oriented lamellae or in quartz fractures and
pressure shadows around opaque minerals (sulphides and oxides).

Accessory minerals are represented by sulphides and oxides. The oxides con-
sist of hematite, magnetite and ilmenite. Hematite, the most abundant oxide in
quartz-feldspar veins, occurs as large grain or as small veinlet filling microfis-
sures in quartz and feldspar (Figure 3(b)). Magnetite occurs as small
sub-automorphic grains associated with sulphides and secondary quartz in
quartz-feldspar veins. Sulphides occur as cracked sub-automorphic crystals

(Figure 3(e)), or small crystals scattered in rock and fractures (Figure 3(f)).

4.2.2. Quartz Microstructure
Textures and microstructures (extinctions, subgrains, and mineral inclusions...)
are the two key parameters used for this analysis. The fact that quartz crystals are
very often automorphic to subautomorphic has been very beneficial, to deduce
their orientation in relation to stress. The recrystallization rate of the crystals
was permit to distinguish 4 groups of quartz: quartz 1 or quartz with dominant
crystallization; quartz 2 with dominant recrystallization; Quartz 3 which corres-
ponds to late quartz veinlets that cross cut the main veins and quartz4 which
shows significant shear marks.
* Quartz1

Quartz 1 is represented by subautomorphic and subequigranular coarse grains
ranging in size from millimetre to centimetre. These crystals, very often isolated,
can form polygonal polycrystalline units in equilibrium with feldspar. Quartz 1
is mainly characterized by the presence of internal structures and microfractures
seal or not by secondary minerals (sericite, quartz, albite, oxides and sulphides,
Figure 4(a)). Intracrystalline deformation structures are marked by irregular
(zoned) and regular (sweeping) undulose extinctions, deformation bands, as well
as restorative structures with neoformed recrystallization grains that sometimes
form chevron microfolds (Figure 4(c)), recrystallization structures that result in
subgrains, and also crystal deformation structures with the development of
echelon slits reflecting subsequent shear (Figure 4(c)). Large pyrite crystals (py-
ritel) are associated with quartz 1 (Figure 4(e)).
* Quartz2

Quartz 2 consists of small sub-equigranular grains (submillimetre to millime-
tre) with undulose extinction and lobate margins. The grains are elongated or

ribbon-shaped, with numerous subgrains, displaying strong preferred orientation
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Figure 4. Microstructures of quartz of the quartz and quartz feldspar veins from the
Guider syenitic pluton. (a) Quartz 1 cracked and recrystallized into rims. Cracks are filled
with quartz 2 and sericite; (b) Large recrystallized quartz 1 crystals and intracrystalline
deformation structures irregular (zoned) and regular (sweeping) undulose extinctions; (c)
Quartz 2 recrystallized in chevron folds with an axial plane parallel to foliation, around
quartz 1; (d) Quartz 2 and opaque minerals (oxides and sulphides) stretched according to
foliation; (e) Veinlet of quartz 3 crosscutting quartz 1 and quartz 2; (f) Quartz 1 fish and
sulphides and oxides crystallised into micorshear planes.

corresponding to the foliation (Figures 4(a)-(d)). They are associated with
opaque minerals, chlorite and sericite. This paragenesis can also observed into
the microcrack planes of quartz 1 (Figure 4(a)).
* Quartz3

Quartz 3 corresponds to millimetric to centimetric quartz veinlets that cross
cut quartz 1 and quartz 2 (Figure 4(e)). It is heterogranular, interlobe quartz
with sweeping undulose extinction. This Quartz 3 is associated with chlorite, se-
ricite and albite. Very rare pyrites are occasionally associated in its borders with
surrounding quartz grains.

o Quartz from the shear plane

In the samples collected in shear plane, porphyroclasts of Quartz 1 and Quartz
2 are rolled, rotated and stretched with lozenge shape typical to mineral fish
(Figure 4(f)). The C planes are slightly oblique to the foliation and allow hig-
hlighting S/C planes and dextral movements (Figure 4(f)). The paragenesis as-

sociated with the S/C structure is quartz-sulphide + sericite.

5. Mineralogy Study of Quartz and Quartz-Feldspar Veins
5.1. Silicates

5.1.1. Chlorites
Chemical analyses of chlorites were performed in samples MG3D and MG3C
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(Table 1). In tetrahedral sites, the average Si content is between 2.5 and 2.6
atoms per half mesh. At octahedral sites, the average levels of Fe’* (which shows
the iron tendency of these chlorites) and Mg** are respectively 3.81 and 0.72
atoms per half mesh. The ratios Fe**/(Fe’* + Mg**) between 0.83 and 8.84 for Si
contents in the range of 2.55 - 2.64 per half mesh show that these chlorites are
chamosite according to the classification of [19].

Table 1. Representative electron microprobe analyses of chlorite minerals (wt%).

Sample MG3D MG3D MG3D MG3C MG3C MG3C
Mineral Chlorite
Analyse N* 47 48 49 71 72 80
Sio, 23.26 23.32 22.8 22.38 23.28 23.13
AlLO; 20.95 21.57 20.3 21.33 20.74 20.66
TiO, 0.04 0.12 0.09 0 0.08 0.09
FeO 40.06 39.27 40.98 40.02 40.25 40.4
MnO 0.24 0.22 0.26 0.29 0.33 0.29
MgO 4.25 4.1 4.6 4.33 4.16 4.17
CaO 0.08 0.01 0.01 0.05 0.03 0.03
C,0, 0.05 0 0.03 0.02 0.03 0
Na,O 0 0.04 0 0.02 0 0.02
K,0 0 0.03 0.01 0.08 0 0
TOTAL 88.93 88.68 89.08 88.52 88.9 88.79

Structural formula (28 Oxygens)

Si 5.26 5.26 5.19 5.10 5.28 5.26
Al 5.58 5.73 5.45 5.73 5.54 5.53
Z 8.00 8.00 8.00 8.00 8.00 8.00
ALIV 2.74 2.74 2.81 2.90 2.72 2.74
ALVI 2.85 2.99 2.63 2.84 2.82 2.79
Ti 0.01 0.02 0.02 - 0.01 0.02
Fe 7.58 7.41 7.80 7.63 7.63 7.68
Mn 0.05 0.04 0.05 0.06 0.06 0.06
Mg 1.43 1.38 1.56 1.47 1.41 1.41
Ca 0.02 0.00 0.00 0.01 0.01 0.01

Cr 0.01 - 0.01 0.00 0.01 -

Ni . . . . . .
Na - 0.02 - 0.01 - 0.01

K - 0.01 0.00 0.02 - -
TOTAL 33.52 33.60 33.52 33.78 33.48 33.50
XFe 0.84 0.84 0.83 0.84 0.84 0.84
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5.1.2. Feldspars

Chemical analyses of feldspar were performed in the samples MG1C and MG3D
(quartz-feldspar veins) and in the MG3B (quartz vein). Some of these analyses
show that the feldspars are enriched with iron and magnesium. In
quartz-feldspar veins, alkaline feldspar gives composition of Or95.76-Ab4.24 to
Or97.84-Ab2.16 (Table 2). In quartz veins, the rare plagioclase crystals of the
first generation have the composition of oligoclase (An17.97 to An29.23) while
those of the second generation are albite (Anl.92). The plagioclases of the
quartz-feldspar veins are Na-oligoclase (An10.57 - 24.13).

Table 2. Representative electron microprobe analyses of feldspar minerals (wt%).

Sample
Mineral
Analyse N°
SiO,
AlLO,
TiO,
FeO
MnO
MgO
CaO
Cr,0,
NiO
Na,O
K,0
TOTAL

Structural
formula
(8 Oxygen)

Si
Al
Fe

Ca

TOTAL
%An
%ADb

%O0r

24

63.59

18.05

0.03

0.1

14.29

99.57

11.91

87.97

40

63.76

17.92

0.16

0.07

0.03

0.06

11.71

0.036

99.57

2.88

0.95

21.63

78.21

0.16

MG3D MG3D MG3D MG3D MG3B MG3B MG3B MG3B MG3D MG3D MG3D MG3D MGIC MG1C MG3D MG3D

plagioclase 1 plagioclase 2 Alkaline Feldspar
42 11 5 6 24 25 5 6 7 24 2 3 5 10
6197 63.07 6299 6299 633 68.18 68.19 6814 6735 673 6336 63.28 63.25 63.19
18.59 1823 1822 1824 18.14 1997 19.67 1954 1946 19.17 18.14 184 1799 1833
0.14 0.01 0.05 0 0 0.03 0.02 0.07 0.01 0.01 0 0 0 0
0.11 0.01 0.1 0.12 0.07 0 0.06 0.1 0 0.01 0.11 021 0.69 0.14
0 0.09 0 0 0 0 0.01 0 0 0 0 0.09 0 0
0.01 0.01 0 0 0 0 0.01 0 0 0.01 0 0 0.01  0.02
3.36 5.45 6.5 7.8 5.19 0.41 0.49 0.47 0.29 1.18 0 0 0 0
0.04 0 0 0.05 0 0 0 0 0 0 0.09 0.03 0.04 0.01
1569 131 11.07 10.16 12.87 11.52 11.84 11.64 1194 11.85 047 034 024 0.38
0.042 0.056 0.34 0.42 0.34 0.06 0 0 0 0 16.13 16.89 16.56 16.39
99.91 99.97 99.27 99.78 9991 100.18 100.29 99.95 99.05 99.53 98.3 99.24 98.78 98.46
2.82 2.85  2.86 2.85 2.86 297 298 298 2.98 2.97 299 297 298 298
1 097  0.97 0.97 0.97 1.03 1.01 1.01 1.01 1 1.01 1.02 1 1.02
0 0 0 0 0 - 0 0 - 0 0 0.01 0.03 0.01
0.16 0.26 0.32 0.38 0.25 0.02 0.02 0.02 0.01 0.06 - - - -
1.38 1.15 0.97 0.89 1.13 0.97 1 0.99 1.02 1.01 0.04 0.03 0.02 0.03
0 0 0.02 0.02 0.02 0 - - - - 0.97 1.01 1 0.99
5.37 524 5.5 5.12 5.23 5 5.02 5 5.03 5.04 5.01 504 503 5.02
10.57 18.65 24.13 2923 1797 192 224 218 1.32 5.22 - - - -
89.28 81.12 7437 689 80.63 97.74 97.76 9782 98.68 9478 424 297 216 3.4
0.16 0.23 1.5 1.87 1.4 0.33 - - - - 95.76 97.03 97.84 96.6
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5.1.3. White Micas

White micas are analyzed in samples MGIB (quartz vein) and MG3D and
MG1D (quartz-feldspar vein), the results are recorded in Table 3. They are cha-
racterized by their low Ti (0.02 - 0.29) and Na (0.02 - 0.06) content compared to
Mg (0.23 - 0.31), suggesting that they are secondary muscovites according to the
classification of [20]. Micas are characterized by a correlative substitution be-
tween Si" and Al" (Figure 5(b)) and between Fe’* and Al"" (Figure 5(b)).

Table 3. Representative electron microprobe analyses of white micas minerals (wt%).

Sample MG1B MGI1B MGI1B MGIB MG3D MG3D MGID
Analyse N* 3 5 6 18 23 27 29
SiO, 50.1 48.12 47.79 47.07 47.85 47.37 47.77
AlLO, 32.38 324 31.79 30.35 31.47 30.94 29.76
TiO, 0.22 0.37 0.98 1.95 2.04 1.37 2.87
FeO 3.38 3.04 3.76 4.07 3.24 3.81 3.66
MnO 0 0 0.08 0.02 0.12 0.06 0
MgO 1.25 1.27 1.5 1.57 1.17 1.35 1.55
CaO 0 0 0.04 0.02 0.03 0.04 0
Cr,0, 0 0.04 0.07 0 0.02 0.01 0.07
Na,O 0.14 0.21 0.22 0.15 0.1 0.08 0.08
K,0 9.07 10.56 10.21 10.8 10.26 10.45 10.64
TOTAL 96.54 96.01 96.44 96 96.3 95.48 96.4
Structural formula
(8 Oxygen)
Si 6.55 6.4 6.35 6.33 6.35 6.37 6.38
Al 4.99 5.08 4.98 4.81 4.93 4.91 4.68
Z 8 8 8 8 8 8 8
ALIV 1.45 1.6 1.65 1.67 1.65 1.63 1.62
ALVI 3.53 3.47 3.33 3.14 3.28 3.28 3.06
Ti 0.02 0.04 0.1 0.2 0.2 0.14 0.29
Fe 0.37 0.34 0.42 0.46 0.36 0.43 0.41
Mn - - 0.01 0 0.01 0.01 -
Mg 0.24 0.25 0.3 0.31 0.23 0.27 0.31
Ca - - 0.01 0 0 0.01 -
Cr - 0 0.01 - 0 0 0.01
Ni - - - - - - -
Na 0.04 0.05 0.06 0.04 0.03 0.02 0.02
K 1.51 1.79 1.73 1.85 1.74 1.79 1.81
TOTAL 26.7 27.02 26.93 26.82 26.79 26.85 26.59
XFe 0.6 0.57 0.58 0.59 0.61 0.61 0.57
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Figure 5. Diagrams showing correlative substitution (b) between Si" and Al". and (b)
between Fe?* and Al"".

5.2. Oxides

Oxides are analysed in quartz veins and quartz-feldspar samples. In
quartz-feldspar veins, oxides are represented by hematite, the most abundant
oxide, magnetite and ilmenite. Ilmenite (81.74% to 99.04% TiO,) is found in
quartz veins and quartz-feldspar veins with elongated crystals. Hematite crystals
are not pure. In addition to iron (63.2% - 72.7% FeQ), analyses show traces of si-
lica, aluminum and potassium, suggesting that hematite is a product of hydro-
thermalism that has invaded feldspar. Indeed, part of the hematite comes from
the transformation of magnetite and pyrites. Magnetite has been observed as in-
clusions in sulphides mainly in pyrite and rarely in bismuthinite. It was probably
formed at the same time as the early pyrite with which it is in equilibrium in
both types of veins. It is almost completely transformed into hematite during

hydrothermal alteration.

5.3. Sulphides

Electronic microprobe analyses show that sulphides are represented by pyrite
(FeS,) in quartz and quartz-feldspar veins, bismuthinite (Bi,S,), galena (PbS) and
complex sulphides. SEM images (Figure 6) highlight the textural relationship
between the different types of analysed sulphides.

5.3.1. Pyrite
Pyrite constitutes about 30% to 55% of all metal components. However, it can
locally constitute 70% to 80% of the sulphides. In the quartz-feldpath (MG1D)

sample, pyrites form small, automorphic or sub-automorphic crystal clusters
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Figure 6. SEM images of sulphides. (a) Bismuthinite (N°5, 6, 9, 10, 10, 11 and 12) as in-
clusions or in cracks (N°15, 16, 17 and 18) in large pyrite crystal (Sample MG1B of quartz

20 kV

vein); (b) Bismuthinite presents as large pyrite crystal (Sample MG2 of quartz vein;) of
quartz vein; (c) Concentration of pyrite with small crystals of FeBiPb (+Cu) (N°14, 15,16,
20, 22, 24) and FeBi (£Te) (N°18, 19, 23) complex sulphide in cracks and inclusion (sam-
ple MG1D of quartz-feldspar vein).

frequently associated with phyllosilicates (micas and chlorite). They can result
from the destabilization of chlorites to form phengites, which would release iron.
In quartz veins, pyrites have two habitus: 1) pyritel are fractured and in equili-
brium with quartz 1 and 2) pyrite2, generally of small size, are automorphic
crystals associated with quartz 2 and Quartz 3. First generation pyrites contri-
bute to the genesis of other sulphides. These pyrites are composed mainly of iron
(33.25 - 33.63 wt%) and sulphur (66.36 - 66.74 wt%) and represent on average
99.94 wt% of the percentage sum of the other analyzed elements in the sample
MGI1B (Quartz-vein). In the sample MGI1D of quart-feldspar vein, the pyrites
are composed mainly of iron (26.12 - 33.14 wt%) and sulphur (59.68 - 66.72
wt%); trace elements are abundant and represented by lead, bismuth, telluride

and rarely silver and copper (Table 4).

5.3.2. Bismuthinite

Bismuthinite is the second most abundant type of sulphide after pyrite in the
analyzed rocks. The mineral has a higher reflectivity than pyrites, which makes it
possible to distinguish them from the latter. In quartz veins (MGI1B, MG2),
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Table 4. Representative electron microprobe analyses of pyrite minerals (wt%).

Sample

Analyse
N°

Fe
Co

Ni

Pb
Bi
Se
Te

Total

66.36

33.63

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

99.99

MGI1B

66.53 66.41 66.5

33.44 33.54 33.48

0.01 0.02 0.01

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.01

0.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

0.03 0.03 0.00

0.00 0.00 0.00

100.01 100.00 100.00

0.00

0.04

0.00

0.00

0.00

0.00

0.00

0.00

0.02

99.97

MGID

66.49 66.74 66.57 66.42 66.59 66.66 67.07 66.47 66.63 66.69 66.72 66.55 66.63 66.62 62.9 63.18 62.48

33.43 33.26 33.34 33.41 33.15 32.95 32.86 33.43 33.24 33.23 33.23 33.26 33.34 33.35 31.15 26.12 32.09

0.00 0.00 0.05 0.12 0.2 035 0.01 007 009 0.02 0.00 018 0.00 0.02 0.87 0.01 0.00

0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 092 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 001 0.00 0.00 0.00 0.00

0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.01 0.00 0.00 0.00 0.00 0.00

0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 111 0,00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.06 0.00 0.02 0.01 0.05 0.04 0.05 0.03 0.04 004 0.00 0.00 002 000 0.07 216 0.03

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 246 645 54

n.d. 0.00 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00

0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 254 0.04 0.00

100.01 100.00 99.99 99.97 100.00 100.00 99.99 100.00 100.00 100.00 100.00 100.00 100.00 99.99 97.45 99.95 100.00

bismuthinite grains crystallize in intragranular or intergranular microcracks and
borders of pyrite (Figure 6(a)). In the MG1B sample, rare large crystals in equi-
librium with pyrite are observed. The analyzed crystals have Bismuth and Sul-
phur contents ranging from 31.31 to 38.65 wt% and 57.52 to 60.55 wt% respec-
tively (Table 5). In addition to Bismuth and sulphur, the analyzed crystals still
contain traces of lead (1.07 - 4.62 wt%), copper (0.99 - 5.45 wt%) and rarely gold
(<0.15 wt%) and selenium (<0.06 wt%). Traces of Se suggest a partial substitu-
tion of S~ by Se*".

5.3.3. Galena

Galena is detected in the sample of the MG2 quartz vein. It crystallizes in the
cracks of the pyrite. Due to the very small size of these crystals, only one analysis
is performed. The crystal has a content of 77.66 wt% Pb and 16.38 wt% sulphur
(Table 6). Iron and bismuth are in trace form with values of 2.51 wt% and 2.85
wt% respectively.

5.3.4. Complex Sulphides

Complex sulphides correspond to sulphides in which we have the combination
of several elements. Referring to the literature, it has been difficult for us to clas-
sify them either as sulfosalts or sulfides. We group them here according to the
content of the elements. Thus, two groups are highlighted: complex bismuth and
lead sulphides (BiPbS), complex bismuth and iron sulphides (BiFe(S)) or (BiFe
(S, Te)).
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Table 5. Representative electron microprobe analyses of bismuthinite (wt%).

Sample MGI1B MG2
An;l}rse 5 6 9 10 11 12 2 3 4 5 6 9 10 11 12 13 15 16 17 18 20 22
S 5974 59.63 59.98 57.77 59.72 59.62 58.83 59.29 58.36 59.89 59.69 59.92 59.48 59.09 58.4 58.97 59.22 58.1 59.88 59.07 60.55 57.62
Fe 000 000 0.00 000 000 000 000 000 000 0.00 000 000 001 000 000 000 0.00 000 0.00 007 000 0.00
Co  0.00 000 000 000 000 000 000 003 000 00l 004 000 000 001 000 002 0.00 008 0.00 000 000 0.09
Ni 000 0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
Cu 132 237 099 545 146 135 456 196 23 193 204 133 164 339 393 121 268 361 129 1,00 1.07 3.34
Zn 000 0.00 000 000 000 000 000 000 000 000 000 000 000 001 000 000 000 000 000 000 000 0.0
As 000 000 000 000 000 000 000 000 000 000 000 000 004 000 000 000 000 000 000 000 000 0.00
Ag 000 0.00 000 0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
Sb 0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
Au 000 0.00 000 000 000 000 000 000 012 006 000 000 014 015 014 000 000 005 005 009 0.02 0.00
Pb 131 224 107 547 156 161 462 192 231 179 207 133 157 335 391 12 265 375 127 11 107 349
Bi 3756 3576 37.96 3131 372 37.39 3199 368 36.91 3633 36.16 37.42 37.12 33.99 33.56 38.6 3544 34.39 37.51 38.65 37.28 35.46
Se 007 000 000 000 006 003 000 000 000 000 000 001 000 000 006 000 000 001 000 002 001 0,00
Te 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
Total  99.93 100.00 100.00 100.00 99.94 99.97 100.00 100.00 100.00 100.01 100.00 100.00 100.00 99.99 99.94 100.00 99.99 99.98 100.00 99.98 99.99 100.00
Table 6. Representative electron microprobe analyses of complex sulphides and galena (wt%).
Sample MGID MGID MGID MGID MGI1B MGIB MGIB MGID MGID MGID MG2
Mineral complex sulphides galena
Analyse N* 14 15 16 21 16 17 18 17 20 24 12
S 62.2 57.38 61.62 54.57 45.99 47.85 53.71 54.8 56.81 57.46 16.38
Fe 26.88 18.21 21.2 0.00 0.32 0.36 0.14 0.00 9.79 12.33 2.51
Co 0.00 0.31 0.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ni 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cu 0.15 0.12 0.00 0.68 11.8 5.99 10.21 8.99 4.88 0.22 0.00
Zn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
As 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ag 2.16 4.13 0.00 7.59 0.00 0.03 0.00 0.00 0.00 3.77 0.01
Sb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Au 0.00 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00
Pb 2.21 5.63 5.71 9.94 12.66 10.1 11.04 9.7 5.09 8.06 77.66
Bi 6.39 13.53 11.27 27.22 29.23 35.67 24.9 26.48 23.39 18.06 2.85
Se 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00
Te 0.00 0.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.09
Total 99.99 99.58 99.99 100.00 100.00 100.00 100.00 99.97 99.96 99.97 99.50
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Complex sulphides are analyzed in the quartz-feldspar veins and quartz veins
represented by the MG1C and MGID and MG?2 respectively (Table 6). The
crystals are elongated according to foliation S, or in pyrite cracks. In addition to
the two cations Pb* (2.21 - 12.66 wt%) and Bi** (6.39 - 35.67 wt%), we note the
presence of Cu (<11.8 wt%), which suggests the presence of aikinite (PbCuBiS,).
Iron is abundant in sample MG1D (9.79 - 26.88 wt%) but rare in MG1B (0.14 -
0.36 wt%). Gold is present in several crystals, but as a trace (<0.26 wt%) in the
MGI1D sample where it is included in the pyrite. The transfer of Bi and Pb con-
tents in a diagram shows a positive correlation between these two elements,
suggesting substitution between them (Figure 7). As the charges are not identic-
al, it is probably necessary to consider another substitution for the mineral to be
neutral. Otherwise, some sites will not be saturated, which characterizes many
sulphides and sulphosalts (Cox, 1987).

6. Discussions
6.1. Geological Context

The study area, in the locality of Guider, is located in the northern domain of the
CPAC in Cameroon. This area consists of orthogneissic basement dated at 627 -
632 [12], intruded by syenitic intrusion dated at 593 + 4 Ma [13]. All of these
metamorphic and plutonic rocks are cross cutting by quartz and quartz-feldspar
veins. At least three deformation phases are highlighted in this sector: D, phase,
in orthogneiss and amphibolites where it is transposed by D, phase. The D,
phase is materialized by steep foliation with N-S to NNE-SSW direction with
mineral lineations (L,) shallowly plunging and dextral markers attesting a trans-
pressive and dextral regime of this D2 in the Guider area [12]. According to [13]
the NE-trending and dextral transpressive shear zone that acted in the Guider
area ended after the emplacement of the Guider syenitic pluton.

Petrographic and mineralogical studies distinguish two types of quartz and
quartz-feldspar veins: non-mineralized veins and mineralized veins. The 10°N -
15°E orientation of the mineralized veins, the 20°N - 30°E orientation of the
veinlets and the microstructure of the veins suggest that the emplacement of
mineralized veins took place before the end of transpressive deformation in its
syenitic country rocks. We suggest that the mineralization of sulphides is asso-

ciated to the late stage of D, phase of deformation.

Sulphide complex
404 pp
.
30 - -
- .
20 "
10 $
’ .
0 Bi
0 4 8 12

Figure 7. Binary diagram showing the correlation between Bismuth and Pb in complex
sulphides (BiPbS).
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6.2. Origin of Fluids and Mineralization Processes

Syenite, which is the intrusive massif in orthogneissic basement, is an un-
der-saturated rock, therefore low in silica. It is necessary to question the origin
of the quartz and quartz-feldspar veins more or less mineralized in this massif.
The search for the sources of the elements is one of the most difficult problems
of metallogeny. It is now understood that the source of the vector that transports
the elements can be independent of the source of the elements [21]. In addition
to geochemical and isotopic data in particular, petrographic studies of the veins
show hydrothermal phenomena marked by chloritization, sericitization, hema-
tization and pyritization. It is therefore possible that hydrothermalism is one of
the processes at the origin of mineralizing fluids. These fluids can be magmatic
or metamorphic and come from the syenite pluton or surrounding rocks. They
play a major role in the diffusion and recrystallization processes under pressure,
particularly during metamorphism [22]. The mineralized veins south of Guider
are deformed and show mineral transformations at the origin of the metal con-
centrations. The deformed and recrystallized nature of quartz crystals and the
presence of C/S planes in these rocks are indicative of the role of shear corridors.
The syenite pluton which is a probable thermal source and the presence of many
fracture planes blocked or not by veins suggest that the mode of circulation of
mineralizing fluids south of Guider is forced convection (Figure 8). According
to [23], forced convection, carried out around a warmer point (a pluton), cor-
responds to the repeated circulation (multiple pass) of the same fluids. Heavy
cold fluids sink, heat up and become less heavy and rise. The density of the fluids
is partially corrected due to the acquisition of dissolved elements at high tem-
perature, which increases their density and therefore promotes their deposition.
In this way, around the Guider syenite pluton there has been a forced convection
whose size depends on the size of the pluton, its shape, its level of placement, its
permeability and the distribution of permeability in the surrounding, in particu-

lar the existence of horizontal discontinuities.

‘.(____—
AL TSRt

\ Meteoric waters

.

Syenite pluton
\  Hydrothermal fluids 4 :
A
’ Country rocks
\ Fractures |:] (Orthogneiss and amphibolite)
A
A

.. Convection Cells

~e

Figure 8. Diagram illustrating the role of guiding syenite and fractures in the mineraliza-
tion of Guider’s quartz and quartz-feldspar veins.

DOI: 10.4236/0jg.2020.103013 251 Open Journal of Geology


https://doi.org/10.4236/ojg.2020.103013

M. Boyabe et al.

6.3. Quartz Generations and Mineralization

The siliceous phase is the most important gangue of the ore bodies. Microscopic
study of the mineralized veins revealed several generations of quartz associated
with them (Figure 9). Quartz 1, with an S/C structure, was probably affected by
a shear event that preceded its recrystallization into quartz 2. The arrangement
of the crystals constituting the latter in a chevron fold, whose axis is parallel to
the S,, is in favour of its crystallization during compression perpendicular to this
planar structure compatible with the boudinage observed in the wall of some
veins. Quartz 3 forms secant veinlets with quartz 1 and quartz 2. Quartz 2 is as-
sociated to chlorite * sericite + feldspar and sulphide represented pyrite, bismu-
thite and complex sulphides with Bi, Pb, Ag, Cu + Au and Fe. Like feldspar,
quartz 1 is hematized compared to other group of quartz. The hematization of
feldspar and quartz is a recognized process in the literature and so is its associa-
tion with gold and sulphides mineralization [24] [25] [26] [27].

The study of the quartz and quartz-feldspar veins shows that pyrite and bis-
muthinite are the most abundant sulphides. Other metals such as Cu, Ag, Pb, Fe
and Te often combine with bismuth to form complex sulphides or sulphosalts

that we have not been able to give an exact name.

Mineral Phases Quartz 1 Quartz 2 Quartz 3

Silicates

Quartz

Feldspars

Sericite

Chlorite

Sulphides

Pyrite

Bismuthinite

Galena

Complex sulphides:
BiPbS, BiAgPbS,
FeBiPbCusS,
BiFe(TeS), FeBiPbS,

BiPbCuS

Oxides

Hematite

Ilmenite

Magnetite

Figure 9. Mineralogical assemblages of mineralized veins in relation to primary (mag-
matic) quartz 1 and recrystallized quartz (quartz 2 and quartz 3).
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Pyrite, xenomorph to subautomorphic, large cracked beaches are always asso-
ciated with quartz 1 or disseminated in surrounding rocks. Euhedral to subau-
tomorphic pyrite seems to be mainly associated with recrystallization quartz
(quartz 2 and shear quartz), with sometimes ambiguous relationships with
quartz 1. Bismuthinite sometimes present in quartz 2 contains other complex
sulphides, oxides and pyrite inclusions. It therefore seems that the presence of
sulphides ranges from the early phases of magmatism to the late phases of re-
crystallization and alteration of the veins and their hosts (syenite, gneiss and
amphibolites). The magmatic source of the sulphides observed in these veins is
therefore highly plausible. The more or less deformed magmatic rocks could
have been subjected to repeated circulation of hydrothermal fluid, which may
have remobilized the sulphides of the surrounding rocks to gradually and con-
tinuously enrich the veins. This mechanism can be considered for sulphide
enrichment.

Oxides are represented by hematite with exsolutions of fibrous ilmenite and
automorphic pyrite. This assembly indicates a reducing state of the hydrother-
mal fluid during crystallization or recrystallization of these oxides and sulphides
[28]. However, these oxides may be of secondary supergenic origin [3]. It should
also be noted that the relationships between sulphides, oxides, quartz types and
host rock are not unambiguous and may be subject to discussion [29]. The tex-
tures of these sulphides and oxides appear to reflect remobilizations rather than
crystallizations, resulting in the intersection of quartz grain boundaries, mag-
matic and tectonic structures. Sulphides have textures that can be interpreted in
terms of their late emplacement relative to vein structure. Indeed, sulphides are
essentially associated with quartz 2 or located at the C2 shear planes. Metamor-
phism coupled with tectonics played an important role in the mineralization of
the Guider veins. However, further studies are needed to refine the genetic in-
terpretation of mineralization.

From the petrographic and mineralogical studies, it appears that sulphides are
associated with different generations of quartz and particularly with quartz 2 and
quartz in shear zones. This can be interpreted in terms of the continuous and
repeated remobilization of sulphides from its source (magmatic or hydrother-
mal) to feed the veins throughout their establishment and evolution. This expla-
nation has also been proposed by [30] for gold from the Phanerozoic fold belt of
Victoria in Australia and the late quartz veinlets, which intersect the latter, ap-

pear sterile.

6.4. Metal Paragenesis and Species Chronology

The mineralographic observations allow us to propose a metallic paragenesis,
based mainly on the observed textural relationships. Paragenesis consists in in-
terpreting the mineralogical evolution of the deposit [31]. In the veins studied,
we note the existence of two morphological forms of quartz:

1) quartz, prior to early mineralization, is in the form of coarse grains and/or

highly fractured crystals. Some fractures are filled with pyrite and/or hematite
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and magnetite relics. Also, between the coarse grains of this quartz, some pyrite
grains are observed which are then porphyroblastic and relatively undeformed.
These sulphides are therefore being filled (as is the case for those in fractures)
following a precipitation slightly later than this quartz or following a redistribu-
tion caused by a deformation;

2) recrystallized quartz may be found in fractures or borders of the previous
quartz. The sulphides present with this type of quartz are cataclased in places.
The pyrite is formed, more locally, by a precipitation contemporary to this re-
crystallized quartz. Pyrite crystals are observed in contact with recrystallized
quartz grains, suggesting that this sulphide is not later than recrystallized quartz,
but rather contemporary to it. Gangue minerals, such as chlorite, hematite and
sericite, are found in these deformed zones of mineralization, where recrystal-
lized quartz is more abundant. It is likely that the cooling fractures of Guider’s
syenite [13] were initially filled with quartz with pyrites, ilmenite and magnetite.
This primary mineralization by filling was resumed by a subsequent deformation
that produced the cataclase of quartz and primary sulphides (pyrite). The sub-
sequent intense cataclase suffered by these veins and veinlets would have caused
neomineralization and formation of small quartz grains and created openings
allowing the placement and/or redistribution of sulphides, certain gangue min-
erals, and possibly locally, a new injection of sterile or mineralized quartz in late
pyrite, bismuthinite and other sulphides with Bi, Ag, Cu, Pb. The sulphides
present in the veins, veins and veintles were probably formed largely by a reac-
tion between the fluids and the fragments of the host or the host itself on con-
tact. Sulphides are very frequently directly attached to the altered syenite.

According to petrographic observations, most of the metal phases began to
precipitate simultaneously. However, since pyrite contains inclusions of almost
all other metal phases, it seems to have continued to develop after the formation
of the other metal phases it has incorporated as well as some gangue crystals.
Since most mineralized veins are close to the syenite pluton, there appears to be
a spatial and genetic link between the presence of the host syenite and the pres-
ence of sulphides. The order of crystallization of the phases is shown in

Micas are characterized by a correlative substitution between Si' and Al' and
between Fe** and Al"Y (Figures not shown). However, there is no substitution
between Fe** and Si*. According to [32] the substitution of Al" with Si'V is
temperature-dependent and varies between 230°C and 275°C, in the silicified
and sericitized zone. They determined a temperature ranging from 250°C to
310°C in the chlorite zone at the Home Mine (Noranda, Quebec). These same
types of substitutions and alterations are also found at the Tiouit Mine in an-
ti-atlas oriental (south of Morocco) [33]). So, the same range of alteration tem-
peratures and associated mineralization can be considered for Guider minera-

lized veins.

6.5. Critical View on the Typology of Mineralization

The association of mineralized quartz veins with shear zones suggests that the
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Guider mineralization is of the mesothermal type [34]. Near-surface intrusions
provide favourable sites for the formation and development of mineralization
with characteristics ranging from epithermal to sulphides and copper porphyry
[35].

The majority of porphyry deposits have the same overall evolutionary history,
although they may differ in detail. Guider mineralized veins display some of the
known characteristics of copper-bearing porphyry calc-alkali veins, but they dif-
fer from them by their considerably widespread and highly impregnated altera-
tion and overall hematite richness. This abundance of hematite is a particularity
of Guider’s mineralized veins. Hematite is the most distinctive alteration prod-
uct in these veins. This probably intermittent hematization from different
sources distinguishes this deposit from the usual copper porphyries [36]. Ac-
cording to some authors [37] [38], considerable quantities of Fe can be extracted
from an acidic to intermediate magma. Rocks that are in contact with a retro-
grade boiling of brine-laden fluids are capable of releasing appreciable amounts
of iron [39]. Also, under conditions of low pH, an oxidizing medium and tem-
peratures < 360°C, magnetite transforms into hematite, with a seri-
cite-clay-chlorite alteration assemblage. These conditions also favour the con-
centration of Au and sulphides [39] [40] [41]. The appreciable quantity of hema-
tite in Guider’s mineralized veins is probably produced, among other things, by
the martitization of hypogenous hydrothermal magnetite or, incidentally, mag-
matic magnetite. The latter mineral and part of the hematite are locally trans-
formed into pyrite. By way of comparison, the abundance of iron in the Marte
mine (northern Chile) [36], is mainly represented by magnetite that has not
been martitized as in the case of Guider.

Our results show that some aspects of alteration (serialization, chloritization,
pyritization, silicification, and oxidation) that characterize porphyry-Cu deposits
[42] do exist around the calc-alkali Guider pluton. However, their distribution is
less regular and relatively more complex than that corresponding to the classical
zonation described by the authors who have worked on Cu-porphyres [35] [41]
[43]. The majority of the studies of these authors concern recent deposits where,
zonation of alterations and associated mineralization are not affected by subse-
quent episodes (metamorphism, deformation, erosion). On the other hand, old-
er deposits (such as the Pan-African Guider pluton) are probably affected,
changed or displaced, so their recognition and classification become relatively
problematic. A more detailed isotope-based study is needed to refine the nature,

origin of the fluids and the classification of Guider’s sulphide mineralization.

7. Conclusions

This work focused on the metallogenesis of sulphide mineralization of Guider
quartz and quartz-feldspar veins within the syenitic pluton of Guider. The pur-
pose of studying these veins was to calibrate their generation in relation to the

different deformation phases and to characterize the associated mineralization.
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At the centre of the pluton, they outcrop as veins, pockets or metric to decame-
tric veins crosscutting the syenitic massif. In addition to quartz and feldspar,
these veins are composed of alteration and recrystallization products (chlorite,
sericite, quartz, hematite), sulphides and iron oxides.

Pyrite and bismuthinite are the most abundant sulphides. Other metals such
as Cu, Ag, Pb, Fe + Au and Te often combine with bismuth to form complex
sulphides. Sulphides are associated with quartz 1 and quartz in shear zones. This
can be interpreted in terms of continuous and repeated remobilization of its
source (magmatic or hydrothermal) to feed the veins throughout their estab-
lishment and evolution.

Petrographic studies of the veins show hydrothermal phenomena marked by
chloritization, sericitization, hematization and pyritization. It is therefore possi-
ble that hydrothermalism is one of the processes at the origin of mineralizing
fluids. These fluids can be magmatic or metamorphic and come from the syenite
pluton or surrounding rocks (orthogneiss and amphibolite).

The results obtained by this study show that some alteration aspects (chloriti-
zation, hematization, pyritization, sericitization) that characterize porphyry-Cu
deposits do exist around the Guider pluton. However, their distribution is less
regular and relatively more complex than that corresponding to the classical zo-

nation described by the authors who worked on the Cu porphyres.
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