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Talc schist deposits are reported in central Cameroon region, and different alteration zones were determined
depending on differences related to the texture and color of the host rock. For the purpose of determining
mineralogical and physicochemical characteristics of talc schist, a total of 45 samples from the sites studied were
collected and analyzed using an array of physico-chemical methods.

Talc schist samples are mainly composed of variable amount of talc associated with plagioclase and clay

minerals. Three groups of mineral association were determined: i) talc with small amount of chlorite and traces
of kaolinite, ii) talc with high amount of chlorite, iii) variable amount of talc with plagioclase and clay minerals.
The talc schist samples have homogeneous grain-sizes and are classified as silty sand or sandy silt.

The occurrence of Ni and Cr in the talc schists are consistent with the composition of the talc deposits formed
in relation to ultramafic rocks. The genesis of talc is due to hydrothermal fluid circulation in ultramafic rocks,
attested by the occurrence of S and P.

1. Introduction

Talc is widely used in various industrial applications because of its
particular physico-chemical properties, such as high thermal stability,
low electrical conductivity, good absorption and desorption properties,
wide particle-size distribution, and large specific surface area (Nkoum-
bou et al., 2007; Dumas et al., 2013; Ersoy et al., 2013). Chemical
composition of talc is mainly related to the nature of the protolith and
the physicochemical conditions that preceded its formation.

Unlike synthetic talc, natural talc occurs in association with other
mineral phases such as calcite, dolomite, magnesite, asbestiform and
non-asbestiform minerals, tremolite, anthophyllite, quartz, pyrophyl-
lite, micas, chlorite, antigorite and much more rarely chrysotile and
lizardite (Marteau et al., 1991). The associated minerals will depend on
the type and the nature of the transformation that has occurred in the
parent rock.

Talc typically forms from hydrothermal alteration or metamorphism
of dolomites and ultrabasic rocks (Evans and Guggenheim, 1988;
Schandl et al., 2002; Ali-Bik et al., 2012; Gil et al., 2020), but is rarely
reported as a sedimentary mineral (Tosca et al., 2011).
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Globally, significant talc deposits are rare and only occur in a dozen
countries such as China, India, Brazil, the United States, South Korea,
France, Japan, Finland and Canada (Marteau et al., 1991).

In Africa, talc deposits occur in Rwanda in the Kibanda site in rela-
tion to the regional metamorphic evolution of metasediments and vol-
canics of the Kibara Supergroup (Prochaska et al., 1992). Talc deposits
covered with tropical residual soils occur in southwestern Nigeria
(Akpanika et al., 1987).

The first deposits of talc reported in Cameroon are situated in the
Northern East of the country in the Bayara and Ngambe localities (Fig. 1)
(Laplaine, 1969). Recently, talc schist deposits have been discovered in
the locality of Boumnyebel (Nkoumbou et al., 2006a) and its sur-
roundings (Ntep et al., 2001) and the physicochemical properties of talc
deposits have been characterized (Nkoumbou et al., 2008a; Yonta et al.,
2010) (Fig. 2).

The Boumnyebel deposit has been characterized macroscopically
and microscopically with the aim to determine physicochemical prop-
erties of talc (Nkoumbou et al., 2008a; Yonta et al., 2010). According to
the authors, based on the high talc content of the rocks and occasional
coexisting tremolite and magnesio-riebeckite, the origin of the talc
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Fig. 1. Geological map and samples location of the studied area. 1. Orthogneiss and associates rocks. 2. Micaschists (biotite-muscovite-garnet). 3. Micaschists
(biotite-muscovite-garnet-kyanite). 4. Migmatites. 5. Dolomitic marble and associated talcschists. 6. Metagabrro. 7. Talcschists and associated rocks. 8. Metagabbro.

sediment is assigned to a hydrothermal alteration of ultramafic rocks.

The preliminary results obtained need to be supplemented by more
detailed results to understand the genesis of talc sediments, their purities
and their distribution on the Cameroon territory. Our study will provide
detailed information about talc schist characteristics in several localities
in Cameroon, with particular emphasis on spatial variability and the
origin of talc schists.

2. Geological setting

The geology of Cameroon is formed by two different domains; the
cratonic area comprising the northern edge of the Congo craton which is
made up of Archaean and Paleoproterozoic formations and the Pan-
African chain of Central Africa (Davison and Dos Santos, 1989; Nzenti
et al., 1988; Pouclet et al., 2006). The Pan-African covers two-thirds of
the territory of the Yaoundé Group, where talc schist deposits have been
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Fig. 2. Lithology and appearances of samples. A. talc schist of Pouth — kélle site; b. talcshist at Mémel site; c. Altered talc schist at Maholo; d. Talc at Pouth-kélle.

found in Cameroon (Fig. 1).

The Yaoundé Group comprises the medium-to high-grade Yaoundé
series (Nzenti et al., 1988) and the low-grade Mbalmayo-Ayos-Bengbis
series (Nédélec et al., 1986) thrust onto both the Archaean series. The
Yaoundé series are formed by sedimentary and igneous rocks recrys-
tallized under medium-to high-temperature metamorphic conditions at
high pressure during the Pan-African orogeny (Nzenti et al., 1988;
Owona et al., 2011; Stendal et al., 2006; Yonta-Ngouné et al., 2010). The
high-grade Yaoundé gneisses includes dolomite-rocks and evaporitic
beds sedimented in an intracontinental environment (Nzenti et al.,
1988).

Heterogeneous deposits of talc schists occur in the Yaoundé Group,
this study will focus on the Mémel, Pouth — Kellé, Nsime — Kélle, Mahole
and Manguenda -Hegba area. According to Nkoumbou et al. (2008b),
the localities of Mémel and Pouth - Kél1€é are located on the border of the
Pan - African chain (600 Ma) of the Yaoundé Group and on the North
western edge of the Congo craton. Mica schist deposits studied by
Nkoumbou et al. (2006a), are associated with hornblendites and chlorite
in the locality of Mémel. While, in Pouth - Kélle talcschists are essentially
associated with hornblendites having high crystallinity and plasticity.
Yonta et al. (2010) show that these rocks form discontinuous levels
(<30 m) in the Pan-African groundwater chain, consisting of muscovite,
amphiboles and pyroxenites, and upwards of muscovite locally associ-
ated with marbles and amphiboles. Two exceptions have been noted;

talc schist is associated with dolomitic marbles at the Henguegue level,
and is in contact with the Paleoproterozoic orthogneisses in the Mémel
area. Recently, Ngally et al. (2014) studied the possible use of this talc
schist for cement aggregates, due to the occurrence of a high amount of
magnesium that reacts with phosphate to give cementitious materials
such as magnesium phosphate cements.

3. Material and methods
3.1. Material

Sampling was made in the localities arround Boumnyebel during a
fieldwork in 2016. The sample locations were based on previous works
(Nkoumbou et al., 2006a; Yonta, 2010; Metang 2014) (Fig. 1a). The field
survey revealed heterogeneity and change in the facies within the lo-
calities studied (Table 1 and Fig. 1b). A total of forty five samples were
collected based on the observed macroscopic changes in the talc schist
facies (Table 1). Four zones have been sampled.

Thirty five samples were taken in the locality of Mémel site situated
South of Boumnyebel (Fig. 1). Most of the samples are grey or yellow.
Six greenish grey and dark brown samples were collected at ~2 km from
the Mémel site, nearby Pouth - kélle area.

Two grey and light grey samples were collected from Nsime — Kélle
area (~10 km from the Pouth — kélle area). One dark orange and one
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Table 1
Macroscopic description of talc schist samples and their localizations.
Localities Samples GPS coordinates Elevation Colours
(m)
Mémel WE1 N03°52'22.8""; 210+ 3 10YRS5/3,
E011°30'21.1" Greyish olive
WE2 10YR4/5,
Reddish
brown
WE3 10YR5/4,
Olive
WE4 N03°48'12.0°’; 217 +£3 10YR5/3,
E010°46'30.6” Greyish olive
WES, WE6, N03°48'10.8"’; 211 +3 10YR5/1,
WE7 E010°46'29.4" Grey
WES8 10YR5/4,
Yellowish
brown
WE9 10YR6/4,
Light
yellowish
brown
WE10 10YR5/1,
Grey
WE11 N03°48'10.1°"; 211+ 3 10YR5/1,
E010°46'28.8" Grey
WE12 N03°48'09.8"’; 214+ 3 10YR6/1,
E010°46'28.9” Brownish
grey
WE13 10YR6/5,
Bright
yellowish
brown
WE14 10YR6/3,
Olive yellow
WE15 N03°48'08.7"’; 215+ 3 10YR5/1,
E010°46'27.0" Grey
WE16, N03°49'34.3"’; 236 + 3 10YRS5/1,
WE17 E010°47'17.2" Grey
WE18, N03°49'34.1; 229+ 3 10YR5/1,
WE19, E010°47'16.7" Grey
WE20
WE21, N03°49'33.8’; 225+ 3 10YR4/1,
WE22, E010°47'16.8" Dark greenish
WE23, grey
WE26,
WE27,
WE28
WE29, N03°49'33.5""; 223+ 3 10YR6/1,
WE30, E01047'17.5" Light grey
WE31
WE32, N03°49'07.6°"; 223+ 3 10YR6/6,
WE33, E010°47'58.4" Yellowish
WE34, brown
WE35
Pouth- kéllé WE36, N03°49'46.8""; 219+ 3 10YR6/1,
WE37, E010°48'3.9” Greenish grey
WE38,
WE39
WE40, N03°49'50.1"’; 230+ 3 10YR5/3,
WE41 E010°48'30.5" Dull brown
Nsimé -kéllé WE42 N04°00'16.6""; 390+ 3 10YR5/1,
E011°03'12.8" Grey
WE43 10YR6/2,
Light grey
Maholo WE44 N04°00'06.8"’; 400 + 3 10YR7/5,
E011°03'09.9” Dull orange
Manguenda WE45 N03°58"44.7°; 435+ 3 10YRS8/4,

-hegba E011°02'43.2" Light orange

light orange sample were sampled from Mahole and Manguenda —
Hegba areas, respectively.

3.2. Analytical methods

Talc schist samples were characterized texturally (grain-size),
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mineralogically (XRD), chemically (XRF), petrographically (thin sec-
tions), and thermally (DTA/TG).

Grain-size distribution of the talc schist samples was perfomed using
a laser diffraction particle size analyzer Malvern Mastersizer 2000 at the
University of Liege (Belgium).

X-ray diffraction (XRD) of bulk sediments was performed on all
collected samples, using a Bruker diffractometer with CuKo radiation
(Department of Geology, University of Liege). The angular range
explored was between 5° and 60° 20. The bulk sample was dried in an
oven at 25 °C and then ground to <250 pm. The X-ray patterns were
processed using the DIFFRACT PLUS EVA software, and mineralogical
composition were quantified by the Rietveld Method using Topas v5
software (Bruker).

Additional measurements were carried out on oriented aggregates
prepared from the < 2 pm fraction (Moore and Reynolds, 1989). Clay
mineralogy <2 pm fraction was carried out from the suspension ac-
cording to Stoke’s law, placed on a glass slide and the XRD patterns
recorded between 2° and 30° 2 theta using the same step size and time
per step parameters mentioned before. These oriented aggregates were
subjected to three successive treatments, air drying (N), glycolation (EG)
and heating to 500 °C for 4 h. Semi-quantitative estimations (+5-10%)
were based on the height of a diagnostic peak multiplied by a correction
factor and the mineral abundances are normalized to 100% (Biscaye,
1965; Boski et al., 1998). The common reflection of clays at 4.47 Ais
multiplied by a corrective factor of 20 to give an estimate of the total
clays in the bulk sample.

Chemical composition of major and minor elements was carried out
by X-Ray Fluorescence spectroscopy, using a portable X-ray fluorescence
spectrometer (p-XRF) Thermo Fischer Nitron XL3t with a ‘GOLDD’ de-
tector (Mineralogy Laboratory, University of Liege). The p-XRF was
placed against the gem or glass bead and X-rays were generated when
the nosecone was in direct contact with the surface. The X-ray spot size
was 3 mm in diameter. The X-ray tube has an Ag anode of 50 kV and 200
pA. The lightest detectable element is Mg. The standardization mode
selected is the “Cu/Zn Mining’’ mode, which includes all elements. This
mode uses four separate filters to determine the concentrations in per-
centage of elements: a high filter (15s counting time), a main filter (15s)
a low filter (15s), and a light filter (30s), leading to a total measurement
time of 75s per analysis. The software utilizes a Fundamental Parameters
algorithm to determine concentrations of each element. The spectra and
concentration values obtained from the XLT3 were downloaded to a
computer for analysis. Each sample was measured three times.

Thin sections were performed on tow representative samples; the
richest (WE16) and the least rich (WE44) in talc. Weathered samples of
talc schist were consolidated by impregnation with an epoxy resin and
then polished. The thin sections were studied using a polarizing light
microscope.

The physico-chemical changes in terms of increased temperature
were determined using differential thermal (DTA) analysis coupled with
thermogravimetry (TG) on samples representative of the chemical and
mineralogical variations in the different sites. This analysis was per-
formed on nine samples (i.e WE45, WE43, WE42, WE40, WE39, WE37,
WE34, WE16 and WE2). The ATD/TG analysis was carried out using a
TGA-2000 Analyzer type that allows TGA-2000 automatic multi-
gravimetric thermogravimetric analysis under atmospheric conditions
(Department of Geology, University of Liege). The sample was heated
from room temperature to 1000 °C at a rate of 5 °C/min. In this work,
differential thermal analysis is coupled with thermogravimetry. The
results obtained allow to determine the degree of hydration as well as
the decomposition temperatures of the various components.

Scanning Electronic Microscope (SEM) images were obtained on a
talc rich sample (WE29) by using a Philips microscope model XL30
(University of Aachen, Germany). In situ chemical composition was
determined by Energy Dispersive X-ray spectroscopy (EDX). The images
were obtained with a secondary electron detector at a voltage of 10 kV
on gold-sputtered powdered samples.
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Fig. 4. Spectra of clay mineral (<2 pm). WE16, WE6 and WE19 at Memel; WE45 at Manguenda — hegba.

4. Results
4.1. Mineralogical composition

4.1.1. Bulk fraction

Mineralogical composition of the talc schist samples shows large
variability. Talc represents the major phase and is associated with
plagioclase and clay minerals (Fig. 3).

At Memél, the samples are mainly composed of talc (58 + 20%),
chlorite (29 + 29%), plagioclase phases (25 + 4%) and traces of clay
phases; kaolinite (2 + 3%) and vermiculite. At Pouth — kéllé, talc (49 +
12%) is associated with chlorite (22 4+ 2%), variable amounts of
plagioclase (29 + 14%) and sporadically trace of vermiculite (WE38). At
Nsimé - kéllé, talc (63 + 6%) is the major phase associated with
plagioclase (25 + 4%) and small amounts of chlorite (12 + 2). At Mahole
and Manguenda — Hegba areas, talc remains the major phase (71 + 5%)

associated with the occurrence of plagioclase (18 + 3%) and small
amounts of clay phases; chlorite (9 &+ 3%) and kaolinite (2 + 1%). Traces
of amphibole (~2%) occur only in samples WE44.

4.1.2. Clay fraction (<2 uym)

XRD spectra of clay fractions (<2 pm) show the occurrence of talc,
kaolinite, chlorite and vermiculite (Fig. 4). Talc appears at d = 9.31 A
which remains unchanged after ethylene glycol solvation and heating at
500 °C. Chlorite shows characteristic peaks at d = 14.24 A and d = 7.14
A, the latter peak is also due to the contribution of kaolinite. XRD spectra
reveal mainly altered chlorite (Fig. 4). The detrital chlorite shows
variation in basal reflections in different samples indicating that
different Fe content of the chlorite.

Kaolinite seems to be authigenic, since it was not possible to separate
a 3.57 A reflection for kaolinite from the 004 chlorite reflection at 3.54 A
indicating the absence of detrital kaolinite. Kaolinite mainly occurs in



Table 2
Major and minor chemical composition (wt.%) of the talc schist samples. Three replicate measurements were carried out for each samples and an average and standard deviation value is reported.

Localities Samples Si0, (%) MgO (%) Fe,03 (%) Al,03 (%) TiO, (%) Cr (%) Ni (%) Zn (%)

Mémel WE1 57.51 +0.28 13.33 +0.68 21.73 +0.11 7.31 +0.14 0.12 +0.01 0.47 +0.01 0.29 +0.01 0.02 +0.003
WE2 56.60 +0.23 9.47 +0.48 25.39 +0.10 8.33 +0.11 0.21 +0.01 0.32 +0.01 0.20 +0.01 0.01 +0.002
WE3 56.08 +0.21 13.52 +0.49 21.90 +0.08 8.40 +0.10 0.11 +0.01 0.30 +0.01 0.18 +0.01 0.01 +0.002
WE4 61.24 +0.32 18.35 +0.87 15.91 +0.10 4.42 +0.14 0.07 +0.01 0.23 +0.01 0.41 +0.02 0.02 +0.003
WES 55.20 +0.25 15.21 +0.65 18.13 +0.09 11.43 +0.15 0.04 +0.01 0.36 +0.01 0.31 +0.01 0.02 +0.002
WE6 55.48 +0.27 16.39 +0.74 17.58 +0.09 10.47 +0.17 0.08 +0.01 0.35 +0.01 0.33 +0.01 0.01 +0.002
WE7 62.22 +0.25 16.29 +0.62 14.13 +0.07 7.31 +0.12 0.05 +0.00 0.20 +0.01 0.33 +0.01 0.01 +0.002
WES8 62.72 +0.22 15.26 +0.50 14.90 +0.06 7.01 +0.10 0.09 +0.00 0.20 +0.01 0.28 +0.01 0.01 +0.002
WE9 62.91 +0.24 15.80 +0.57 15.08 +0.07 6.17 +0.10 0.04 +0.00 0.24 +0.01 0.32 +0.01 0.01 +0.002
WE10 63.39 +0.24 16.74 +0.58 13.98 +0.06 5.86 +0.10 0.03 +0.00 0.22 +0.01 0.30 +0.01 0.01 +0.002
WE11 54.76 +0.22 9.44 +0.47 26.59 +0.09 9.14 +0.11 0.07 +0.00 0.42 +0.01 0.12 +0.01 0.01 +0.003
WE12 49.71 +0.22 14.22 +0.62 24.13 +0.10 11.88 +0.15 0.06 +0.01 0.65 +0.01 0.20 +0.01 0.01 +0.002
WE13 47.21 +0.23 13.57 +0.65 26.97 +0.13 12.13 +0.16 0.12 +0.01 0.67 +0.01 0.26 +0.01 0.01 +0.002
WE14 60.90 +0.28 16.72 +0.71 16.11 +0.08 6.24 +0.13 0.03 +0.01 0.28 +0.01 0.24 +0.01 0.02 +0.003
WE15 54.46 +0.27 20.29 +0.77 14.50 +0.08 10.71 +0.16 0.04 +0.01 0.08 +0.00 0.34 +0.01 0.01 +0.002
WE16 60.02 +0.23 20.17 +0.63 17.52 +0.07 2.26 +0.08 0.04 +0.00 0.15 +0.00 0.25 +0.01 0.01 +0.002
WE17 55.50 +0.22 18.96 +0.62 21.12 +0.08 4.32 +0.09 0.09 +0.01 0.30 +0.01 0.32 +0.01 0.01 +0.002
WE18 55.37 +0.21 21.63 +0.63 19.05 +0.07 3.89 +0.09 0.06 +0.00 0.34 +0.01 0.21 +0.01 0.01 +0.002
WE19 52.18 +0.19 22.87 +0.60 19.79 +0.07 5.09 +0.09 0.07 +0.00 0.22 +0.01 0.24 +0.01 0.01 +0.002
WE20 57.52 +0.26 17.91 +0.71 18.73 +0.09 5.54 +0.12 0.30 +0.01 0.21 +0.01 0.29 +0.01 0.01 +0.002
WE21 56.17 +0.24 21.37 +0.70 13.90 +0.07 8.48 +0.13 0.07 +0.01 0.45 +0.01 0.28 +0.01 0.01 +0.002
WE22 52.27 +0.25 23.16 +0.84 19.91 +0.10 4.62 +0.12 0.05 +0.01 0.53 +0.01 0.26 +0.01 0.01 +0.002
WE25 53.37 +0.29 18.76 +0.86 18.28 +0.11 9.56 +0.18 0.02 +0.01 0.51 +0.01 0.35 +0.02 0.03 +0.003
WE26 54.63 +0.22 17.19 +0.60 18.91 +0.08 9.21 +0.12 0.06 +0.01 0.45 +0.01 0.23 +0.01 0.02 +0.002
WE27 55.32 +0.23 18.46 +0.64 21.49 +0.09 4.70 +0.10 0.03 +0.00 0.40 +0.01 0.23 +0.01 0.01 +0.002
WE28 51.90 +0.20 15.57 +0.52 20.88 +0.07 11.52 +0.11 0.13 +0.01 0.24 +0.01 0.21 +0.01 0.01 +0.002
WE29 65.09 +0.21 18.54 +0.49 11.00 +0.05 5.18 +0.08 0.20 +0.01 0.04 +0.00 0.21 +0.01 0.01 +0.001
WE30 58.41 +0.24 16.70 +0.57 15.85 +0.07 8.99 +0.12 0.04 +0.00 0.36 +0.01 0.25 +0.01 0.01 +0.002
WE31 56.06 +0.25 21.18 +0.74 17.39 +0.08 5.33 +0.12 0.04 +0.00 0.33 +0.01 0.28 +0.01 0.01 +0.002
WE32 49.78 +0.19 15.68 +0.52 20.88 +0.07 13.56 +0.13 0.10 +0.01 0.34 +0.01 0.24 +0.01 0.01 +0.002
WE33 47.21 +0.21 17.41 +0.61 20.34 +0.08 15.00 +0.16 0.04 +0.01 0.39 +0.01 0.26 +0.01 0.01 +0.002
WE34 49.44 +0.23 19.35 +0.70 18.15 +0.09 12.91 +0.16 0.15 +0.01 0.30 +0.01 0.28 +0.01 0.01 +0.002
WE35 51.82 +0.23 15.84 +0.66 25.17 +0.11 7.13 +0.12 0.04 +0.01 0.30 +0.01 0.28 +0.01 0.01 +0.002

Pouth - kéllé WE36 56.00 +0.25 20.32 +0.76 20.15 +0.10 3.47 +0.11 0.06 +0.01 0.56 +0.01 0.30 +0.01 0.02 +0.002
WE37 51.20 +0.28 19.89 +0.90 22.10 +0.13 6.72 +0.16 0.08 +0.01 0.85 +0.01 0.34 +0.02 0.02 +0.003
WE38 60.44 +0.13 19.31 +0.44 15.93 +0.04 4.28 +0.07 0.04 +0.00 0.54 +0.01 0.25 +0.01 0.02 +0.001
WE39 64.34 +0.19 16.60 +0.43 16.53 +0.05 2.50 +0.06 0.03 +0.00 0.18 +0.00 0.14 +0.01 0.01 +0.002
WE40 54.65 +0.24 18.59 +0.70 20.42 +0.09 6.32 +0.12 0.03 +0.01 0.66 +0.01 0.24 +0.01 0.02 +0.003
WE41 63.34 +0.23 18.37 +0.58 15.58 +0.06 2.69 +0.08 0.03 +0.00 0.17 +0.00 0.17 +0.01 0.01 +0.002

Nsimé - kéllé WE42 62.99 +0.27 19.18 +0.71 15.11 +0.08 2.68 +0.10 0.03 +0.00 0.24 +0.01 0.25 +0.01 0.01 +0.002
WE43 65.15 +0.24 17.37 +0.56 15.15 +0.07 2.31 +0.08 0.02 +0.00 0.18 +0.01 0.18 +0.01 0.01 +0.002

Maholo WE44 54.57 +0.23 18.04 +0.68 23.87 +0.10 3.49 +0.10 0.03 +0.01 0.20 +0.01 0.17 +0.01 0.02 +0.002

Manguenda- hegba WE45 86.03 +0.33 7.72 +0.46 3.65 +0.04 2.59 +0.10 0.00 +0.01 0.14 +0.01 0.06 +0.01 <LOD +0.003
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Fig. 5. Spearman’s rank correlation matrix for talcshist samples based on XRF data, considering a correlation significant, if R > 0.50.

small amount, in association with chlorite in some samples from most of
the sites studied. Vermiculite shows a peak at d = 14.14 A in natural and
after ethylene glycol saturation, which shifts towards d = 10 A after
heating at 500 °C (Fig. 4). Vermiculite occurs locally alone or in asso-
ciation with kaolinite in Memel, Mahole and Pouth — Kéllé areas.

Mixed-layer chlorite/vermiculite (corrensite) occurs only in WE44
sample from Maholé area. It is characterized by a basal spacing of 29 A,
which expands to 31 A after ethylene glycol treatment and collapses to
24 A after heating at 500 °C (Fig. 4). Corrensite is associated with
vermiculite and traces of kaolinite, plagioclase and talc.

4.2. Chemical composition

Talc schist samples from the Mémel site are rich in silica (25.7 +
4.1%), the lowest content (14.1%) is found in sample WE11 and the
highest (34.7%) in sample WE4. Variable amounts of magnesium (10.3
+ 2.3%) and iron (6.5 + 1.5%) compose these samples, the lowest values
are 3.1% (WE11) and 3.2% (WE29) and the highest ones are 15.4% and
10.6% for WE22 and WE13, respectively. Aluminum (2.09 + 1%) is also
present in small amounts. Low percentages (<1%) of Ca, Ti, V, Cr, Ni,
Zn, P and S are present (Table 2).

The Pouth - Kelle site has the same chemical composition as the
Mémel site, with a slight increase in silica content (28.2 + 3.8%). The
highest Si percentage is found in sample WE38 (31.5%) and the lowest in
sample WE39 (20.9%). Magnesium content (12.1 + 3.1%) is slightly
higher that the Mémel site, with the lowest value of 6.7% (WE39) and
the highest one of 15.5% (WE36). Likewise, iron values (9 + 2.1%) show
similar variations to the Mémel site. The contents of the other elements
are very low (Table 2).

The Nsime- Kellé site is composed of variable amounts of silica (29.9
+ 4.2%) and magnesium (11.1 + 2.6%). Lower values of iron (5.3 +
0.9%) than the Pouth - kelle and Mémel sites compose these samples.
The contents of other elements are very low (<1%).

For the Mahole and Manguenda- Hegba sites, high variability in
chemical composition is observed (Table 2 XRF). The contents are
higher in silica (37.7 + 14.7%). Magnesium contents (8.6 + 4.3%) range
from 5.6% (WE45) to 11.7% (WE44). Likewise, iron shows an important
variability from 1.5% (WE44) to 8.95% (WE44).

Spearman’s rank correlation analysis performed on the data sets
enabled the identification of possible common characteristics (e.g.
origin, weathering, behaviour) of major and traces elements in talc

schist samples. The correlation matrices obtained for talc schist samples,
display two groups of associations: one for Cr, V and S (R2 = ~0.9), and
another for Ni, Mg, Al, Ca and Zn (R2 = 0.5-0.6) (Fig. Shttps://www.
sciencedirect.com/science/article/pii/S0045653507000148?casa_toke
n=mWRyHDEbBeMAAAAA:e9tG83LvT2T1PIRpjINu-mLIiXBtEuxaxFrs
U8wtyB30Nnkb0-26FuChnyUr7HUfh36zaSEf40M - tbl3). For the first
group, Cr, V and S have a strong positive correlation with Fe, Al and P.
The second group has a moderate positive correlation with Si and Cr.

Three main observations can be drawn from the above: (i) Si + Fe +
Ti displays good positive correlation with Si; (ii) Fe is highly correlated
with Cr and V; (iii) S has a good correlation with P. This implies ultra-
mafic origin of talc rich samples and the occurrence of hydrothermal
fluid circulation.

4.3. Petrography, grain-size and morphology

On thin sections the talc schist samples have an appearance similar to
micas (Fig. 6 a, a’). They are foliated, and appear in the form of ag-
gregates and fibers, with opaque inclusions. They are non-pleochroic,
with fibers having a positive elongation. Clay appears as matrix asso-
ciated with talc fibers. Light grey clay is also observed in the shape of
balls, suggesting its possible secondary origin (Fig. 6 ¢, c’).

Tremolite appears as pale green to grey elongated fibers with opaque
inclusions in natural light (Fig. 6 b, b’, ¢, ¢’). The extinction angles are
variable, characterized by a positive elongation. Most of opaque in-
clusions are surrounded by talc fibers, with a yellowish to mauve color in
natural light, which becomes light green in polarized light. Traces of
cleavage and a weak to moderate pleochroism are quite visible.

Fig. 7 indicates a homogeneous grain-size for the talc schist samples
with a mean grain-size (D50) comprised between 30 and 87 pm, the
samples are classified as silty sand or sandy silt.

SEM images of sample WE29 (Fig. 8) indicate that talc particles have
lamellar shape with some irregularity at the boundaries. The lamellar
morphology allows particle stacking and weak packing cohesion leading
to partial exfoliation. EDX spectrum shows that the selected grain
contain Al, Si and O which are dominant associated with variable
quantities of Mg, K, and Ca and a low quantities of Fe and Na.

4.4. Thermal behavior of talcschist

The DTA thermograms (Fig. 9) of the samples studied display two


https://www.sciencedirect.com/science/article/pii/S0045653507000148?casa_token=mWRyHDEbBeMAAAAA:e9tG83LvT2T1PlRpjlNu-mLIiXBtEuxaxFrsU8wtyB30Nnkb0-26FuChnyUr7HUfh36zaSEf40M
https://www.sciencedirect.com/science/article/pii/S0045653507000148?casa_token=mWRyHDEbBeMAAAAA:e9tG83LvT2T1PlRpjlNu-mLIiXBtEuxaxFrsU8wtyB30Nnkb0-26FuChnyUr7HUfh36zaSEf40M
https://www.sciencedirect.com/science/article/pii/S0045653507000148?casa_token=mWRyHDEbBeMAAAAA:e9tG83LvT2T1PlRpjlNu-mLIiXBtEuxaxFrsU8wtyB30Nnkb0-26FuChnyUr7HUfh36zaSEf40M
https://www.sciencedirect.com/science/article/pii/S0045653507000148?casa_token=mWRyHDEbBeMAAAAA:e9tG83LvT2T1PlRpjlNu-mLIiXBtEuxaxFrsU8wtyB30Nnkb0-26FuChnyUr7HUfh36zaSEf40M
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Fig. 6. Photomicrographs of polished thin sections of talc schist samples in natural (a, b, ¢) and (a’, b’, ¢’) polarized light. a. amphibole surrounded by iron oxides
and talc fibers (WE44) from Pouth-kéllé; b. elongated tremolite surrounded by talc fibers (WE44) from Pouth —kéllé; c. talc fibers associated with matrix of clay
(WE16) at Mémel.
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Fig. 7. Grain size distribution of the talc schist samples.

endothermic events between ~500 °C and ~600 °C peaks, associated
with a loss of mass. The first peak at 500 °C corresponds to the dehy-
droxylation of kaolinite (WE2) and the peaks at ~600 °C represents
chlorite dehydroxylation (WE34). All the samples display an endo-
thermic peak between 900 °C and 1000 °C associated with a loss of mass.
This peak corresponds to the dehydroxylation of talc (SisMgsO109 (OH)
2). Talc is transformed into clinoenstatite (MgO, SiO,) following the
equation below (Grosjean, 1984):

48i02 3MgO, H2O0 (talc) - 3MgO0.SiO2 (clinoenstatite) + SiO2 (cristobalite)
+ H20 (1)

Journal of African Earth Sciences 178 (2021) 104182

5. Discussion
5.1. Talc schist characterization

Mineralogical composition of the talc schist samples shows a large
variability, in agreement with previous studies in the Boumnyebel area
(Nkoumbou et al., 2006a, 2006b). Talc occurs as a major phase associ-
ated with plagioclase and clay minerals (Fig. 3). Talc is associated with
chlorite and goethite in the Lamal Pougue area in Cameroon (Nkoumbou
et al., 2006a), and with chlorite, actinolite and calcite in the Ermidag
deposit in Turkey (Ersoy et al., 2013). However, major chemical
composition is homogenous and mainly consist of Si, Mg and Fe as
shown in Fig. 10(Fig. 10) (Petit et al., 2004). As an exception sample
WE45 from Manguenda -Hegba has the highest amount of silica,
reflecting the signature of possible ultramafic parent rock. The chemical
composition is in line with previous studies in Cameroon (Nkoumbou
et al., 2006a). The occurrence of variable amounts of magnesium, iron,
chromium and nickel (Table 2) implies features of ultramafic protoliths
(Nkoumbou et al., 2006a, b). They contrast with the Trimouns deposit,
which formed from the alterationof dolomitic carbonate rocks situated
in tectonic contact with metamorphic siliceous rocks (Marteau et al.,
1991).

Based on the ternary diagrams (Fig. 10), there is no obvious corre-
lation between chemical and mineralogical distribution of talc schist
samples and the talc amount in the localities studied (Fig. 10). A three
clusters are deciphered based on the occurrence of clay mineral phases
and plagioclase in talc schist samples regardless of the sampling loca-
tion: (i) talc rich samples with small amount of plagioclase, (ii) talc rich
samples without plagioclase, (iii) the poorest talc samples (0-40%) with
high amounts of clay minerals mainly chlorite and very small amounts
(<5%) of plagioclase.

Thermal analysis of talc schist samples display endothermic peaks
between 450 and 600 °C due to the occurrence of chlorite (Fig. 9).
Similar endothermic peaks were reported in talc schist from Cameroun
(Nkoumbou et al., 2006a) and Turkey (Ersoy et al., 2013). The latter
observed that endothermic peaks disappeared with increasing talc
contents in the samples. The talc studied shows a large endothermic
peak between 900 °C and 1000 °C, corresponding to dehydroxylation of
talc which is transformed into clinoenstatite. Whereas, in Nkoumbou
et al. (2006a), dehydroxylation of talc occurred between 850 and

Fig. 8. SEM images and EDX results obtained from sample WE29. a-b: talc; d: EDX of talc; d: plagioclase. d-e: EDX results.
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Fig. 9. Thermogravimetric diagrams of the talc schist samples from Pouth
—kéllé (WE39) and Mémel (WE2 and WE34).

1050 °C leading to tremolite formation.

Talc has a platy morphology as shown in SEM images (Fig. 9). Similar
morphology of talc were reported in talcschists from Cameroon
(Nkoumbou et al., 2006a, 2008a; Ngally Sabouang 2014). Talc ore from
the province of Cordoba in Argentina which formed in meta-ultramafic
rocks, has planar crystals forming packets of superimposed sheets
(Lescano et al., 2017).

5.2. Source and weathering trend

Ferromagnesian, corrensite and chlorite are widespread products of
hydrothermally-altered mafic rocks (Abad et al., 2003). In hydrothermal
systems, the circulation of a hot hydrothermal fluid causes the crystal-
lization of chlorite and corrensite in the more distal area, this alteration
of the bedrock might have begun even during the contact meta-
morphism stage.

In the studied area, mineral characterization and the XRD spectra of
the clay fraction (Fig. 4) reveal that vermiculite; kaolinite and talc are

10
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the dominant secondary minerals formed during weathering (Righi and
Meunier, 1995). These three secondary minerals can be used as in-
dicators to determine the regional weathering degree. Concerning the
origin of vermiculite, two major hypotheses have been considered:
vermiculization of biotite, and alteration of pyroxene and hornblende.
Previous studies pointed out that vermiculization of biotite results from
areplacement of interlayer K by hydrated cations generally Mg resulting
in structural changes from trioctahedral to dioctahedral, and eventually
oxidation of structural Fe (e.g. Churchman and Lowe, 2012; Feng et al.,
2018; Kudrashou et al., 2020; Moore and Reynolds, 1989). The alter-
ation of biotite to vermiculite is caused by the superficial circulation of
groundwater, which leached potassium from biotite and then from
vermiculite (Narasimha et al., 2006). Alteration of pyroxene and horn-
blende into vermiculite has also been reported in mafic and ultramafic
rocks due to the fluid infiltration during acidic intrusion (e.g. Fanning
et al., 1989; Narasimha et al., 2006).

Kaolinite may be formed from two sources: either neoformation from
feldspar; or alteration of vermiculite. Neoformation of kaolinite from
alteration of feldspar is the most common weathering process in humid
tropical regions such as North Eastern Cameroon. It acts specifically in
moderately drained and weakly acid environments with low silica ac-
tivity (Churchman et al., 2010). The opposite variation of kaolinite
(0-40%) and vermiculite (0-20%) suggests that kaolinite may be
derived from the transformation of vermiculite by losing Mg and Si
(Sanjurjo et al., 2001).

Weathering in the region studied is also confirmed by the
geochemical composition of major elements with selective accumula-
tion of iron-rich minerals as indicated by the Al/Fe ratio below 1. Si, Al
and Fe are positively correlated with most of the traces elements (Ni, V,
Zn, Cr), suggesting their possible incorporation in newly formed clay
minerals, especially vermiculite.

According to Nkoumbou et al. (2006a), most of the trace elements
are compatible with tremolite formed by hydrothermal transformation
of ultramafic rocks. Based on the high talc contents of the rocks and
occasional coexistance of tremolite and magnesio-riebeckite, the origin
of the talc sediment is assigned to a hydrothermal alteration of ultra-
mafic rocks (Nkoumbou et al., 2008a). The occurrence of high contents
of Cr and Ni indicate genetic relation with ultramafic rocks (Table 2).
The hydrothermal origin is also supported by the occurrence of P and S,
and their high correlation with silica (Angerer et al., 2013) (Fig. 5).

6. Conclusion

Talc schist deposits from central Cameroon region have been char-
acterized. Different alteration zones in talc schist deposits were deter-
mined depending on differences related to the texture and color of the
host rocks.

Mineralogical composition of talc schist samples is variable and
shows the occurrence of talc as major phase associated with variable
contents of plagioclase and clay minerals. Three groups of mineral
parageneses were determined: i) talc with small amount of chlorite and
traces of kaolinite, ii) talc with high amount of chlorite, iii) variable
amount of talc with plagioclase and clay minerals.

Talc schist samples showed strong correlation between Cr, V and S
(R2 = ~0.9) and Fe is highly correlated with Cr and V. This implies an
ultramafic origin of the talc schist and the occurrence of hydrothermal
fluid circulation.

Talc particles have lamellar shapes with some irregularity at the
boundaries. The lamellar morphology allows particle stacking and weak
packing cohesion leading to partial exfoliation. Talc chemistry mainly
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consist of Al, Si and O with variable quantities of Mg, K, and Ca and low
quantities of Fe and Na.

The characteristics obtained of the clay fraction associated with talc
suggests that these talc schist samples could potentially be a source of
ceramic raw material.
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