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Micromorphology and soil formation of
some savanna alfisols in South Western
Nigeria
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The refationship between micromorphology and seil formation in some well-drain-
ed soils in the savanna ecosystem of south-Western Nigeria was studied. Arrange-
wenis of soil constituents were evaluated in nineteen (75 x 25mm) thin sectipas
made from imdisturbed samples.

Thin section studies show that the selated distribution of plasma and skeleton
arains is nsually agglomeroplasmic with some intertextic patehes in the surfacial
hovizons of the soils. The sub-surfacial horizens of the soils are characterized by a
porphyroskelic related distribution.

Pedological features are glaehinles amd cutans. Pedoveliets and Lithorelicts were
recognized  The sub-rounded shape of the pedorelicts indicates that they have
been tmnsporied and the presence of the nadules in the surfacial hodzons of mast
prafiles probably shows former soil process.

Introdoction

Very Lew micromnrphological studies have been made of Nigerian
soils. The mam exceptions are QOjanuga (187 1) und Ashaye (1975). The
former studied the micromorphology of three toposequences of soils at
Ue and Asejire in South-Western Nigeria. Te concluded that the soils
exhibited characteriatics derived from former soils (c.g. pedorelicts or
concretinons, iron stained quariz graing, carthy wonstones or hagments
ol lormer crusts). Ashaye studied the wieromorphology of fourrepre-
sentative soils derived fror diorite in south-western Nigena., He noted
redistribubon of sesquioxides in the soils to form nodules, concretions
and dilfuse sesquioxidic parches.

The am ol the present sludy was to provide micremorphelegical
information about eight Alfisols from south-western Nigeria. Particular
cmphasis was placed on the pedogenic organisation of the constituents
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of these soils and provide a basis for interpreting their gencsis and
the environmental conditions under which they formed.

The Present soil environment;:

The stady area is situated within Ovo B3tate, bevween latitudes

" B0'N and 9° 15N and longitudes 2° 40 and 4°30°E (Fig. 1). 1t hasa
petiodically dry savanna climate belonging to the Guinea Savanna
group (Papadakis, 1965). Annual rainfall ranges from 1000 to 1500mr
occurring mainly in six months,
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Fig. 12 Location Map of the investigated profiles.
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The land surface is old: according 1o King (1967, the main surface is
Past-Africin of Jate Ceinozoic age. Thee crosional periods are presumed
to have taken place on the basis ol which De Swardt (1953) concluded
that periods of humid and arid climates alierngted in the area. Studies
ol some pediments (Folster and Ladeinde, 1967 : Burke and Durotoye,
1970 and Ojanuga vt al, 1976) reyealed the presence of stratified slope
deposits which could not have been laid down under the present clima-
tic conditions. Various processes have played a role in transporting and
mixing soil materials, and this is reflected in the complexity of the soils.

Methods

The arrangement of soil constituents in eight Alfisol profiles was
studied in 19 thin scctons (75 x 25mm) made frowm undisturbed sam-
ples. Tive of the soils were classitied as Haplustel[s (Profiles 1,3,5,7 and
8), two us Paleustalfs (# and G) and one as a Plinthustalf (Profile 2).
Several horizons were sampled in same profiles whereas for others only
one sample wis taken 1o represent a particular phenomenon such as
elay illuviation ot imduration. The samples were impregnated with
Arpldite. The terminology of Brewer (1964) with seme modiflcations
was used 15 deseribe Lhe seetions.

e summaries of envitonmental characterisiics, profile descriptions
anel anzulyiical data ol the soils are given it Appendix 1 — Tables 1--3.

Results and Discussion

(a) Microstructure: - _
The summary of micromorphological descriptions is shown
Appendix 11 — Tahle 4.

The sprlace harizons of the profiles are charactenised by weakdy
developed. subangular mieropeds arising from a combination of plough-
i soil creep and faunal activity. Between the peds ave vughs and
seame skhnple packing voids. Distinet subangular to angulsr mese and
tacroneds dommate the subsurface horizons, Skew planes, yughs and
channels ave the dominani forms of voids, The planar voids relale to
shrinking and swelling ol the clavey subsinface horizons during the
periodicially wet and dry scasons characteristic of the area. Although
ol activity Is most common in the surface Yorizons. the chanmiels in
the sub-surtace borizoms ofigmate as root, eathworm, and termite and
il Bipreras.



(&) Pedvlogical Features

The most striking pedological features are the glacbules and cutans.
The glachules have an undifferentiated intemal fabric and hence are
nodules rather than concretions, Twu types ol nodules are presenl viz:
nodules with soil fabric, called pedorclicts, and nodules withi rock
fragment, termed lithorelicts (Plates 1 % 2).

PLATE 1:Portion of sequioxide nodule (Pedorelict) having sharp boundury wiik

the S-matrix of prefile 8 (B,1 lWorizan) Typic Haplustalf. (Note the £

undifferentiated internal fabyic of the nodule). Thin section under plain
light.

PLATE 2:Portion of an irtegular Nodule wilh rock fabric (Lithaeelic) fin Profile “
4 (B /B, t horizon) Typic Palewstalf. Thin section undrer plain highs
(Note lhe feldspar crvstals)
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The pedorelicts in thin section vary in colour from very dark brown,
dark brown, reddish brown to yellowish brown between crossed
polarisers, Their colour often suggests high iron andfor managanese
contents and this has been confirmed by clemental analysis (ojo-
Atere, 1978),  Lithorclicts are similarly high m iron andfor
managanese.

The smooth rounded form of the pedorelicts suggest that they have
been transported whereas the dithorelicts have a more irregular, angular
form consistent with in situe formation. '

The pedorelicts in the surface layers may be interpreted as remnants
of old soil horizons since they have features in common with B hori-
zons, The dating of these pedorelicts is speculative at this stage but it is
assumed that they were formed prior to the three erosional phases
reported for this area.

Void and grain argillans are mainly restricted to the B2t and B3
horizons. Both simple and compound types are present. (Plates 3
and 4). They are strongly oriented. They are, however, discontinuous
and occupy only a very small proportion of the total plasma. They are
mainly ferriargillans judging by their dark brown colours. A few ferrans
and mangans arc also préesent,

PLATE 3:Simple vugh cutan with strong continuous parellel orientation in
profile 5 (B, horizon) Typic Haplustalf. Thin section under plain light.
The central portmn (V) is a vugh. The broad zone (C) surrounding he
vugh is cutan (SM = S-Matrix).

17



PLATE 4:Graded compound cutan (C) in Profile 5 (B , horizon). Typic Halplustalf
Thin section under plain light.

(¢) Plasmic fabric and Reluted Distributions:

The surface horizons have a generally isotic plasmic fabric, presum-
ably related to the presence of orgamic matter and the levels of iron
oxides. The related distribution of plasma and skeleton graing in the
surface layer is agglomereplasmic with a few intertextic pockets (Plate
5).

The surbsurface horizons are characterised by more plasma separa-
tion leading to complex plasmic fabrics with ma — skel — vo-latti-sepic
entities all represented. The related distribution is porphyroskelic
(Plate 6),

L

PLATE 5 ‘Agglomeroplasmic arrangement in Profile 7 (A,) — Typic Haphustalf.
Thin section under plain light. (S = Skeletal grain; 'V =Void; P = Pasma).
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PLATE 6:Porphyroskelic type of arrangement in the B, horizon of profile 8 —
typic Haplustalf. Thin section under plain light. (Note the occurrence of
oriented cutans around voids und skelefon grains (Skel-Vo-Sepic plasmic
fabric), Also, note the isotic patches in the S-matrix.

Soil formation:

The size and shape of the peds are probably mherited from the
parent material. But the peds in the surfacial horizons have been con-
siderally modified probaly by the disturbance of the soil material by
ploughing, faunal activities and soil creep.

The smooth subrounded shapes of the pedorelicts indicate that they
have been transported, while the rough and angular forms of the lith-
orelicts indicate that they have probably been formed in-situ. The pre-
sence af pedorelicts with porplhyroskelic arrangements in the surfacial
horizons might be interpreted as remnants of an 61d soil bor_iz_cn-. This is
stronigly supported by the similarity between the internal fabric of the
superficial pedorelicts and thosc of the subsurfacial horizons. Also, the
presence of these pedorelicts in the surfacial horzons mdicates the pro-
bable admixture of foreign materialy in the soil andfor former soil
processes leading to their formation. It is assumed that these pedore-
licts were formed prior to the three erosional phases, which had been
reported in the area. The lthorelicts were probably formed as a result
of sesquioxide accumulations on weathered fragments of the underlying
rock. The enclosed Feldsper crystals in the lithorelicts, indicate prob-
able formation of the glaebules in areas which are most susceptible to
weathering in the pavent rock. They are stable after their formation
and highly subjected to ferruginization.
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Cutans lining skeletal graing and voids, lend sapport to translocation
of clay or sesquioxides from the upper horizons and subsequent accu-
mulation in the B, t horizons. The translocated sesquioxides form
coatings of oriented pattern on the voids through which or into which
water moves or in which it stands. The formation of these cutans
suggests that the soils dry from timie to time, as a result of which the
soil solution is forced to retire in a more concentrated form to the sur-
faces of the mineral grains or voids. The presence of compound cutans
indicates mass illuviation. The ustic moisture regime of the area of
study, implies that sufficient moisture is available during a part of the
yeat fo induce the mass transport of colloidal seil material.

A possible cause of unoriented domains (asepic {abrics) in the sur-
facial horizons is probably due to the disturbance of the soil by soil
fauna, tillage and soil creep. The unoriented domains in ‘the subsurfa-
cial horizons may be due to the normal weathering of parent rock.

The oriented patterns of plasma separations are probably due to the
effects of pressures and tensions created as a result of wetting and dry-
ing. The periodic dry and wet seasons in the area favour this process.

The simple packing voids result from the normal packing of plasma
and skeleton grains. The vughs are probably formed by differential
weathering of mineral skeleton grains and complete temoval of the
weathering products by leaching. The formation of channels is pro-
bably by the activity of soil fauna or plant toot systems. The plancs
originate from shrinking and swelling during wetting and drying, which
is in conformity with the periodic wet and dry seasons operative in
the area,
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