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Abstract

The loose materials of lower and median assemblafie®il profile developed on the Fongo-Tongo tsdeb
(West-Cameroon) have been the subject of minedbgind geotechnical characterization. Mineralodica
analysis reveals the presence of quartz, kaolirgibbsite, hematite, goethite, illite and alkalidgpar. The
proportion of kaolinite decreases from the bottamthe top of the profile; while the gibbsite conitation
evolves in the opposite direction. lllite and alkidldspar coexist at the bottom of the profile.o@&ehnical
characterization shows that the loose materiallofiel median horizon corresponds to loamy soilshef A-6 (7)
class; while the loose materials of illuvial medibaarizon and lower assemblages are clayed soith®fA-7-5
(17) and A-7-5 (18) classes respectively, accordmgighways Research Board. Meanwhile, accordmghe
Laboratoire Central des Ponts et Chaussées (LCB®@) are known as highly plastic silt (Lt). Accarglito the
Guide de Terrassement Routier (GTR), they belomtpasA.

Keywords: Cameroon, Fongo-Tongo, trachytes, soil profile, amaogical characteristics, geotechnical
characteristics, fine soils
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1. Introduction

The Cameroon Volcanic Line direction N30°E and 1&®0 long, forms a series of horst and graben. The
Bambouto Mountains forms the third horst and aoated in the highlands of Western Cameroon anddsstw
the Manengouba and Bamenda Mountains (Deruel.,e1991). This enormous massif is a polygenic vulca
shield formed of mafic and felsic rocks with agesging from Miocene to Recent (Youmenadt, 2005).
Volcanic rocks rest on the Precambrian crystaliasement (Dumort, 1968; Kwekamagt 2010).

All this lithological set covers several flanks,ibBappens in the south-western flank where Fohgiogo locality
is situated and built in majority on trachytes @B9%) (Tematio, 2005). These are felsic volcanitksodating
from the Miocene (Tchoua 1974; Youmen 1994; Youmal., 2005).

On petrographic plan, N'ni and Nyobe (1995) hightithree types of trachytes: (i) the “Fongo-Tongxhyte”
type formed of plagioclase phenocrysts and micsieaty, acid pyroxene, olivine, iron oxide-titaniamd apatite;

(ii) the fluidal quartz trachyte characterized hg abundance of alkali feldspar and (iii) the hgfletline trachyte
consisting of phenocrysts of alkali and subsidipyyoxene, amphibole and iron oxide-titanium feldspdhe
alteration of these trachytes gives the variablekitess of supergene mantle and both loose andatetl
material (bauxite). Hieronymus (1973) and Nyobe Bird (1990) orientated their studies solely on §ofTongo
bauxite breastplates. Tematio and Olson (1997)mbeuLeumbe (2003); Tematio &t (2004); Leumbe Leumbe
et al. (2005) and Tematio al. (2009) examined the loose mantle materials (dwl)studying its genesis,
evolution and classification in the domain of pedgl. Ananfouet Djeufack (2012) and Djuickouo (201@)
their part, carried out a geotechnical classifaratdf the soils developed on volcanic rocks of Ersehang city
but avoided those developed on trachytes. Also,ePeuDjuéyep (2012) carried out a geotechnical and
mineralogical assessment of the loose weatheredlendeveloped on welded ignimbrites in Dschang Wwhg
used for stabilized earth bricks. Finally, the work Ananbe Nijitsop (2008) and Fobeu Nguemo (2@tiljhe
loose supergene mantle of the crystalline baserenipletes the geotechnical studies on the supearfici
formation from different lithological groups fourmh the south-western Bambouto flank. Thus, theegdwtical
characteristics of loose material of weathered haadeveloped on Fongo-Tongo's trachytes has noh bee
subjected to any specific study. This study theeefims to characterize the loose materials of lmgzatl mantle
developed on the Fongo-Tongo's trachytes from amaingical and geotechnical point of view.

2. Materials and Methods

2.1. Natural Framework of the study

Fongo-Tongo is located on the highlands of WesBameroon specifically the South-western side of Bauto
Mountains (Tematio, 2005). The area is charactérizg low altitudes (1300-1600 m) and medium alésid
(1600-2000 m). The hydrographic network is subdiéiodio dendritic. The climate is equatorial canmarian
type and is influenced by the topography and momstids characterized by an alternation of raiegson (eight
months) and dry season (four months). The averagaah rainfall is 1719 mm and the temperature i820.
The vegetation is strongly influenced by anthrogitivities with swampy areas being occupied byiagiialm
forests relics. The soils aferrallatic andicandferrallitic battleships according to CPCS (Centre Pedologigue
Classification des Sols) classification (Tematial &1son, 1997; Leumbe Leumbe, 2003; Tematialgt2004).
The petrography of this location consists of traely welded ignimbrite, non-welded ignimbrite, bEsand
granites (Figure 1).
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Field reconnaissance survey based on topographylezhthe identification o

road cuts in the study area. Furthermore

esc\scriptions were per

macr

0%r3M6rth

see Figure 2) were collecedhe

(Figure 2). This synthesized soil profile correspmno a slope whose coordinates are 1586 m

and 09°58'27" East (Figure 1). Finally, the samgle8l

F-B2 and F-C;

median and lower profile assemblages for laboradoatysis.
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Figure 2:Weathered Soil Profile on Trachyte

The studied pedologic profile comprises three abtmges: lower, median and the upper assemblages
respectively; with an approximate thickness of 680(Figure 2).

The lower assemblage constitutes the lower horBG@nwhich is a transitional horizon, of thickness51ém

(Figure 2). It is a polychrome weathered level. Tours range from red (10R4/6), light red (10R,7f8ddish

yellow (7.5YR7/6) and pale-brown (10R8/2). Palevimand reddish yellow characterize trachytes fragm#hat
are in the course of weathering called weatherdts.b@hese fragments have size fractions rangimmgnfr
millimeter to centimeter, which are scattered iis tavel. The texture is silty clay and the struetis polyhedral.
The limit between the lower assemblage and medisemablage is clear.

The median assemblage of thickness 440 cm corrdsponthe horizon B. This assemblage is subdividex

eluvial median level and illuvial median level @sponding to F-B1 and F-B2 materials respectivEigure 2).

The illuvial median level has an average thickrefs00 cm, with colours ranging from dark-red (2BB5¥6) to

pale brown (10R8/2). It is silty clay having a tyifeel due to the presence of sand particles. lbigzon has a
polyhedral structure. Alumino-ferruginous gravegdsedominantly of millimetric sizes, are scatteracbtighout
this level. The upper limit is irregular and sharp.

Concerning the eluvial median level (Figure 2)isi240 cm thick and has two phases: the fine addrated
particles. The fine particles are dark-red (2.5Y833h colour and are classified as sandy clay. Jtnacture at
this level is particulate. Indurated gravel elerseate likely alumino-ferruginous red (10R4/6). Thsize
fractions range from millimeter to centimeter aegresent about 30 % of the particles at this leRebts are
widespread on top of this level. The limit of tAissemblage with the overlying unit is sharp arebjinfar.
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Finally, the upper assemblage with 24 cm of thiskn@igure 2) has two phases: the fine elementsnaludated
elements. Fine elements are dark-grey in colo&Y®3/1). The fragments of indurated elements (djasteow
the following colours: red (10R4/6) and yellowiskdr(7.5YR6/6). The texture of this horizon is satmhm and
the structure is lumpy. Many roots are found at lthge and the rootlets are concentrated at theftdpis
assemblage. Indurated elements as in the eluvidlamdevel are nodular and alumino-ferruginous ature.
Their size fractions range from millimeter to a teweter.

2.3. Methods

In the laboratory, mineralogical analysis and sogemtechnical analysis (granulometry, Atterberg timi
methylene blue test) were performed at the Locakkis Promotion Authority (MIPROMALO) Yaounde. n
the soil compaction test was done in the civil aegring laboratory of the Advanced National Schobl
Engineering (ENSP), of the University of Yaounde I.

2.3.1. Mineralogical Analyses

The mineralogical composition of the materials waslied using X-ray diffractometer. The samplesenfinst
heated at 105°C for 24 hours before being crushgubiwvder of 8(m diameter using a porcelain mortar. The
measuring apparatus used,was BRUKER diffractontgterating through the reflection ofulKcopper rays. The
scanned angular domain was<626 <90° with an angular space of 0.020°, within 6 sdsa@nd at an ambient
temperature of 25°C. The apparatus was connectadctimputer which directly gave the diffractograrfibe
different peaks of the diffractograms were detegdiwith the aid of data automatically furnishedti Diffrac
+software and controlled manually by ASTM cards.

2.3.2. Geotechnical Analyses

Concerning the grain size analysis of the differeaterials, it was performed accordingto the NF568-(1978).
Based on this specification, the grain size diatidn curves were plotted with size fractions geedlhan 8Qm
obtained by wet sieving through a series of sieMedecreasing mesh sizes while the size fractiess than
80um were obtained by sedimentation.

Atterberg limits were used to determine the plagtimdex of the studied materials. The liquid limiwere
determined using the Casagrande apparatus whiéiglanits were identified on the rods of 15 mmdéh and
about 3 mm of thickness according to the NF P94{0993) standard. According to NF P94-051 (1993),0 -
op Wherelp is the plasticity indexp, is the liquid limit andwp represents the plastic limit.

The methylene blue test consists in introducingessive increasing quantities of methylene bluetsal in the
sample (grain size<5 mm) until the clay fractiorsagurated with blue according to NF P94-068 (1%®ahdard.
During testing, a homogeneous solution (methylelne kolution+soil) is removed with a glass rod (61rin

diameter and 300 mm long) and put on a filter pafethe end, if it forms a persistent light-blualdin the wet
zone around the central blue stain, the test igipesif not, it is negative.

The modified soil compaction test aims to deterntireoptimum water content and the maximum dry ide fer
a given intensity of normalized compaction. This tgas performed according to NF P94-093 (1993)dstial.

The geotechnical characteristics studied, have itednthe definition of the taxonomy of loose weatid
materials formed on Fongo-Tongo’s trachytes acogrdd geotechnical standards (charts) like the GGRide

de Terrassement Routier), LCPC (Laboratoire Cemtesl Ponts et Chaussees) and HRB (Highway Research
Board).

The Group Index ) is given by the equatior = 0,2a+0,005ac + 0,01bevhere a= that portion of the
percentage passing N° 200 sieve greater than 38%h@rexceeding 75%, expressed as a positive whotder
(0 to 40).

b =that portion of percentage passing N° 200 sievatgrehan 15% and not greater 55% expressed asitv@o
number (0 to 40).

¢ = that portion of the liquid limit (LL) greater tha40 and not exceeding 60% expressed as a positivale
number (0 to 20).

d =that portion of the plasticity index greater th&ahahd not exceeding 30 expressed as a positiveewtushber
(0 to 20).
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Both the HRB and LCPC are based on the grain side/dterberg limits, however LCPC distinguishesheig
categories for granular soils. For fine soils, LCielles on the plasticity chart to determine thiéedént types of
soils. GTR 92 defines the classes of materials ftbenresults of three tests categories: identiicatests or
nature tests, state parameter tests and mechaestal (NF-P11-300, 1992). In this work, the clasaifon of
materials depending on GTR relies solely on idaatifon tests or nature tests. GTR 92's classificaitdentifies
four classes of soils distributed as follows: (13$S A: fine soils; (2) Class B: sandy and gravsdils with fines;
(3) Class C: soils with fine and coarse particled @) Class D: water insensitive soils.

3. Results and Discussions

3.1. Mineralogical features

The diffractograms counting of F-B1, F-B2 and F-Gtemials show that they consist of (i) newly formed
minerals: kaolinite, gibbsite, illite, hematite, ejbite and (ii) some traces of primary mineralsartg) alkali
feldspar (Figure 3). The illite crude peak indicaits state of disequilibrium and marks the tramsibetween the
alkali feldspar and kaolinite which has a morengtmain peak in the F-C material. The presen&adfite in
the BC horizon is due to good drainage at thisllefgrofile that would result in the partial bretdwn of K-
feldspar to kaolinite (Tematio, 2005 and Tematialgt2009). The intensity of the main peaks of katgilf7.15-
7.16 A) decreases from the lower assemblage telthéal median assemblage while that of gibbsit844.83
A) increases in the same direction (Figure 3). &elution of these two minerals is due to the fitéors from
good to excellent drainage which causes the digsenlwf the kaolinite to gibbsite with leaching silicon
(Tematio, 2005; Tematio al., 2009; Tchuenkam, 2013). Goethite is absentarethvial median assemblage (F-
B1). Nyobe and N'ni (1990) proved that the degiadabf the goethite releases elemental iron (Félichvis
associated with aluminum to form alumino-ferrugiseodules. Thus, the lack of this mineral in tiigel of the
profile can be explained by the dehydration of thieeral in favor of hematite. Very fine peaks amhstant
intensities of quartz are present in the wholeilgrofvhich warrants the stability of the minerat@rding to Nni
and Nyobe (1995) and Marzoli at. (1999), the trachyte rich in quartz identifiedthis locality represents the
parent rock on which this weathered mantle develope
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Figure 3: XRD Patterns of Mineral Constituents of Loose Weathered Materials on Trachyte
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Legend Kin: Kaolinite; Gbs: Gibbsite; Qtz: Quartz;Hem: Hematite;lll: lllite; Gt: Goethite;Kfs: Alkaline
feldspar

3.2. Granulometry

The particle sizes of less than 0.02 mm in the ri@seof the median illuvial horizon (F-B2) and lew
assemblage (F-C) are the most important partiéiggi(e 4). They contain more than 80 % clay and(Bigure
4), while gravel and sand particles are respegtieas than 20 % of these materials.

The material of the eluvial median horizon (F-Bbptains 53 % of gravel and sand particles and 4af &ay
and silt particles (Figure 4). The particle sizeto§ material seems to be identical to the incdaoil formed on
basalts studied by Ananfouet Djeufack (2012) andidRpuo (2012). Thus, the abundance of gravel amd s
particles is due to a pronounced induration atphiile level. This is justified by the predomirt@nof minerals
such as gibbsite, quartz and hematite. SimilarfjyidRouo (2012) suggests that the presence of eqaasgticles
result from precipitation process, and this is ewmidby the accumulation of oxides and hydroxidegai and
aluminum. However, high proportions of fine paseglin the illuvial median material and lower asskgd
materials can be explained by the presence ofrolagrals (Poueme Djueyep, 2012; Ananfouet Djeufatit,2).
The predominance of clay minerals which are thdlestaninerals in terms of size, such as kaoliaitd illite (to
a lesser extent) in these materials, confirm thybdri percentage fine particles. Moreover, the difiees between
the grain size distributions curves of the différaraterials studied from the profile prove the elifmtiation of
the soil profile at different horizons (Kouayep Law 2006). As above, the material of eluvial medevel has a
predominantly gravel size fraction; while the mitisrof the median illuvial level and lower asseagd are fine
particles.

Gravel Coarse sand Fine sanc Silt Clay
100 g —————————* = F-BL|

L X buiming -——— -

oooo

o O
1 1

o
:

% cumulative passing

P N W b~ Ol
o
']

(@]
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10 1 01 0,01 0,001
grains size (mm)

Figure 4 : Granulometric curves of Loose Weatheredaterials on Trachyte

3.3. Atterberg Limits Test and Methylene Blue $ee Table 1

The values of liquid limitd,) and plastic limit @p) increase with depth (Table 1). The increase rd fiarticle
proportions explains the increase of these valuigls the depth. The values of the plasticity inddxtleese
materials indicate that the eluvial median levelarial (F-B1) is of low plasticity while the matals of the
illuvial median level (F-B2) and the lower assengieldF-C) are of higher plasticity (Table 1). Thghplasticity
of a material is due to the presence of clay miadike kaolinite in this material (Poueme Djuey@p12).
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The materials of the median illuvial level and tbwer assemblage contain a significant quantitiaaflinite and
illite, hence an elevated degree of plasticity. dAlthe different granulometric nature of these fgvoups of
materials: (i) silty sand material for eluvial maxilevel and (ii) silty clays for those of the illal median level
and lower assemblage justify their rheological éra(NF P11-300-1992).

Concerning the methylene blue test performed onthweead materials developed on trachytes, the values
registered are 2.20, 2.60 and 4.27 correspondifrgBt, F-B2 and F-C materials (Table 1). Just the values of
liquid limit (w.) and plastic limit @p), they increase with depth (Table 1). The matertzving values of
methylene blue (W) from 2.5 to 6 are silty clay soils (Duplain at, 2000). This shows that the high specific
surfaces are due to the high percentage of finticlesr sizes in the material of the lower assendbkagd median
illuvial level. The fineness of these materialgi® of the properties that can explain thg ¥alues 2.60 and 4.27
respectively. Furthermore, the combination of chaiperals (illite and kaolinite) in a material cagsg high
retention capacity of substances on their surfacestherefore a high specific surface charge (Le2806). In

this context, the simultaneous presence of kaeliaitd illite in the studied materials explains thg values
obtained.

Table 1: Atterberg Limits and Methylene blue test \alues of Samples with the Different Sampling Depths

Paramters
(O]} 0p Ip Vgs (%)
Samples and
dephts
Soil Median F-B1(24- 264 cm 61,z 48,1 12,€ 2,2(
Profile assemblage F-B2(264- 464cm) 76,5 49,7 26,¢ 2,6(
Lower
assemblage F-C (630 - 630 cm) 97,1 74,6 22,5 4,27

3.4. Soil Compaction Test

The materials of the lower assemblage (F-C) andidl level (F-B2) of the median assemblage hawrth
respective values of optimum water contents whieh 6 % and 15 %; and 1.359 kgAlend 1.373 kg/dfh
which represent the values of maximum dry densifethese materials (Figure 5). The values of tlimum
dry density {dopv) and optimum water contenbdpy) of median eluvial level (F-B1) are respectivetyual to
11.5 % and 1.612 kg/dhiFigure 5). The compaction values of eluvial leweiterial are close to those of lateritic
gravely soils of Cameroomgey< 12 % andydopy > 1.9 kg/dm) found by Sikali and Mir-Emarati (1986) and
Djuickouo (2012). These values are due firstlyhimirt low percentage of fine particles (Figure.4d aacondly, to
the abundance of oxides and hydroxides (gibbs#@matite, quartz of F-B1 given by Figure 3). HoweWwgami
(2012) reports that homogeneous loose materialesseavorable to compaction due to the excegsiegence of
fine particles (Figure 4). This confirms the resuwf compaction obtained on the materials of loagsemblage
and illuvial level of the median assemblage (FidkreMoreover, the simultaneous presence of kdeliand illite
in the above mentioned materials (Figure 3) wartlagit compaction behavior.
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Figure 5: Compaction Test Curves of Loose Weatherellaterials on Trachyte

4. Geotechnical Classification of Weathered ProdustDeveloped on Fongo-TongoTrachytes

4.1. Classification of the Highway Research BoardHRB)

Weathering materials formed on trachytes are loany clayed soils (Table 2). They are referred té-&and
A-7-5, but with different group indices. Dependiog these group indices, materials F-B1, F-B2 ar@ &F
studied soil profile are respectively of the clagsé (7); A-7-5 (18) and A-7-5 (17) (Table 2).

Table 2 (a; b; ¢): Classification of Loose WeathekMaterials on Trachyte According to Highway Reseath
Board (HRB)

(a) (b)

Sieve 2 0,5 0,08 Sieve 2 0,5 0,08
mm | mm | mm mm mm | mm
F- | %passin |59 |57, |55 F-B, | %o passint | 955 | 92,5 |90
B1 W, | 61,2 W, 76,5
Parameters| Wp | 48,7 Parameters| Wp 49,7
Ip 12,¢ Ip 26,¢
lg U lg 18
Name accordini| Loamy soil Name according t| Clayed soll
to the soil types the soil types
Denominatiol A-6 (c) Denominatiol A-7-5
Sieve 2 0,5 |0,08

mm | mm | mm
F-C | Y% passin | 99,7 |99, |97,

W, 97,1
Parameters| Wp 74.€

Ip 22t

I 17

Name according t| Clayed soil
the soil types
Denominatiol A-7-5
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4.2. Classification according to the Laboratoire Cetral des Ponts et Chaussées (LCPC)

According to the LCPC, samples F-B1; F-B2 and FfGtadied soil profile fall into the class of firsils.
Depending on the liquid limit and plasticity indéle fine soils are highly plastic loam Lt (Figuye6

o0 ya
¢ F-Bl
50 Most plastic / E F-B2
clay At /
/ A F-C

N
o

/

Less plastic clay /
/ .
Most plastic silt A

Plasticity index (Ip)
w
o

20
Lt
Yy, *
10 —
| ess plastic silt Lp
0

30 40 50 60 70 8 90 100

Liquidity limit ( @)

Figure 6 : Classification of Loose Weathered Mate&ls on Trachyte According to the Laboratoire Centrd
Des Ponts et Chaussees (LCPC)

0 10 20

4.3. Classification of the to Guide de Terrassememoutier (GTR)

The weathered mantle from Fongo-Tongotrachytesais @f the A Class called fine soil according to RGT
(Figure7). Depending on the nature of these masetizey are Al, A2 and A3classes (Figure7).

Massant 4 0,08 mm

100% 17 mooan Ip
= >
* n * &)
Al A2 A3 | Ad
(]
5% o F-B:
¢ F-B:
BS B6 s F-C
Passant
fazmm
12% 100%
D1 | B1 B2 70%
D2 | D) D4
0% 0% VBS

] 0,1 0,2 1,5 25 6 L]

Figure 7 : Classification of loose weathered trachg to according to Guide de Terrassement Routier (GR)

5. Conclusion

Fongo-Tongo is an area covered by a widespreadhackl loose mantle developed on trachytes and gélger
forming a differentiated profile (ABC type).

The mineralogy of these materials reveals the presef newly formed minerals:illite, kaolinite, bisite,
hematite and goethite and residual primary minecplartz and alkali feldspar.
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The geotechnical characteristics of these loosenatd from trachytes show that the proportionfired particle
sizes increase with depth. They have a percentaggny through a sieve of @éh greater than 35%. The values
of the plasticity index of these materials indictitat the eluvial median level material is of lolagticity (12.6)
while the materials of the illuvial median leveldathe lower assemblage are of higher plasticityX2hd 28.4
respectively). Thus, these values of the plasticitex increase with depth. Moreover, the valuesethylene
blue test (\ds) which vary from 2.20 to 4.27 and the values ahpaction soil tests increase also with depth. The
materials of the lower assemblage and illuvial lesfethe median assemblage have the respectiveeyabfi
optimum water content equal to 16 % and 15 %; a9l kg/dni and 1.373 kg/drespectively, which
represent the values of maximum dry densities @d¢tmaterials. The values of the maximum dry de(gitew)
and optimum water contentogpy) Of median eluvial level are respectively equal 1tb.5 % and 1.612
kg/dn?.These materials correspond to loamy soils of tk@ (%) class and clay soils of the A-7-5 class With
which are 17 and 18 according to the HRB. Theycatied highly plastic silt (Lt) according to the PC. Finally,
they belong to the sub classes Al, A2 and A3 cparding to A Class according to the GTR. Thus, éoos
weathered materials formed on trachytes are fiile. so
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